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Estimation of Cnidaria and Ctenophora biomass and vertical distribution using
the Video Plankton Recorder Il (VPRII) in the meso- and epipelagic layers of the

Oyashio and Transition zone off eastern Japan

Tadafumi Ictikawa !, Kyohei SEGawa” and Makoto TERAZAKT

To reveal the accurate biomass and detailed vertical distribution of Cnidaria and Ctenophora, new Video Plankton
Recorder (VPRII) and plankton net were towed while obtaining environmental (CTD) data from 25 to 500 m depth dur-
ing July 2003 and June to July 2004 at 5 stations in the Oyashio and Transition zone off the Joban, Sanriku and Eastern
Hokkaido coast, Japan. The vertical distributions of Hydromedusa and Ctenophora biomass in every 10m depth ob-
tained from the VPRII images were intermittent. The biomass peaks of Hydromedusa in the vertical distribution were
found in the North Pacific Intermediate Water (NPIW). While the peaks of Ctenophora were both in the surface layer
and NPIW, and the surface peak seems to have been associated with their food source because it was located directly
below the surface fluorescence peak. To supplement the underestimation of larger size organisms by VPRII measure-
ment, we used the <10 mm sized Hydromedusa and Ctenophora from VPRII, whereas the >10 mm Hydromedusa and
Ctenophora and whole size Siphonophora was used from the plankton net data. Cnidaria and Ctenophora biomass esti-
mated from VPRII images and plankton net samples averaged over 25 to 500 m were from 0.021 to 0.063 mgCm™> in
the Oyashio and Transition zone, and these biomasses were 14 times higher (0.3 to 260, SD=44, n=40) than only using
the plankton net samples. The ratio of Cnidaria and Ctenophora to Copepoda biomass was only from 0.2 to 0.7%. How-
ever, it seems that the biomass of Cnidaria and Ctenophora was higher than in our estimation by either depth or location
due to the intermittent distribution and underestimation of larger Ctenophora biomass in our methods.
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VISR EFIZEN X 9 < (Harbison ef al., 1978;
Falkenhaug, 1996; Warren et al., 2001), F 7=REHRDEEIZ
K OWE - RT3 -0 BRFEICENHE L < (Nishikawa
and Terazaki, 1996; Kasuya et al., 2000; Postel et al., 2000,
Thibault-Botha and Bowen, 2004), ¥ 3 F V&7 5 v & l~ ¥
DBRGFRELERERIZB T 5 RENE/NFHEO TR S
Z &AM X T B (Remsen ef al., 2004).

Video Plankton Recorder (VPR)IE, (10 um 7> 52 10mm
DT 0o v ERET -2 2RGS0 ICRB SN
7=(Davis et al., 1992). &FH 613, Rl Bl - LT
D 25-500m BT BT, VPROHER T H % VPRI
(Davis et al., 2004; 2005) T &k & N 7-H{% & L BB R
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B - BfTEoO s 58, 707 2 rESBES L BERE

4 v b0 MOCNESS-1 (Weibe et al., 198512 &k A HREHRE L
IR U7 (RINE2, 2006). ZDER, 74 7 VD
EEBEEIZVPRIIE TS5V 2 bV 3y P TEERBE D -
725, 2SR LT 7 7 EIE VPRI 2~515% <, o ¥
77 7ME VPRITRELELHENILERLE. Th
&, VPRTIE T 707 by 2E{RE LTEEERT 5720, #F
RDF v b v xoy MRERFICRIE L & S YERBEER
BEIZ K DM, IE - B EicgEant, EfFEE
BaEEICiETE0EEL N,

BHE - BRI O MBS EMEENE <, KEE
BRMORMEHRL L THEELRBR TS S, $/2, KA
4 7 VHHIZ & B R ER D EHE % (Kobari ef al., 2003)Rd0A
SEEEH K (North Pacific Intermediate Water, NPIW) % 58 U 7=
NEHRIRD IR FEOEIRE D IF(Tsunogai ef al., 1993; Ono et al.,
20000& L TOEBEMENRBEN TS, VPREEATS
ZEIZkD, HATVEEERBET T V0 b URFHER
DEBEHAETH D (Purcell, 1991), FIFIZHELZD 55
A% (Mills, 1995; Shiganova and Bulgakova, 2000) T & & 5 &
778, vV IV HOBAFRRERICREE D, ABR
IZB 2R+ HMTER2EDLELLNS.

