UREY

FEM I, 56 %, H55/6 %5, p. 225-236, 2005

FEEKFEDED ATy THABRICAHELN S
MR RIEEHEOFHE(LLBERE

RREXR AL T )IERES

Akitomo Nakato, [sao Motoyama and Hodaka Kawahata (2005) Seasonal and latitudinal changes of
radiolarian sinking population in sediment trap samples from the central North Pacific. Bu//. Geol.
Surv. Japan, vol. 56(5/6), p.225 - 236, 5 figs., 2 tables.

Abstract: Fluxes of polycystine Radiolaria were examined to clarify temporal and regional variations
in production and percentage assemblages in relation to hydrographic conditions. Three time-series
sediment traps were deployed in the central North Pacific along 175°E for about one year, beginning
in June 1993. The trap sites were located in the subarctic, the transitional, and the subtropical water
masses.

Temporal fluxes of polycystines showed large variations during the experiment. In the subarc-
tic water mass, high polycystine fluxes were observed during summer to fall, while in the transitional
and subtropical regions any relationship was not seen between the polycystine fluxes and sea surface
temperature. High polycystine fluxes observed from the subarctic and transition zones can probably
be ascribed to high food availability. The polycystine annual mean flux through the experiment was
highest at the subarctic site, while that of the transition site was lower than that of the subtropical site.
This pattern does not parallel the latitudinal variation in the total mass, opal or organic matter fluxes
recorded from the same experiments.

The relative abundance of most of the families did not vary much during the experiment at each
site; i.e., polycystine faunal composition remains fairly stable in each oceanic climatic zone. This is
likely to be because most polycystine radiolarians are produced in the depths where there is little
seasonal environmental change. Latitudinal changes of total polycystine assemblages of the three
sites are clear. Plagiacanthidae dominate the assemblage from the subarctic site, and Actinommidae
become abundant in the assemblage from the transitional zone. No single family dominates the total
assemblage from the subtropical region. These faunal differences between the climatic zones prob-
ably relate to differences in temperature of the water at depths of 50-200 m where most polycystines
live. Consequently, the percentage abundance of sinking polycystine radiolarians retain a great deal
of environmental information on the water masses below the seasonal thermocline in each climatic
zone, but possibly do not record much information about seasonal oceanographic changes in the sur-
face layer above the seasonal thermocline.

Keywords: faunal composition, flux, North Pacific, planktic foraminifera, Radiolaria, sediment trap

2 F

ALK RS 35 0D 3D D I v S X, R ARSIk, i
ik, MBS IC B CRIBFIZ ) X 7z 3 Mo
Y XY - bT oy TDPolycystina H iR 7 7 v
ZATDOWTRRES U7z, diAbksds I NS A pE I 2
5. WSk & i BRI T IT R AR O B HiZ AL &
EEEOMICHEOREMR IR S A2 5 2.
Polycystina®# 7 5 v & 2 % WA X T ¢
% &, Mokl o d &<, AW KD Wi o

TEWMEERT. 2O ANDNEFIL, &FTF, A5
U, FEMO T 5y 2 ZOHSH O KRNBETRE —F L
Twan, fle OABNIZ B W IR L ~L O FEEHM
BACHAE B BHiZ b3 AL NS, FfEZEBEC T LA
RELTNDS, EL4OKBEXNTIEEHIZ(LIZZ L v
LW Z EiE, iR B IS FERHINAKRZEAL O R
EZTEVWAKRIZERL WS ZEIZLEEELZOHN
3. KK TR OF L ~OL O TR B P 58
WASEEW &7z, HidbMis T ik PlagiacanthidaeFl A3 5
L WL i Tl Actinommidae Bl O & 2B L, i

Y(kk) H B3 a4 oL 221 (Nikko Kensetsu Consultant, Ltd., 3-44-3, Iso, Urasoe, Okinawa 901-2132, Japan)
SRR B a BR BRI 22 R (Institute of Geoscience, University of Tsukuba, Tsukuba 305-8572, Japan) /B {5 28 48P

A2 E (Institute of Geology and Geoinformation, GSJ)

SR ZAIFEIT 22T (Ocean Research Institute, The University of Tokyo, 1-15-1, Minamidai, Nakanoku, Tokyo 164-8639, Japan)

/B TR IFZEE M (Institute of Geology and Geoinformation, GSJ)
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BUAP Ik CIIFRICEBIC R A RHEAL g, 2D &S
KRS EX B COMEDOMEF L EVIEZEZ 6 < K
DENDR—FNIZNT VB2 THAD. 72721,
TECHF R A s B IS L T W2 D3, FEHIE
WG IR D KBEDENT b - T, FEHWIE R LXK O
KEARKOFEHEH TEIENVEDEELLN S,

