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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

tiU&)C:

Oyashio and Transition zone off eastern Japan

Tadafumi IcHikAwA™!, Kyohei SEGawa? and Makoto TERAZAKI®

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 10 m 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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WL GHIINEA, 2006). ZDFER, 714 7 VD
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1). VPRITiZ CTD (Falmouth Scientific Inc. MCTD), %766
J&% &t (Seapoint Sensors Inc. SCF)#5 & UM &1 (Seapoint Sen-
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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 Al13 were observed in
June and July 2004.

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
JB1 July 25,2003 VPRI18 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
A4 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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(V-Fin Type 129, YSI Inc I L, ES00m~2 5 25m &
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Z I ZF M 25-100, 100200, 200-250, 250-300, 300-350, 350—
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WS S A E CERMEICRIT S LR N7,
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BD)& 5 & (Bell height: BH) %, 7 ¥ 27 7 7 FHIZ DWW TIE
l(Body width: BW) & fA R (Body length: BL)% H Bl R
Mo L= (HINEA, 2006). BVWAIFEAE 572 F
s I35 B L0 v I X EOLA, REE (72135
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AN, RERICIB U TR /64 THEIL, 2 778k
KON A 7 VOB L EHN AT 5 72, R, IR~ A
O° A — B = ERRE URFHER T Ty, 2 9y R
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10-20, >20mm®D 72D ¥ 4 XX 55 T, BEBO 2K
IZOWTCEHIL 72, 72720, 2 97D 2mmbll FDO YA
ZAZDWTUE, BHERAE - IUEIC & D IEfEZA K& 83K
XTI R B - 7z,

2 I 5B LU v 77 %HiE, BD, BHE L UPBW, BL
25 PEAERARIOE Pl X ¢ TREEFIR L. =720, &
S MHREARERED 128 L, (KEEH» 6 IRFBREAR
e % 1 &RE L TR T OIRRARE(Bailey et al., 1995)% FH
WL 72,

s DW=0.045WW ¥ &' C=0.015DW
oY 508 DW=0.038 WW ¥ K T° C=0.004 DW
727U, DW [ HZEHR, WW [ {iER, C I KEXETH 5.
T3V b ry NTHEXIR S 4 7 VHHIE, Kobari er
al. 2003)%& W TRFRICIF L 7=, 2 7 7 FH O H BER
FORE L 7 A 7 U SHO H L PE U I Tkeda (1985)7% & IFF
WA A FHEL L, PRIRshEE A 0.7 &N L CHRRES - 72,

R

B

2003 ALl L 72 St. OY1, St. OY2 %6 & UFSt. JB1, 2004 4F-12
BUHIL 72 St. A4, St. A13 D 100m RIS B KL, 2h 7
7.6, 10.0, 4.5, 1.8, 1.9°C T, 100mED KA 72 A
(1972)D FLHEIZGE > T St. OY1, St. OY2 iZ 5 - HmfiFe 17
Wk, 2 LM O W kT & I & 472 (Fig. 2). 2003
FOWPIZNT R G 50~70 m IR EHiERE A FEL T
7o MORERERNC K AEMIRE R TIE, St OY1, St. OY2, St.
JB1 CTZNZFH56, 36, 25m I KIEARD S, 77,
200~300 m ¥ T RN 23388 5 7z, LR ok
(North Pacific Intermediate Water, NPIW) % ok N & &
0,=26.6 LT & 7 # (Yasuda, 1997)L 72354, St. OY1, St.
0Y2, St. IB1 T 0,=26.6& %% - 723 L, ThZh 129,
152, 96m T & - 72 (Fig. 2). 2004 4D T & 50m BLi%iC
ZHERG FE L T 288, 2003 SO M IZ IR TEL
BT S MR A & 72 5 72 B I3 St. A4, St. AI3TERE
N32, 1TmTH -7z, F72, 2003413 200 m LI I 55 ik
INDFRED BT AY, 200441 KGO AR KA 5 7z,
St. A4, St. A13T 0,=26.6 & %% > = W% I3, THh <180,
86m & 2003 F- D P12 BT E A - 72 (Fig. 2). 2003 4F
2004 FENFHOMIEIZHE W T L EEOFIIZ 02kt LI F T,
U AR - B OFREAAIS K & B2 LIZR® 5 h s
"oz,
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Figure 2. The vertical profile of water temperature, salinity and
fluorescence measured during each VPRII cast using the
CTD profiler mounted on VPRII. 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.
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VPR14), 18.4mm (St. Al13, VPR14)TH - 7=. HHlEIZH 0