AR T, VPRIEAWT, kDTS5 o b vty
MFETRBNMEX W T2 58, vV 2 358D
BAEDOEHEEREL D 4iAS L L 810, ikl LU
B - REIRRITORB» o hBIIAMT 50 775,
VOIS HDOEESMOFRERS ML, BT TV
PrDOHTEETDEHA T VEBENOREIIOVTER
L7z,

I

HiliEE s LUBAAEE

e~ IR OB b L OB - BT E
L 7z 8l s (Fig. 1) T, 200347 H & & U7 20044F 6~7 B2k
BERAIIZE Y v & —RFKEM ST A TREL] #H

W, B[HE(8:00~16:00)iZ VPRII (Davis er al., 2004; 2005)iZ
KBBEE T by NI BEREET - /2 (Table
1). VPRIIIZ CTD (Falmouth Scientific Inc. MCTD), H¥3%
J& &t (Seapoint Sensors Inc. SCF)35 & UNEE &1 (Seapoint Sen-
sors Inc. Turbidity Meter) D B IR ¥ % — & L & IZHAK

44°N

40°N

36°N

. A . . M o
140°E 142°E 144°E 146°E 148°E
Figure 1. Location of the sampling stations in the Oyashio and

Transition Zone off the Joban, Sanriku and Eastern Hokkaido
coast, Japan. Stations OY'1, OY2 and JB1 were observed dur-
ing July 2003 and stations A4 and A13 were observed in
June and July 2004.

L

Table 1. Sampling date, cast name, time, locations and maximum attained depth of VPRII and plankton net for each

station. MOC: MOCNESS-1. NOR: Norpac net.

St. Date Cast Name Start time End time Location Attained depth (m)
oY1 July 21, 2003 VPR 7 8:30 11:06 40-30°N 143-30°E 508
July 21, 2003 NOR 12:42 15:14 40-30°N 143-30°E 500
oY2 July 23, 2003 VPR13 9:42 11:31 38-30°N 144-30°E 506
July 23,2003 MOC 12:31 13:51 38-30°N 144-30°E 500
IB1 July 25,2003 VPR18 9:37 11:26 37-10°N 142-00°E 504
July 25, 2003 MOC 12:31 13:51 37-10°N  142-00°E 500
Ad July 1, 2004 VPR20 8:42 11:14 42-15°N  145-08°E 500
June 30, 2004 NOR 12:13 14:14 42-15°N 145-08°E 500
Al3 June 29, 2004 VPR14 9:48 11:11 40-00°N 146-15°E 502
June 28, 2004 NOR 12:12 14:13 40-00°N 146-15°E 500
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LR, WEE, SO

(V-Fin Type 129, YSI Inc)IZ## L, FE500m» 525m &
T2kt CTHM L. VPRITEHE S -EGIERE L v
P—DF -2 HIIHT - FFr—TALEBLTURLT
YT A4 LIZEEER L7 ()INEA, 2006). VPRIIIZHE
WA N7zA A T131024%X1024 pixel DHECCD H X 7T,
A TRFIIEAXEZ 4mmizty b Lz (BEE B
0.04mm pixel™). F7=, BHFITRAEMRICHRE SN -HE
% B IAFEET (Teledyne RD Instruments Inc. OS38PA)
THRAEL AL 72,

VPRINZ & B BIRIOERT & 72 13E %12, R—EKIZE N
CT5v o bty MIKBREET-72(Table 1), 77
Y& b Y Fx vy bi&, MOCNESS-1 (BEEES 1m? 8 H g
0.35mm; Weibe ef al., 1985) XU/ 3y 2 % v MR
WAE Ay Yy — O THEEE THIEE T % 28R