1.132C®IC

AR LB T B 2 R AR A S Bl i &
TIRIAL 734 L, EBEE L KE2» 581,000 m i< &
TRO, B4 LA REL SBREICHEHIEL TW5 Z L,
BIAS HHREMMICHwSshTw s (il 213,
Sancetta, 1978; Hays et al., 1989; Pisias et al., 1997) .
29 Ll BRIRM ORI L & 5 015 HOWmtIZE
JAEREENEERTH B I EnE, FEHLEEICH
LAL B EE L LA RE | B L & BEIZEAL
IZOWTHRERD LIS ELTWBRLEZATHD, K
T AL Ty TN D < R
DNWTHET 5.

VAV Ty UL, BEREREL TL DR
T (EV AV M) EHiE (T 9TF) LT, 200K
ERBRESHZHS 22T 5200 h RE¥EETH
D, 1970 U S h TG E 28D 5, 14
1 EORBEBM I 13 ~ 25701 L 72508 (25 47T
1 aURE 238y 2 0 5r) Al U CIEE S 2 Z & A nThE
TdH 5 (BHERHAERMFS, 1993) . WA 2B L <
ETCEURAV DL - b Ty TITHiE SN 2WE L, A%
YR g i 7 & QWA & B AR IR A 5 WD
5 EDMKRERE T KINKE THRATHE., 2055
BB L TiE, R, BOEE, REE, T
S a R EORERE OB, BOMREEERE
stz & % < OEBZN AR/ 22 EhTn
% (fl #1¥ Takahashi, 1983, 1987, 1991, 1997;
Takahashi and Honjo, 1983) .

ZOXS5122 YAV b - b Ty ATk BN
HOERE N - HEF AT RICE > THEI A FIETH
5. AW TIX 1993 ~ 1994 412 H 1) TAL A FEHEh 6
DRI EMR LICHBE S N3O 2 v k- b
T TITHifE & N2z vk + & T, Bk o 45
P& TEEEH A D FEFIZE B & AEE LD W& B 5 2 (C
5. % U CHECRBEE ISR & N BB ac
DNWTHEREMAS. Tho6DEI AV - b Ty T
FRIREIC 3 D DR (g, Witsar, M)
ICFENEFNRBEINZEDTHY, Br b5 MBEXTD
JRH R o I R ) 22 RV I 72 2850 & P 5 DI L 7= 5%
&Mz T3,

2. ABEFH &

b Ty TOFRERTIL, £ 5 M58 (46°07°N, 175°
01'E, K& 1,412 m) , M7 (37°24'N, 174°56'E, XK
%1,482m), Msi6 (30°00'N, 174°59'E, K& 3,873
m) ThHH GE1X), FREHHITYTNE 1993446 H
PERIERTH S (551,2K). £+ I 9T Hho 7
&, EREAKOMEEEBAKIZIES RS YA (pH>8) &
AILLTILT R (3%) BN L7728 DMZEh T
Wz, [\ XYy TR PR ETEIZR2
~4 CTHhEREF I, Z20%, BHE 1 mm Dl E
DR FHFO 2RI 2 7Y v 2 =12k D 1657 H]
SN, 205DV EDHRIREH I E TN, 16
BO1TEMRBE,R LT E 2G4 ICHEIL .
S0V EHNTE ym P EOR 2T E# ML, Zh
AR RAKREIE®R T ) —= v 7 LTHE L
To. BREFHR O 2R EERE AW T A Y T L Y
74— (LI 0.45 pm, EE25 mm) RIZES
B, HRWEBEBZLIZZSA FH I 2 LIZEWNTNILY 4
EHOTEALZ, FBE - SHBICIIOAAYsa s %
w7z, 72720 M8 DRI DWW TIEfLEE 355 um
DEDNEHNTY A X 5E %47, 63 ~355 pm D
KEDAZ A4 FE355 m~1mmDKEDZ T4 %
TR L (1K),

JxE RO 5 B AR TIEHERERICba & LT
fRTF N9\ PolycystinaH # R & L7z, ko
1 ¢ % Phaeodaria H & Acantharia HIZIZEAEDH S
WIEFE S LA E LTERIELAEVD T, —IC R
it Wil Polycystina HOZ & 2467,
Polycystina H I3 Spumellaria i H & Nassellaria i H (2
Ao, AMETIEZAEL ZFICFL AL IZER L
TEHEL 7.