7 vy 7 SR

B & B

T, 10mBOBFEO I (x) I & OIEHER (o) & K
20k Db KELME LS T-BENAOMKARE L ER
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NPIW DL 2 i ORI 3280 S s 2 - 7=, St. OY1 D
5wmﬁﬁ,&AB@M&%M,&AMMwAmeﬁ
T 1L Lo L 720 ki KA & iz, BifrgED

k& 78 - 72D 1E St. 0Y2 D 490-500m fE T 0.35mgCm > T
botz. 2o T VOGN MOMKREIL, BIL 725~

500mEED VT AU G D 541, FFIZSt. OY2 TIENPIW L
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IZHEOEEE AR K & 7 - ZEEOE MIZRBO 6hz, o
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0.077mgCm 3 Th 7. /2, 2275 Fusy
T MDA & T 5 72 RE L, St. OY1 D 480490 m &
DS TIE—R Uk r 57z,
VI5BEOBREES JUEMEKRE
VPRII TRtk S Nl 5 5, 44 ZFHHAEETH -
KA, e vus sy L0 vy I 5B Z
NZN14.0mm, 184mmThH D, ZhLL EDOH A X, Fiic
VPRII DY (43 xX44 mm) % #8 2 2 EARIE, HEi{$2 5 5358k
DIEERY A4 X5HllATE 572, £/2, e Fur sy
MHOBAFED LD 5722004 F-D St. Ad & St. A13IZFH N T,
P A XHOMAEBZEE A VPRILE TSV 7 Y % v b T
BL7=EZA, 10mmPl EDOH 4 XTiE, VPRILE 7T v
2 bV 3oy b TIRIER UAE & 7 - 7= (Fig. 4). —J7, VPRI
EREIE D BIFR 2 © 2 mm DU T TN & 20 5 ol BEE A
s (HINED, 2005), 753V 2 Y %y b EDHIK
TiE VPRILOEAKCEE 23 7 - 72 (Fig. 4). 612
SAMIZVPRUA T T Vo bV Xy MR TE/NGEM I
mBHZENE (HINEAH, 2006), &EEEOENY S
TR, v o 7 rHOBUFREMET 5729, 10mmPLIT
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n=40) OHFAIZH >7=. I rfohcide Fas 557
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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 10 m depth. The circles denote the layers where the biomass is
greater than 2 times the standard deviation. Straight dashed lines show the depth of ¢,=26.6 and dotted lines
show water temperature or salinity minimum depth.
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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 10 m 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.

FEEVPRIB LV T TV 2 byt y POFER? S /REE 5
7o 7 RO BT R, H AR R G 2 R T i
L 7z(Table 2). # 4 7 Y JHOBAFRIE 7.7~14.8mgCm >,
2 5 M HOBAF I3 0.021~0.063mgCm & & D, #47T
VBRI T 5 2 7 S HBE R OB A130.2~0.7% T
Hotz. I FHOBTRIT, 25-500m TEH LA T
&R, S - BRI & O RilRIC K 2R, A
A7 VHOB R EOMEBBRIIEY Shsr o7z, 77
O H AR R B3 0.003~0.006 mgCm > d ™ & AL
SN, hA T VO HBAEREERE T 52 7 7O
FERMESR A D # A1 1.5% (St. JB1) ~5.4% (St. ADFIPHT

Ho7z.
zZ =

Roe et al (19841, AEHKMFEIC T EHEAHE v —
JL% b D RMTI1+8 (Baker ef al., 1973)% FHy, 600 m L%
DSKEIZOWTR Fa s Z rJHOE M A BRIc b5
TREINZEH 72, Roe ef al. (1984 Lz Fa sy 54
$6 O Rl 45 O f R B B FE & Bouillon (1999)23 45 U 7= 41%
EFHOMAEFIAL, KLU HETREREZ S -
e Z A, v Fuar Iy O 600m LR OB EIZ
#90.002mgC m > FEfE & HEE & 4172, Roe et al. (1984)i% £k
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Table 2.

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,
mgCm~?) 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™3) (mgCm3d™") (10 mgCm>) (10°mgCm™>) (10°mgC m?) (10 °mgCm~*) (10 >mgCm >*d")
St. OY1 Transition 14.8 0.19 48.9 4.96 2.38 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 21.2 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