NSy ZEy b (R 045m, FMBEIE035mm) #HEML,

F N F3125-100, 100-200, 200-250, 250-300, 300350, 350—
400, 400-450, 450-500mD §FEA LML 7=, Ak, BN
Iy 7 3oy MZid Ry PESPIZAF v v —RER
(Scanmar Inc. Depth Sensor HC4)%# B0 1}, HMHEEE % €
= U7 RBEERREYS% L5 K5 s L<
Y TRIEL .
VPRITF—2DBRB LTS b DA

VPRI AR T 5 —E D HIF A (Image Volume)id, i)l
IEDQO0SIZHE- TEIE L 72, WEERSF O & KE A 100 L
LOBEGEF -2 LTHERAL, ZORED Image Volume
1 1.9%107*m® & & - 7=. VPRIIDIEKEIX, VPRI EE
L7 % lomERICEGT -2 2 0FH L, Z0MHA
B (), P 7L —4 L — bQ41ps)d & U Image Vol-
ume ()& U =ME2»6RD 7=, 727 L, VPRIEAOE
EMEBR LR, 25mIRTIIE S EFREL SN
WAGEE SR ETCEEEIIRT B L EN7-8,
25~500mED F — & % FV 7=, VPRII TS X M7~ Hife
i, BiBFERY 7 by 27 (ThumsPlus 455, BV v P&
#— (BR) THEARL, ARTHEAILERS e Fas 7
BB LUOr L0 7 7 HOBEBRERER L. HEEOFREIC
PWEZe Va3 7r8E8LU0 v sy HOKRE 2T,
VPRI @Y 7 b+ ¥ = 7 (Visual Plankton)% F\»C H &5+
MWL, e Far I 7 Ei o0 TiZREFE®Bel diameter:
BD)& & X (Bell height: BHYR, 7 ¥ 5 7B D0 TIEEK
I&(Body width: BW) & f&&(Body length: BL)% HB)E AR R
MEME L7 (HINED, 2006). BOMFERE 572 F
vy 5B ROV I S HOEA, EE (X235
) BRI X NBRER, S KEL AN, BEiGE
MY 7 b+ = 7 (ImagePro Plus ver. 4.5, 75 % b u ¥ (#))
RO TIREIZ BB LRI 2 FHEHIL /2. MFO ARG
RS NG, RRERO—EL 2RI TR WVETRIT
AR S S L7z, HEFAZE 2SS, £
B (KR AohoniEald, £IE (KiE) B3 »r%

Lnve e UTEEL 7=,

MOCNESS-1 5 X U@/ LSy o2 2y P TEEL -
AEHE, FEEIR U TRA64ETHEIL, 77757 EE
FOHA 7 VHEDOEBEENET 572, RN, BR~A
U A — 8 —EREURFEMET Ty, 277578
KUK A 7 VHEHOR XIZB U T <05, 0.5-1, 1-2, 2-5, 5-10,
10-20, >20mm D 72D ¥ 4 XX 5312551, DEIBROEE
IZDOWTEHHIL 72, 72720, 297D 2mm TOH 4
ZIZDNTE, BRHERER - IHEIC &K D IEMER KR E SR
XN TOEWAREMN D & - 7z,

25 B XU v 5 5 5HIL, BD, BHE LK UBW, BL
25 EEERRIE M X B THRBAE L. 271, 2
5B EEED 128 L., K> LREEANR
WE# 1 EGE U TLIT OERE (Bailey et al., 1995)% H
WTHE L 7, ‘

2508 DW=0.045WW # LU C=0.015DW
2y Y575 DW=0.038WW ¥ &' C=0.004DW
72720, DW [ (CEE, WW [ IEEE, C | KFEETH 3.
TS5 bRy NCHREIN A4 7 U HHIZ, Kobari er
al. 2003)&E FIVCTIRRBICHE L=, 7 7 7O H R
FREE 4 7 VO H A ERE 13 Ikeda (1985)4 5 IF
BoRE AR L, WEEE 0.7 2 IREL TRBES 572,