JREHUII TR 2 <, BUEREEIZ 500 fEIZ ¢ &L
SbhTws. ffilz13, Takahashi (1991) % 3 gD
YAV b Ty T h 5 Polycystina H #9360 0 4540
Bt & Phaeodaria H 60 O3 FHEED A&l 420 70 FARE %
WELTWND. LEd - T, K5 TR =&
XOWEZ3MEDOELY AV - b Ty Th5 EHE
T 300 ~ 400 FEEOFd - FFEAPEMR T EE DL P
N7z, TO LS B KREMOEREIEL, JITERFHEL -
flfEETARTTH LWL, 23T, &XxnMHE
I OWTREETV, ZOHT, REHMICEHE AZE
WERT 7L — 7% B TR ERDAAZRIC,
R TORFTNEITLES EE LTS, OF
D, RWIFEO M [HAIR 2 =HiME 2 8 3 & R JH T
IN—TDORMD | ERHTED, ZLT,RDAT v
TTCIE [BEEINEGRYFER L — TN TOML X
AOWKE| NEFEIZES20EEbhbE. ZLAED
(6256 ABTO) KERMIZ T, 100 % 3 fEo H
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FAK YAV b Ty TR & IRERE OGS,
Fig. 1 Index map showing location of sediment trap sites and hydrography of the upper layer of the North Pacific Ocean.
1k PES8DY YT Z b, R EIR, KU Polycystina H HECROGHHIEAE E 75 v 2 X,
Table 1 Sample list, sample division, number of polycystine shells counted and estimated fluxes of polycystines of Site 8.
Sample Trap cup Duration 0.063-0.355 mm size 0.355-1 mm size Total polycystine
Open Close (days) Division Polycystines Division Polycystines flux
counted counted (shells m™ day™)
Site 8
ET106 16 Jun.93 30 Jun.93 15 64 563 16 41 4892
ET107 1 Jul.93 31 Jul.93 31 256 580 64 47 9773
ET108 1 Aug.93 31 Aug.93 31 256 461 64 110 8068
ET109 1 Sep.93 30 Sep.93 30 256 819 64 213 14886
ETI110 1 Oct.93 31 Oct.93 31 256 846 64 43 14150
ET111 1 Nov.93 30 Nov.93 30 256 531 64 193 9886
ET112 1 Dec.93 15 Dec.93 15 64 778 16 434 7565
ET113 16 Dec.93 31 Dec.93 16 32 914 16 231 4118
ET114 1 Jan.94 15 Jan.94 15 32 875 16 86 3917
ET115 16 Jan.94 31 Jan.94 16 16 1367 16 61 2856
ET116 1 Feb.94 15 Feb.94 15 32 857 16 58 3780
ET117 16 Feb.94 28 Feb.94 13 32 629 16 82 3298
ET118 1 Mar.94 15 Mar.94 15 64 403 16 122 3699
ET119 16 Mar.94 31 Mar.94 16 64 174 16 19 1430
ET120 1 Apr.94 15 Apr.94 15 64 286 16 86 2624
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Fok WH7TEHE6eDH YT 2 b, GBS EI%, KU Polycystina H B HROFHHEKLK E 7 5w 7 X,

Table 2 Sample list, sample division, number of polycystine shells counted and estimated fluxes of polycystines of Sites 7 and 6.