HEIFZHEER L, B TEha0nlth 2HcEEh w2
ERFCI L TWB A, AFRICE T B EERE T & O
FE130.035mgCm > ThH Y, LHKEHICETET TV
7 b2y MERERRICRR S WBfFRE R L2, —
F, EEON=) YUz BT 1990 F R 2 5 75
A RO 208 W5 & Ty B (Brodeur et al., 1999; 2002).
WREIZEWNT T 2 775D Peninsula YK T 1994 4 O BLfF
Y S0kgha ' &k & E <, WA TIRBIFEAHEMUL
T 721990 AU F5 W THY 10kgha ! T & - 7= (Brodeur et
al., 2002). ZOEZEANZE L R CHRETHREL 2054, &
KT34mgCm™2 (AKX TIZ0.7mgCm™2) IZH%ST 5.
Brodeur et al. (1999; 2002)25/8 L 7z BifF &3 v F T ¥ Fifd
HilEA38mm D b 7 — )L CERE X N7z KD 7 5 7% % %t
ZE LR TH B2, AKWIFE TR L 7225-500m D BL{E
& (F10~30mgCm 2 Table 2) D I/10FEETH - 7=,
—75, Remsen et al. (2004)id, AWFELFEERIZT T v 2
YRy NEHBOTIV o NV —EHWT, 4%
2 aABEDO 100mLLIED 10 IZ B W TTFERO i & 17 -
72, T3V b v yH—& LTVPRIL & IZiCEREBE A
KHMN, 7o bvEESEE LU TIEET % Shadow Image
Particle Profiling and Evaluation Recorder (SIPPER; Samson et
al, 2000 VS Nz, THIFDOADRERTH 5 4, SIP-
PER TR 6N 3y b kU v o SV HOBGRIZT
T MYy bEKLTHI015% 2 5 72 (Remsen et
al., 2004). AfiffETe, e Fur sy s> o 578D
Bifiaid, 25-500m D FHTVPRIART TV 7 MV 1w b
ISR 145 B O FAUR S, BTG Rk 2 2
BN, 750 b3y b EDOBIFEDOEIZEI L TRem-
sen et al.2004) & FIE—H L 2R EKL 72, v Nus F
FREB XU V2 7 7 HOME SIS Tk < (Fig. 3),
A2 B0 T & RBMEADOBIGF R 12 VPRILASEC SR 5 —
E D I AT (Image Volume)D B fR 2> & 8/ NGTAl & 7 5 AT
BEMEA B % (Benfield ef al., 1996). Ht-> T, HEkDT 5 v o

Py MCKkB 2 I rHOBFRORRE D &, FEERIC
AL TOBBFROEFIIHIIKREVWEELO N, &
7o, RWIZETIE, IRFEREANDIEIZ Bailey et al. (19957571
L7227 7 7 ¥ T 1.5~16.9% carbon of dry weight, 7 > 27 7
P T 0.4~3.7% carbon of dry weight DRI D Fe/Mil &
W72, iz 2 5 7 $Hi3 3% carbon of dry weight, 7 ¥ 2 F
s ¥HIZ 1~5% carbon of dry weight (Parsons et al., 1984), &
LWL 7 7 TIE 3~16% carbon of dry weight (Larson,
1986)8 EWd 5. AWIRTHOWZHMEREIT, thoFR
EFHOGA BB EID S EE 6N, 2hic
LD ST, AWK THRIES - 727 7 VO BRIk
OHREL D 10E &L, EROTF V2 F vty MIS
K BAERI NG TH 5722 L A WD TRLIZED L
wmIhi.

2 7 OB REPEROMED 105 LTH - 721
LEDHES, BHTHIEEL 7204 7 VHOBIFRICH T 5
2 7 P OB ROEHIE ZRKTYE 5%I1238 E 3 (Fig. 5),
25-500m TV L 722 7 7O H PR EORE S 7 4 7 &
RO HBAER B IR TN E 2 5 72(Table 2). 77 V2
b Y DA ER T e SHEER Oy ) 2R E 21
AYY—12540§ 5 (Lalli and Persons, 1997). W25 703 %
I8, 2v o 7 SHIC K > TOMEE»EE S
& & & 12 (Mackie, 1985; Hunt and Lindsay, 1999), ¥ 7 % #
AFIZKBEWTIE, TV b ry METHRAGH
N2 T PR 53 AR O MK RE (Bamstedt er al., 2003)%° 2 &
27 5 rFAD—HiT & 5 Bolinopsis infundibulum O WRFESE_F1Z
151 B BN DI (Toyokawa et al., 2003) MM £ -uT oy
5. VPRIETZ V7 byt b edb iRy o B
& 5 7225-500miZ k3 % 7 5 HAEROFHBGRO R
KAEIE0.063mgC m™> (St. A4)Td - 7=/3(Table 2), [A] U St.
A4TIE, 140-150mEIc B Fu v 7 FBIfERIE
0.304 mgCm 3 & 25-500mDEHHTFRORN S E L,
110-120m BB 3 2 ¥ 2 J F MBI 12 0.048 mgCm ™3
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B BATHO 2 T 7R,