w 2

i

2003 2B L 72 St. OY1, St. OY2 B L U¥st. JB1, 2004 44
BIHIL 72 St. A4, St. A3 D 100m B2 B B KBIE, Thi
7.6, 10.0, 4.5, 1.8, 1.9°C T, 100mED KR4 BV 7)1l &
(1972)D FLHEIZHE - T St. OY1, St. OY2 X 2 W) - #HElT
B, LIS O BT & FIWT & 7z (Fig. 2). 2003
FOPFIXNT NS 50~70m LIRICEFHER A FE L T
7o, BRI & B EHIE R TIE, St OY1, St. OY2, St.
IBI TENZFIS6, 36, 25m I KELBD iz, £z,
200~300m¥E TEA BN SRR 5z, dLKFERREK
(North Pacific Intermediate Water, NPIW) % 387 ¥z /[N % & 20
0,=26.6 LR & & #% (Yasuda, 1997)L 7234, St. OY1, St.
OY2, St. IB1 T 0,=266& & - 72 HE L, THhEh 129,
152, 96m T & - 7z (Fig. 2). 2004FE-DM ST & 50m LLEIC
EHERAFEL QA 2003 EDM TR TEL,
W PR & 7 - 72 REZIL St A4, St A13 TERF
N32, 1TmTH -7, F72, 200341 200 m BLEEIZIE M
INDSERSD B TS, 2004413 BB B S KH - 7.
St. Ad, St. A13 T 0,=26.6& - 2B E L, ThFhso,
86m & 2003 G DI FITEE T E A - 7= (Fig. 2). 20034,
2004 FNFTROBAFICH T ERBOFENIZ 02k LI T T,
BRI AR - B OSESMICKE AELIZERD bhik
Not.
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Figure 2. The vertical profile of water temperature, salinity and
fluorescence measured during each VPRI cast using the
CTD profiler mounted on VPRIL Solid bold lines show water
temperature, thin lines show salinity and dotted lines show
fluorescence. Straight dashed lines show the depth of
0,=26.6.

EFOVS5E 7277 5EORES T

VPRIITH/ LR Fu s 5748, 2225 57H0 10mE
Z & OB EDSRE 54 % Fig. 3178 L 7=, VPRIIT
AR AR T X 2R/ A ke Fu s s X s L0y
v P ETERNER0.7mm (St. JBI, VPR18), 0.7 mm (St.
A4, VPR20), B KH 4 T F N F 1 14.0mm (St. Al3,
VPR14), 18.4mm (St. Al13, VPRI TH - 7=. iz

730G rEE S L TR

T, 10mBOBEAFED ) B L CIEERZE(0)Z K9,
x+20 kD ERELEMBEE L > 2B EFHOBKE L EH
U, Fig. 3HICOFICRL7z, v Fus 378, 232035
FHEOWTNEWERIC K 5 SHE S MEEDEO PR LR
WENED 70, BHL 72 25-500m¥EIZ 36 ) TARER
BATERLE, e Fas 35X BoSmomKEE, B
NPIW DIEIE L Eh b 0,=266 K D RWEEIHER &,
NPIW LIRIZ MO KBIZERD b hkh -7z, St OY1D
500m UL, St. Al3 D 440-460m, St. A4D 150-180 m 3
TRIBELY EOEGE L 7= 5 K232 6 iz, BHERN
R E & - 72D St OY2 D 490-500m BT 0.35mgCm™> T
bHotz, 2 I FEOGMOBAREE, BEIL /225
500mEDNTIUZEERD S50, FRIZSt. OY2 TIENPIW L)
RIZLEBEL 2B AKERED N 2057 AREI,
FICHORESBAR L B> =REOE TIZEY bz, &
o I RADBEARDOBRAILSt AI3D3040mBIZHIT S
0.077mgCm > THh »7z. £z, vV 2575 ruay
5 PO SR & T 5 2L, St OY1 0 480490 m FE
PATIE— L h o7,