Sample Trap cup Duration 0.063-1 mm size Total polycystine
Open Close (days) Division Polycystines flux
counted (shells m? day™)
Site 7
ET64 1 Jun.93 15 Jun.93 15 64 804 6861
ET65 16 Jun.93 30 Jun.93 15 64 717 6118
ET66 1 Jul.93 15 Jul.93 15 32 1005 4288
ET67 16 Jul.93 31 Jul.93 16 32 781 3124
ET68 1 Aug.93 15 Aug.93 15 32 754 3217
ET69 16 Aug.93 31 Aug.93 16 64 889 7112
ET70 1 Sep.93 15 Sep.93 15 32 998 4258
ET71 16 Sep.93 30 Sep.93 15 16 1581 3373
ET72 1 Oct.93 15 Oct.93 15 16 276 589
ET73 16 Oct.93 31 Oct.93 16 32 1113 4452
ET74 1 Nov.93 15 Nov.93 15 32 1921 8196
ET75 16 Nov.93 30 Nov.93 15 32 1581 6746
ET76 1 Dec.93 15 Dec.93 15 32 1523 6498
ET77 16 Dec.93 31 Dec.93 16 32 857 3428
ET78 1 Jan.94 15 Jan.94 15 16 595 1269
ET79 16 Jan.94 31 Jan.94 16 16 1022 2044
ET80 1 Feb.94 15 Feb.94 15 16 1428 3046
ETS81 16 Feb.94 28 Feb.94 13 16 1370 3372
ETS82 1 Mar.94 15 Mar.94 15 32 767 3273
ET83 16 Mar.94 31 Mar.94 16 64 962 7696
ET84 1 Apr.94 9 Apr.94 9 32 435 3093
Site 6
ET43 16 Jun.93 30 Jun.93 15 8 3519 3754
ET44 1 Jul.93 31 Jul.93 31 32 2735 5646
ET45 1 Aug.93 31 Aug.93 31 32 2570 5306
ET46 1 Sep.93 30 Sep.93 30 32 2226 4749
ET47 1 Oct.93 31 Oct.93 31 32 1460 3014
ET48 1 Nov.93 30 Nov.93 30 32 2066 4407
ET49 1 Dec.93 15 Dec.93 15 32 1350 5760
ET50 16 Dec.93 31 Dec.93 16 32 2756 11024
ET51 1 Jan.94 15 Jan.94 15 32 1451 6191
ET52 16 Jan.94 31 Jan.94 16 16 4936 9872
ET53 1 Feb.94 15 Feb.94 15 32 1409 6012
ET54 16 Feb.94 28 Feb.94 13 32 1531 7537
ET55 1 Mar.94 15 Mar.94 15 32 1543 6583
ET56 16 Mar.94 31 Mar.94 16 16 2057 4114
ET57 1 Apr.94 15 Apr.94 15 16 2398 5116
ET58 16 Apr.94 30 Apr.94 15 16 2446 5218
ET59 1 May.94 15 May.9%4 15 16 663 1414
ET60 16 May.94 31 May.94 16 16 463 926

TROENEFDOF — 2 LRSI h Tk, 2L T,
ZThooifzE ik, IRohf] ZBSEUER, [ &
KEoh7f] Tho720 [HELRTWE] Th-
20 [FERHEAESWHE] Tho720ATHD, [
Ehah =08 I2OonTRMDF— 28 REh
BV (AERREE 5700, ML o &E»D 7%k
Mol BN Ek\N) OREHITH 5.
RL BRI, BB S8 — Y 2L LSS 5720
12, BALPORUEEZR T T, FET 5MEE2ENT S

DEPEIZEHE N TS, AU TIE TRETXEFO
| OFEUEE | FaRo K51 [ & =i 2R3
R (RIL L) [ L7z, 2O &9 @Rk,
BIINED 5 208N OWTEREE IS
MEDORELT — 41y P ERMET L2812, EIX
N> HHEFATE L2V EMAd 5 &8
bhd. WRIZASZH, RO EDHFHD % < 1%, Hik
O TABW R 28 E <, BRO [ TRE 512K
ML T3 EiFE0nEinzd, BL XL TORTE % E
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HERAEA PR B R R R A DO A L LA 22 AL (Th 1)

AT BT EIENEETH - 7.

BHL XL 53 513 KL AR 12 Riedel and Sanfilippo
(197724t - 72, Actinommidae Ft & Coccodiscidae
fHZ Sanfilippo and Riedel (1980) DEFHKIC
PlagiacanthidaeFliZPetrushevskaya (1971a) D & # 12
HEU 7=, 7z72 U [E@ DRI & D, Phacodiscidae,
Spongodiscidae, Pyloniidae, Litheliidae , Tholoniidae
O5 @YU IcXyTcEnroz2®Hother
Spumellaria (Z—%5 L, [A#kIZ Carpocaniidae,
Artostrobiidae, Cannobotrythidae ® 3 FHi& other
NassellarialZ—#5 L 7=, #EHIZ, Ths 0RO LD
ZEAFEL B a5, BRPHEHDOKEIZE
HIEWbo L7z, BEBRDT7 7 v o2 A (AL
B R LS BT T R A& BB % i shells m? day?) &,
Z 74 P OFHHME AR, SORN B, iR E o R
% (0.5m?) & HEHKAZERL THAL 2.

3. BEENER

R ILA TR B KL, S RS R IR
TS A L, diCR TR (RROEAFATR) & FRmIATHER 1S
Ko T3 DD KE AR CACKRI, Wiftsarig, ol 2
) Xy Ens GELX). mACRuiHid 41 ~ 44
JERHES, BRI AL 3 LS EICRIE ST 5. &AM
MAEEWVICIEEEN RN, ZOERLERANDOMEET
RO & IE N S BRI I Z o Bt o AL
L - PR @SN by e Y DR O P