£ 0-500m D 7 7 rERO B E S IFIEF L G-
7o, 0 7 r ORI S M RE TIE, AR T
WRE 5 7225-500mEIc B0 5 2 5 7 500 H R AR
R XD EOEEENEL, TOMR, e LTHHELT
Wb EEILLENB KA 7 v (Toyokawa et al., 2003)\D 5
B LD KEWEEZ SN, VPRI CTIILE OB
5 3mm LN D A A 7 AR ECE B 3Nl & 25 B 7
W (HINEA, 2006), EEOREEZ 5h 5/ 5 A
TYRIZOWT, 275, Yo I r OSSR L
BATREZ I0mEZ E D PBAARERME SN T
Xhhotz, L, KETIZHNE WAL & - 2%
EDOE TFIZs v 2 7 7O il KRN BS540 %
(Fig.2,3). ZOZ &L 78, 2v 2 35 HOMi b
BIAEID NG ELE > TN ERBE L DEERDS
W7z, #t-T, MREIZB T 22 57, 22 575D
RO ARE & BHAEYI D 5347 & BIFR$ 5 nTREME A i & i
Eh7z. VPRINZ ImP FOMMAZEM A r—LT7 7 v
N VORAERABIENTED D, 5%, HATD
R EED 55 E L THIEEE 2 ED 5 2 &T, My
4 7 VRN & OBRICOW TS ATREIC 5 % &
ZEioNh5.

Toyokawa et al. (2003)i%, AHFZED St. A4 12T WPk T
BHIL 72 48 100 mm AT 5% D B. infundibulum O KR LU &
Z09ffAm™, BFREZ 70mgCm L AL > THD,
ZDBAGFRIIAMNIE TR L7227 ¥ 2 5 78D 5 An Dok g
B3k 03d @72, —JF, St AATHAFED
T RAB AFED 6 M7z 140-150mED & K v 2 5 7 aE ik
B 6. 7lAm T, 110-120mED 7 ¥ 2 5 7 JEER RS
375 Am>TH D, Toyokawa er al. (2003)A I L 7=
TARBERE LD & o7z, R TIE, VPRIDHE DR
B2 5 10mmEl Lo Fary 375, 7y o 5 7N
FHC A3 EEL, T2 NV Fy FOMELSBTE
ARFE -7 UL, 230 33K TE 75
Vb MK BHHENAKE W EF L S S (Harbison er
al., 1978), Toyokawa et al. (2003)D D & 5 12 KAUREA A
TENMAIER L 7254, BUFROB/NHEDORE 2 512
RKEL 5B g,

7 77T, EBOBEEE (KRICBELZ T L -0
D) EOCEARES) (BT 2 AR T
FRFENZIANERERD , SO K I 2 iR &
T B (Larson, 1986). & 512, FCHIRESH L & OAGHHH
ST E NEL %5 % & KT 9 % A3 (Childress ef al., 1980),
2 I TIEZE D 5 v & &N B (Thuesen and Childress,
1994). KRIF7EDRKFHD WS D IECHEDO P TE /&
WZ &, AR TH Wz Tkeda (1985) T, 2 J 75,
22 7 O H B ATRHEOR R ISR &R O R B /IS
Ko TENT AL, XHICHES A CIIBHE LBGFRD
WAEPRDENEZEN6BEZSE, 777 O

7Y 7RG & SR

FHECR R IIAMR TR LML D SR s D, 20
LA, EERNOEEE REVWEEL oM,

VPRII Cid, HEFRMRIGEEDORER2r L ETDOY A4 2D
v b EEETE S DT Trn, BRI, Biommll Lk
ORI D BUF RO PRI U TIHEF 0 HEIH 2 & $fy
WARER LN, 72, AL MROFERISE L TR,
/NG & 7 % ATREE A & B (Benfield ef al., 1996; Hilll1%
2, 2006). LU, KiFETIEVPRIB IO T IV 7 bV
Fy PATHLNEREHANT, K0RE LY 57
B, 7y 0 7V HOBAREEDOREMEEZ R T L L &I,
PERDFRIZ L B NGHTOME A2 S d THEML 2. 5%,
ANE & % BB EHARE S B8, VPRIE T T~
bV ay FOXIICEBOBIITFEAMAADES Z &
T, Kk, MRBAAHSTH Mg a T 72 b DBl
iz COICERHECRME 2 2L REE D, IV
7 b VERERRYEITROMRIZHMR T 58D E2 6N
5.

i

A AEED 2I2H 720, RFEHHICHAREHEEE -
THUD AT T & 5 2 KPERAWIZE & v & — e R
EROMRIEPFHMBOERICHEEL LTS, T b
YO - FHINC T 7m0 (B dErEE I gE e
DOIERBLER, &% &R, 2978, 7> 2 5758 IcE
LT < ORI E 72720 7= e BERIFZE I 0D 1) 15K feil
T 6 ICARICHERBR LS 20220 () KEER
AWzet Y 2 —OhHEE-LICE#T 5. Ao —i5iz
BRI SHE BT Y = o M R EE RO
ZEH BRI O fift B & RS 25 B Pl BT | O —BEE L
Tirbh .
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