IS 5EOREES LUEHEKRE

VPRI CiEEk EN-EBED S 5, ¥4 JEEIBTETH -
RAYA R, e ¥us s rEBEO Y Yo I rHEME
NFN14.0mm, 184mm TH O, TR EDH A X, Kic
VPRI DAEF (43X 44 mm) % B A B AR, E§E2» 6 55EE
DIEERY A4 XFHRINTE o7z, F/2, e Fus sy
FOBFEN LD - 722004FED St. A4 L St A1312FBWT,
P4 XHOMBAKEEAVPRIE TSV 2 P v 3y P THE
BL-EZA, 10mmPl DS A4 T, VPRILE STV
2 b3y FTIRIFFE UAE & % - 72 (Fig. 4). —F, VPRI
SRR DOBIRA 6 2mm DUF T/ & A B H] BB A
B (HINER, 2005), 792 bV iy b DI
TIX VPRI DA EE BB - 7=(Fig. 4). 512, &Y
SHMIIVPRIA T T V& b vy MCERATENHES
BHZENE (HNNES, 2006), K 0EEEOEWY I
T, 0V 7y HOBRAEREHET 5720, 10mmblT
D tursHE, 22957 HEIEZVPRIDT — & %,
IommPl ko Fas s 7 H kU0 r v o 75 HEEY 4
ADEr XISV YRy bDOF -2 EHHEL
T, *y MREBZ LIy sy HOBRGELEH U 22 (Fig.
5).
BRERORERT LIZRES - 727 7 VY HOFWRTE
120.002~0.106 mgCm™ (P + EH#E{R 5 =0.03520.031,
n=40) OHEFIZH 7. 75 rHEOP TR s Sy
oS0 280088 »r-7. &0 7 7 HOBEAREL, St
OY1D 350400mfE, St. OY2D 200-250m &, 250-300FF,
St. JB1 D 450-500m B, St. AdD25-100mBTE<L, 7 ¥
2 ¥EIE, St A3 25-100m, 200-250m & & St. A4D
100200mETED 72, TS b v iy b DHEROA
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Figure 3. Carbon biomass (mgCm ) based vertical distribution of Hydromedusa (left panel) and Ctenophora (right
panel) estimated from VPRII images at every 10m depth. The circles denote the layers where the biomass is
greater than 2 times the standard deviation. Straight dashed lines show the depth of 6,=26.6 and dotted lines
show water temperature or salinity minimum depth.
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Figure 4. Size-frequency data for Hydromedusa abundance
measured with VPRII (VPR) and sampled by plankton net
(Net) for combined data from station A4 and A13 in 2004,

EFHOWTRES - 722 7 7 HOBFEII L, VPRILE T
TRy PRITOREREBOCTAME > -BHERD
i3 03~260 DHEFEIZH O, T 14.00F (FEUERE =438,
n=40) mr o7, A4 T VL, St A3 B XUSt A4 T
25-100mPDBEEDR DL B0 o728, FhUSNOBESE T
NPIWEBAN THRFENE -7, BRI T30 5 7R
HGEOAA T VERERIINT3HE12001~5.13% & &
D, WRLZBILIZEZRKRE, 72, 1% ek 7
DIE St. A13D 100-200m, 200-250m, 450-500m D & & &
St. A4D 100-200mfETH 1D, St. A4D 100-200m A3 & 5
Motz TNHEETNPIWEBWNIZHD, e Koy 5484
£ 0 I VRO KIE & —3 L 7 (Fig. 3).

25-500m it B A4 7T VEHOFERGFE, HEAER
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Figure 5. Carbon biomass (mgC m™>) based vertical distribution of Copepoda (left panel) and jellyfish (Cnidaria and
Ctenophora, right panel) estimated from VPRII images at every 10m depth. Copepoda biomass was estimated
from plankton net samples. Jellyfish biomass was estimated from VPRII images and plankton net samples, as
<10mm sized Hydromedusa and Ctenophora used for VPRII data, whereas the >10mm Hydromedusa and
Ctenophora and whole size Siphonophora were used for the plankton net data.