KL TIE &g AKHR (SST) & U THN - fir 2 B it %
& LIS LT, MERE 1 X 1 E OV KRET — 4
% Ity % (Reynolds and Smith, 1994). & 7=, Levitus
and Boyer (1994) O&E 0 m 7 5 300 m £ TOKIR
AR ABIH U 72, Bl S i Wb & L, R
MmO KB AKIRIE3.6 CHh 511.8 'CE TEIL L (552A-
cX) , 8HIZHm AL & D 1~4 AR KEIRE L 72,
ME 73 WR A R A E U R R o R KRR 12 1
~234CTH-7 (FH2B-cK). KhKiixzs Hiz
KT, 2A”54HFTiF12~13 °c0)>li<ﬁ§fﬁfﬁ%nf:.
W A6 13 TR B B IS A7 U AR B TR o0 &R K iR1317.9
~27.1°CT (F2CcX), TARS9IFIZRFT26C
AittEE<, 1~4H1318~20 CEREL Tz, &
JE300 mIZRAL T, WTFhoBIFIZHEWTE 7~11
Ho MBI, KB 30 ~ 60 m {312 Z /i K RE 2 83
L, ZAFTITIIWHAT S (58 2A-d, 2B-d, 2C-d ).

AWETIE I NS DORBAKROZEHIZHED T, i
HO [FE| 2 TFTOL>CRS Lz Thbb, &
FFAHA%E2 T HEEZ COFREY, BT H#%
F25 10 it £ coEmM, MEZ10H%E»51
ARl comEl, £#FF1IA%E» 64 A0EET
DR TH 5.

4.8 R

e & N B R O IRFFIRTE X 3 D DM DV
NORFHZBWTE R TH 572, B2 T I 7
NOMKEIZ 1T B PolycystinaH 7 7 v 7 2 D ZEHiZ H)
A A b2 T LTHR LK. Polycystina H BHH D KB
4y DAEARIZ KGO0 ~300 miZA: B L Ty 5 (Petrushevskaya,
1971b; Kling, 1979). Z 2T, K#0~300 m iz
DMEROEBREE b7 o FICHEIh e 0
M, PRRERER 2 ORI 22 $ N e 5. ik
D Pk 12D\ Tk Takahashi (1997) 12 & 9D 175
~200m day'& X5, ZOUEREHE &RV B &k
HidZz 0%, KHE1,400 mIZE TEIEFT 2DIZ7~8
H, K#3,800mFTTIX19~22HMHEEE L SN
%. %72, Takahashi (1983) # & & 12RO 111
BIFma2~6ABE L, ThboaEEL - LTARE
IREF & BREEIRE I O I 25 & I 8 (KPR 1,412 m) & Ml
M7 OKE1,482m) Tl 1 2 H, M6 (KE3,873 m)
TR 1 AAHPEHELZ, F2XTIE, Th6 DMk
HEZZR LT, 12HZ2ZE12AF0Fh%sRL
TERRLTHD. DT, FFHUHTEIITTI VR
& BRHERDL O FEH 2L IS DN TH RS,

B 8 : PolycystinaH7 7 v & 212 8 HIZ®R KM
14,886 shells m? day! %, 2 H# P12 IKiE 1,430
shells m?day! Z/~rL, 6 H» 5 11 HRTEIZH» 0 TF
WiEAR U2 (BB1&, F2A-alX). FHA@EL T
Spumellaria #fi H 1} X THX 12 Nassellaria #f H A
%<, EOKMIZ % Nassellaria #fi H 7% Polycystina H
RO T70% & 5B (F2AbIX). ZDOH TR
Plagiacanthidae £} %% < , Z #7213 T Nassellaria ifi
HoD#70% % 5% % . Porodiscidae #1437 A 24
D EBRTIE, FIL L ORERDRICIE S £ 0 B A
LR 5k,

Hy 7 : Polycystina 7 7 » 7 Z O @ HIRZ 5 H i
F, 7THZE, 10 HaiE~ 11 Aai¥, 2 A%FICED
5, mAfE 8,196 shells m? day™ & 10 H i1
7o (BE24&%, H2B-alXl). 9 HEi-¥IC mlkdib 589 shells

m? day? #78 L7z, Spumellaria i H & Nassellaria if
HoOWHEIZFEMAZB L Th £ DAL F, Nassellaria
ﬁﬁ@ﬁﬁ‘ < Polycystina H ® 50 ~ 60% % 58 Ty

% ($2B-b[Xl). HHEMK TIX, other Spumellaria #°
6 ~8HIIAKL12~3 HIZZL K 5Em% & DE»
3, Fhy XL THE S FEHELITRO Sk,