BEEVPRIBLUTI V2 by iy FOBR»S REDS -
7= 7 FEOFYBAE, HEEPREKE £ s TR
L7z(Table 2). #4 7 VHEDOHGFEIX77~148mgCm ™3,
2 X HOBREEIX0021~0063mgCm > & &, IAT
VEBRARIINT 50 7 S HEBAFEDHIAIZ02~07% T
Hotz, I VHEOBRGERIT, 25-500m TR LABAT
&R, B - BRI & O RIS K BER, 7
A7 VEOBEGFREOHBBERIEEED o har o7, 77
SEEO H REAER 3K E 13 0.003~0.006 mgCm > d™ ' & RE S
b, H4 7 VEOBMEEEREIINTS 2 7 7 HOHM
BRI SR E D E A3 1.5% (St. JB1) ~5.4% (St. AWD T

Hoiz.

zZ =

Roe et al.(1984)i3, ALHCAVEEHIZH W TEERFE b o —
L3yt DRMT1+8 (Baker et al., 1973)% Fvy, 600m DU
DSBIZO>WTe Fuy 7 7 EHOE S M2 BRICHZ -
TEEIZFAN72. Roe ef al. (1984) G Lz Fur 5y
¥ FER DO HEEZEE L Bouillon (1999433 L 7241
£EOMEEFIHL, AFEELFEUHETREREEL RS -
el A, B Fus 55D 600m UEDOBBOBFEIE
$0.002mgCm P EE & HEE X7z, Roe er al. (1984) 143K
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Table 2.

WNLESE, W, FlF 3K

Jellyfish biomass (B, mgCm™%) and food requirement (F, mgCm > d~!) estimated from VPRII images and

plankton net samples averaged over 25 to 500 m in the Oyasio and Transition region, and Copepoda biomass (B,

mgC m™3) and production (P, mgCm ™ d™') estimated from only plankton net samples.

Jellyfish
Station Area Copepoda Hydromedusa Siphonophora Ctenophora  Jellyfish total
B P B B B B F
(mgCm™>) (mgCm>d™") (10°mgCm™?) (10°’mgCm~>) (10°mgC m™) (10 mgCm™) (10 > mgCm>d™")
St. OY1 Transition 14.8 0.19 48.9 4.96 238 56.2 6.17
St. OY2 Transition 12.2 0.17 19.9 4.73 0.28 25.0 3.25
St. JB1 Oyashio 14.0 0.18 14.7 5.94 0.57 212 2.62
St. A4 Oyashio 7.67 0.11 38.8 13.1 3.12 55.0 5.74
At. A13 Oyashio 133 0.17 46.4 3.29 13.39 63.1 6.44

ERFCBHEL , R TE VAP BIZEEh w2
EEBLTNDR, AFERICET 2IRERZ & DOFIYH
HFRIZ0.035mgCm > ThH D, LHKEHEIZBTETF
M3y FMRERBRIIBRN—MZVHAFRERLEZ, —
B, EEON=Y YV ZEIZENT1990ER S 5 78
BFED 28 HE T B (Brodeur et al), 1999; 2002).
MRV T 5 A 7B D Peninsula ¥ Tid 1994 £ D HF
E2HYS0kgha ' B\, WA TIIBEFRELEML
T 72 1990 FRUT W THI 10kgha™ T B - 7=(Brodeur et
al., 2002). ZOMEEAHFR LR URETHREL 284, &
KT34mgCm™2 (WA TIL0.7mgCm™2) 2% T 5.
Brodeur et al. (1999; 2002)2%1 L =RFEIE 2 v N2V Fifd
HiEA38mm® b & — )L THRE SN KEID 7 5 78 %%t
REULZERRTH D2, AWIFETRL %2 25-500m D BT
B ($10~30mgCm™2, Table2) D /10FEETH - 7=.
—77, Remsen et al. (2004)i%, KT & FEMIZT 5 Vo
PRy NEBEROTI Ry —ERWT, A F
Y aABO100mED 10BIZE W TTFEMO LK ET -
72, TS5 b vEy¥ =L UTVPRI & IZEDEER R
BHMW, 70 vEERE L TEEHT 5 Shadow Image
Particle Profiling and Evaluation Recorder (SIPPER; Samson ef
al, 200D)HWE N7, 1HIRDADKERTH 55, SIP-
PERTEON7 XL v 2 Sy EOBERR T
VoMYA b EELTHI0MEE 5 > 72 (Remsen ef
al, 2004). REFETE, e ¥ s syrEE 7 55 HD
BRERIE, 25-500mDFEHTVPRIA TS 7 b v iy b
SRR 4EBEOENR SN, BEVEECERIX R
28, I s xy P EDEFEDZEIZAL T Rem-
sen et al 200 IFIFT—FH L -ERE o7z, b Fus S
FEBXCY VO 7 rEOMESHITE Tk < (Fig 3),
AREFFEIZB W T & KEEEDIRFEIL VPRIIAS G T 5 —
E DRI R (Image Volume)D B R4 & 8/NGFAl & 7 5 7]
REPEM & B (Benfield et al,, 1996). #-T, kDT 5 v &

2w MIK3 2 57 HOBRGROREG D &, EFIC
FHMUTWABRGFEDE TSI HIZKkEWEZEZ M, £
7o, RWIR T, REEANOIREIZ Bailey et al (19952571
L7225 7T 1.5~16.9% carbon of dry weight, 7 ¥ 2 5
¥ C 0.4~3.7% carbon of dry weight DB ERE D F/IME %
w7z, iz 2 7 %813 3% carbon of dry weight, 7 2
7 ¥RI3 1~5% carbon of dry weight (Parsons ef al., 1984), &
B0 E T 7 5 TIX 3~16% carbon of dry weight (Larson,
1986)a EA b 5. AR THO-BEREIL, hoRK
FRWEIGRIIBRAEFEND B REE 6h5. Thic
EBH 6T, AMRTRML -7 5V HOBRERIIHR
DWMEXID10FELUEELS, RO T5 2 by b
K BAERMBNMTH 572 Z L ARDTURL =B DL HE
maniz,

2 7 P HOBGFEPERORMED 105LLETH - 721
LBIbH ST, BHITHIRL 7204 7 VEOBRERIINT S
2 7 PHOBHEROBAITRARTS 5%I128 ¥4 (Fig. 5),
25-500m CEH L7222 7 7O HESERERES 74 7>
FHOHBAEFERE IR TN 5 72(Table 2). 5V o
b DaAIEEGH Ta S HEN (OSy F) BEREZIE
A3 A9 B (Lalli and Persons, 1997). HIBIZNHiT 5
DI, VYo IV ERREEILE > TAMEENEE S
& & & IZ(Mackie, 1985; Hunt and Lindsay, 1999), ¥ 574 7
ATIZEBBUTIE, 7500 Fy VRETIRALN
BT 5 O 5 A DR OK E (Bamstedt et al., 2003)% 2 &
27 7D —FETH B Bolinopsis infundibulum DIFERME_F12
Bt 5 LM DI (Toyokawa et al., 2003)2SEH & LTy
5. VPRUET TV o Fvhy b EQDEERY L RE
& 57225-500miZ BT B3 7 3 X AR FHRERDS
KAE I 0.063mgC m™ (St. A4)TH - 7253(Table 2), AL St.
A4TIE, 140-150mfBlcB TS Fu s S yYHERR
0.304mgCm 7 & 25-500mDEWHFRBONSHEE L,
110-120mEIC BT 52 > 2 5 7 MBI FEIX0.048mgCm ™
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BEE - BB I 5H, 7V 7 7 rEEES N L BEE

& 0-500mD 7 T SV HEROFHBAFTEEL ZIFELL ko
7=, O 7 DG MBARPEK ENERE TR, AR T
RFED - 7225-500mFEI BT % 2 7 7 5HO H EEEEE
KRELDSOIEEELAEL, ZORER, B LTHAELT
Wb EEZLND AT v (Toyokawa et al., 2003) D5
BHLOKRENWEEZ SN/, VPRI TIRIFIZE DBIR
53mmLEL O A4 7 VEEGEEE 258/ N & & B 7
B (HINED, 2006), EHEOMREEZ 5B/ A
TUHIIOWT, 735, vv o s rEOBREEERL
BAFEEL I0mEI OB GELRME LI N T
Ehhrolz, L L, ZBEBTIIELEE MAL & -8
BOETIZI Y o 7 rBOS s KERINET 2 HA41%
{(Fig. 2,3). ZDZ &35, v 073 75HOHE
BAMIO N BELE > TN I L ARB LD EELD
hrz, #-T, wBIcB 50378, v 055 HO%
O KIE & LMD 546 & BfRT B TTREMEA i & Higs
EN7z, VPRIIZ ImPL FOMMAZEB 2 r — L TT 7V
b VDGHERAIBIENTES D, 5%, #ATD
BB EHD L 5L LTHEREGEEARED L2 LT, MY
47 VHERBEN T & OBRIC O TR AT BEIC A B &
Zibohb.