M 6 : Polycystina H 7 7 v 7 213 4 HEi¥E 12 IR{L
926 shells m2day'Z/~n L, 11 H~1 HIZE iz
&5, 11 HAi I Afif 11,024 shells m? day! %/ L
7= (552% , 552C-alXl) . Nassellariaiffi H & Spumellaria
WHOHEMIIZIERLCTH D, FREZBC TLRELT
W3 (E2Ch ). FlL LSRR A8 T
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R LA RE D B e b e 8 D A L e AR 22 AL (Th 1)

TIEEF-ETDH D,

5. % %

PLEIZE D, PolycystinaH 7 7 v 2 213320 ED
WIS I W TG FEHICZAT 225, MK AE = MM i
DREXRZNS ABNBRHNEISIZ L > THWIC
b Z NN hb. %72, Polycystina H ORI L ~L
DOFHEMRIZEDMAIZB T E & £ ) B/MMIZZE(L
LinZ &, Lo LIS TIZHICER L3 Z & 25
AENE. DUTOERTEIDEI BT Ty AL
HEHR OB 2224 S 2 — v L ZOEIZOVWTH
[

51 799U

75 v 2 AOEHES  HALHEIKAO ML 8 T,
PolycystinaH 7 5 v 7 Z X EiRAOEZ 12 & < AR
DAFIMCMEE R L, KEKEOZMIZR S FRHFL
TWBE3I2Az2% (B2AalX). WiEREOWETEEE
B3 T S v oK, Fotlm T 5
VIOLMVDTI-LD%, BIZBhAZ ENMENT
1% (Bogorov, 1958). — iy g E T LI
FL, FTELOMICHHEREICHNG & h- s
WAMAL CHHOM KT 2RI T 52 VD
T =AW, RICENIZKDERE I NG
DUWERISVEM L, Z OEIEERY (F 72 3B A
MAENMBATZNF ) TOES L E-3W ) &M
HALTET 707 b YBT3, &0 S AT
VL TWbEEbh T3 (574 b, 1990). Hlk8D
M7 792 21E6~7HIZHEKL (BB2A-alX;
Eguchi et al., 1999) , PolycystinaH 7 5 v 7 2138~
IHIZE =2 &2F>0T, Zhs 0BT — 2 13
HEREZEFALLLDTFPIICLLSFALTNDEEE LS.
Z OB, WA 8IZF (T B Polycystina H D EFD
AREMEoE g, BEKEO LROBEEN BT
LT, AMBGREOMMOMETHILELONS.
Wik O W 7 TIE R AR D FEHZAL & 4 Pk
ORNZIF—EDOBEMIZ AL N - 72 (5E2B-alXl) .
ZoMgTiEs A, 7 A%, 10 Harf~ 11 A

P, 2 H# Yo 410, Polycystina H 7 5 v 27 Z{E D fi
KR ENE, Tabb, K32 HIZ1IEDEAET
Kk AE N, ZOAMBIZH/NSBE TS, Eguchi et
al. (1999) IZ&ktFHE7TOEHM 7 5 v 2 21E5A
B THBY, 10 HAiE, 2 A B ki kit z & > (58
2B-alXl). ZhERTAS L, PolycystinaH 7 5 v
2D AROY =2 ZHEMT T v 2 2 LAZIERIRH]
BT TWS, Lant>T, —XRAEFEDOR KIZHGL
TR AL T30 ELZI6NS.

M6 Tid, PolycystinaHD 77 w2 2%, %0
HE TR WA FRHOESR (6 H) & uRo Rk
(M0 H#%F~12H) <ik2d 0, wEAmH (9H)
IR BHBYE~4H) ISR BNh Tnd Ko I
ARAiB., L2LAENS 6HDOMAITIHELIZWVA LWL
U, 1~3HOEAKRIIZT 5 v 27 2520 e n
Z 7\, Eguchi et al. (1999) 12 X iF Ml 6 DEH
WMo 7y o ZLFEMENLRT 7 v 7 2O KWIEZE
HiAKERE P EET S 1 ~3 I ohTnd (5
2C-alXl). PolycystinaH 7 7 v 7 Z D8 -kH] (10 H#%
F~12H) FZhICEITLTHATE D, FHARRE
JEDW IR —REEDO K EEEHE DTS2 LT
T, LA A OM/NERROTH M &8 U THIKR
MRELIEREERE > TONDEARALZNENE L,

Piboksic, Blis8 ik, A7 5 v 2 2 Lk
BMR7 77 2DEOBMRIT, WHEARETTILTH
Blcxsd., LaL,Mllpi7efllmen g — v &t
EEFLICKDHMT LML, 2hicfb b
ETACE LY 72D A,

77y 2 ADBEEAL  FAH D Polycystina H 7
7w 7 20O, W8 THREE <, W62 %
ki x, WM 7 CREMEHr -7 (FE3AX). Kiff%k
ERUC Ty 7B (Rl—M, F—AK%E, [F—HIR)
% Fvy 7z Kawahata et al. (1998) , Eguchi et al. (1999)
K U*Kawahata (2002) OWf7EIc & % &, O A5
M7 5922, F8=L7 592 2 ROTEGEEA LR
77y 23T NEUES TR EE L, W7 T
Ofi, P 6 TREMMNMEL 5> Tnd, ZOAIE
WAL IR 3w R TR R <, WAV IIE R
S T RETE DB &0 D — R A MRS MR

«—

52 Polycystina 7 7 v 2 2 (B 2 "5 L) L4G8WM7 5 v 2 2 (Eguchi etal., 1999) (a), &7 RBEEMEHIK (b),
#FE0om A (c) (Reynolds and Smith, 1994) , 2J& 0 ~ 300 m 7K (d) (Levitus and Boyer, 1994) D Z=fiZE{l.

Fig. 2 Seasonal variations in (a) the total polycystine flux (histogram) and the organic matter flux (Eguchi ez @/, 1999), (b) family composi-
tion of Polycystine radiolarians, (c) sea surface temperature (Reynolds and Smith, 1994), and (d) thermal structure of the upper 300 m
of the ocean (Levitus and Boyer, 1994). Note that a one and half-month (Site 6) or a one-month correction (Sites 7 and 8) has been
implemented to minimize the time lag between specimens’ production and deposition. Temporal fluxes of polycystines show large
variations during the experiment. In the subarctic water mass (Site 8), high polycystine fluxes were observed during summer to fall.
This is consistent with general knowledge of marine ecology (Tait, 1990): zooplankton achieve a maximum in summer in the subpolar
oceans that coincides with an increase of dissolved organic matter in the upper layer of the ocean. In the transitional zone (Site 7),
polycystine fluxes show four maxima that closely correlate to the maxima of organic matter fluxes (Eguchi ez @/, 1999). In the
subtropical region (Site 6), polycystine fluxes show little correlation with either sea surface temperature or organic matter fluxes.

Percentage abundance does not show seasonal changes.
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Site 8 Site 7 Site 6

%3 Polycystina BRI -7 7w 2

® o X A () & RESEAIER DS ZAL (B).
80007 [ 200 [180 [ 15, Kawahata (2002) 1= & % Ak 1
Organic matter < 7790, AN=ILT Ty T2
6000 L 150 g &U\ﬁ*&%7-_j ‘772%)7(\“@_ (A)-
xT otal g . . .
= F100 |- 10 = Fig. 3 Comparison of annual polycystine
2y 58 fluxes (histogram in A) and t-
£ Loood g3 gr: percen
2 £ 4000 Opal \S\ [ 100 ‘g T age faunal composition (B) of the
= Ea \\A | .| & 2 three sites. Total mass, opal and or-
© 2 5001 ~o L 50 ors g~ ganic matter fluxes (from Kawahata,
\@ °] 2002) are also shown. The polycystine
— | g flux is higher at Sit(.e 6 than at .Sit_e 7
0 X ol oL o F and therefore the latitudinal variation
of the polycystine flux does not par-
(B) allel those of the other fluxes shown.
100 - The lower Figure shows apparent
:OOO( E 900( other Spumellaria latitudinal changes in polycystine
8 804 5 Soccediscidas assemblages. The total assemblage
g s _ ) from the subarctic site is dominated
o g Actinommidae . . .
S s0d kTt by Plagiacanthidae, with very few
] .\:a.:..:,.: = z Collosphaeridae Collosphaeridae, Coccodiscidae
> A Farare 4 other! @ or Pterocorythidae. Actinommidae
S 404 paaa aa A A aa A Plagiacanthidae P
£ RRICR AT s PRPAPAPY are abundant in the assemblage from
g A e V 7 /A Theoperidae the transitional zone. No single family
a 27 7 i . dominates the assemblage from the
erocorythidae bropical )
. ] Spyrida subtropical region.
46° 07'N 37°24'N 30°00'N

IZRAT5EDENWE 5. £ ZAM, PolycystinaH 7
7y o ZAFM A7 (GRS IR) K0 & M6 (O & ik)
DHFTRRELLE->TWVWS (FE3AK). ZThid
Polycystina H 0 A2 i A3 1l B FUR E%I F600 T & i
B R » Zh Y B RTH BT L BB L
TWwd., Z0Zkid, BA2BHEICENT,
PolycystinaH 7 5 v 27 2 D K/NMIAEWARENED K/ &
MFTLIEFAT A2 DT TIEANWT &, ZhO 2L HEREY
O A ECR O B RO RIS IE —EOEE &2 HY
5ZLEBIKLTWS,

5.2 BEEHMEMK

BEMBROZHED 3 >OMEO VT RIZENT
&, FEIC &> TEHALSER (FH) 2AWEDS &
S BBRIE AL NT, M C THEREMK I
DLARELTNS (F2H). ZOREMHIIHUE6T
RLMETHS. 3200 ThOUMIZHENTE  &KF
0 m OFEFHMARBEALBTFEMBIT K & B PEE2 RIT
LT3 LA LW, 2720, i 2
B3 &, M5 7O other Spumellaria ® K& 9 12 % E i
WIZEB B LSICRAZ DL S 5.