Toyokawa et al. (2003)i%, AKWFFED st. A4 1T OEIERWT
M L 72 TEAE 100 mm B{ % D B. infundibulum O E A E &
209 m™S, HEEA 0mgCm PR > THD,
ZOBBEERIAME TR L2 Vo 3 XD 5RO KE
BT AEED3MmEE L -7, —TF, St AATHFED
B REAED 57z 140-150mBO . F oo 7 7 FEa{ERE
BHIL6THAEM S, 110-120mBO 7 ¥ & 5 rFEEEKE
JEZTSMEEm > TH D, Toyokawa et al. (2003)ERAIL 72
BEARKEE XD S -7z, RFE T, VPRIIOHE DR
F2 S 10mmPl LD Fuy 578, 7y o 7 idEN
M3 EL, 77907 Y3y POKREISEHAER
EFRME o7, L L, 7Y 73/ HiRATIEETE 75
VIV MIZKBBHENKRE W EE Z S N(Harbison et
al., 1978), Toyokawa et al. (2003)DHEED & 5 12 KRAEUEKR A
HENZBRL 72546, BEEDE/NHEDOREA X 51
KEL KB LHEREIN, '

277, BOEEE (RIS BEL I NE -
D), EWEERE) (MBI T 2 BRWICERANRT
FXBICIANERERE) , BOFENIC LSRR A TER X
h T B (Larson, 1986). & 512, FASLHZRMHL & OREHE
BIIEENEL & 5 &K T 5 % A3 (Childress et al., 1980),
2 7 T E D S vk & B (Thuesen and Childress,
1994). AMFADOKZABDOREL D EXEEOHF TE /&
WZ &, 7K E T 72 1keda (1985)Tid, 2 5754,
2 v 0 77O HBEREREIIRE L EADRREIC
EoTEATEZ L, CHICHEIFATRHEELBRFRD
BREPROONEIEr6ELZD L, 757 HOHME

PHESRBIIAME TR UL D BWAlgEERH D, 0
BAIZE, FRRRNOHELREVWEEL LN,

VPRI Tk, HEBCHEBEEOBEBRALLETOY A TDT
v N EERETEADI TR, KD, HlommBl E
DOREMERDOBAFE DRI U TIIRREF L B 2 & Fedfi
WaBEERZ . £, AMEEMRECEEIIE L T,
B/NEH & 7 B ATBEME DS & B (Benfield er al., 1996; H)INE
A, 2006). LA L, RFETCIEVPRIB LTS Vo b v
v MRATHLNZERARNT, KOHENEY ST
M, /Y0 3 VBOREREEEDREEE R T L LI,
WSRO FHRIZ & 28/ OERE 2 D TR L 2. 5%,
BAREIZ X3 BRENPEZREL YD, VPRIE T 7V
PV 3y POKIICHEOBHFEAMARDESLZ L
T, P&k, MRPRTSTH -T2 v VOB
TEASLIIERETREL 2 ZLATEERD, 75V
o b VERBRRPWEEROMBICER T 28 DLELHN
5.

E

ANEZEDBIZH720, ZFREBABBELHEL S -
THD A TT & o = KERANE £ v &4 —EEFHEME
EADHEIEI»FHBOERIHEEEXT S, 500
YOS - FHRC TN (B B RS
DOEFAER, HE—ER, 2578, vV 57 8HICHE
LCEL ODRRE W 2720 72 oK ERR 22 O B 1 | HEdk il
T b CICARICARR LS 2020k () KR
AT v 4 —OhHFEELICE#HT 5. KifRo—fik
BHOKEENEHERIE v Y = o MR e E RO
EEER DM L EREEEH TR ORRE ] o—&e L
Tirbhhi:.
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