ZZTC, HEOFHEH VAR THEINE I
AT B, AT Y OIEMMEBRE A FWT
YINT ANy IREERIT o 72, BV ORI & FEHl
e L, #%ib§ 2K MEDOFEHOREEMK (55 3B X)
% WIRRE & E U CHEAKRUEEQ.0S TIE D H &% L
FEE - 72, Frofx s O KN D NERT A3 # 0 [ TFE

PIU T2 ICHBEREAEL 5%, BREDHR,3
WERDOFTRTORETHERME LD & EEAHE S N
(FBAX). $Txbb, FEHME HFEIE IS T
bHBEVD RS FN S, WEOBICIZEET
N OEPMERTFHET I EALYES, DLEVWHE
i BE, HlE7Oother Spumellaria® &k H 12440 =E
HiMEA OIS ICR AN E b 54, kLT
R NOL O BT EHIIE L AEEH L 50
EARBETIENTES.

BtL XL TR 7258 ORFEMR A FEHLZIZZ L v
HHELOX, 328 28MA LR TR
TERMHIEFHEICZ LW I enELLNE. —
Wiz, ki H (Polycystina H) 13 ¥EFED AT 100 m )
(50~ 150 m) ICEEEESHDOE — 2 #5-> T
% (Petrushevskaya, 1971b; Kling, 1979). Z O K%
EEHAKRERO TN H 720, KRV FERZ2EC T
W8 TIZ4~5°C, MM7TIH12~14°C, Wri6T
1216~ 18 CTHREL TS, bbb, %< DKL
HEE Z O K5 ICKIROFHIAH 2 Z U WAKEICER
LT3, ZOZ&h, HEMBIZTEHRZIAETIC
SWEREOD 12:EZ60h5 (BB5X).

Bty N o EME O EREOFHRK E LT, &5
VUL, ML NLOEHLEHPBOBOOFZ L ITH
MENTWAAREM N E A S5, KK ST DMK
DEFNIFIL N THE I N S &0 S EREFN &2 —i%
HIZFFAELEZWDT, 3 LZANEREL S, R
oM EMEARTZEICESZ»E LAgy,
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Fig. 4 Results of a non-parametric test using

Spearman’s rank correlation coefficient.
The null hypothesis is that the faunal struc-
ture of each sample is independent of that
of the annual assemblage (Fig. 3B) at each
site. Because all points are within the criti-
cal regions with a 5 percent significant level,
the null hypothesis should be rejected.

radiolarian abundance

/

Water depth (m)
t

———— =]
MJ J AS O/NUDJFMA
Spring Summer Autumn Winter

habitat of most of radiolarians

%5 AR 258 U 7o R o 4 QS & AKRROBIR &2 &3 € 7L, HIMO%E 5340 X3 Petrushevskaya
(1971b) & Kling (1979 % & LIT—fRLL 722D ThH 5.

Fig. 5 Schematic model of annual productivity of polycystine radiolarians in the oceanic middle latitudes. Depth
profile (right) is generalized after Petrushevskaya (1971b) and Kling (1979). Most radiolarians are produced
in the subsurface layer below the seasonal thermocline. The subsurface layer has a relatively constant tem-
perature within a range of 2-3 °C through the year. This model suggests that the annual radiolarian sinking
population consists largely of radiolarians that have lived in the subsurface layer, and thus radiolarian sedi-
mentary records can act as proxies for the temperature of the subsurface layer. It should be noted that the
subsurface temperature is close to the winter sea surface temperature.
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AMEERL 3HEOX Y XV b - b Ty TEENC
& B [Al—FURHZ D < A LR O WF ¢ (Eguchi et
al.,, 2003) 12 &k % & FRiE A LB TV T h o kb
CEVWTEMEAFFHMEEZRL, 40D T 7 v
ZOBRKHNTHENNZHAEL RS B2 LrMb6N
TWa, B2 7Tl iGIobigerinoides ruber 3 &
é 60%LL L% 8 5 BATITIFIFIE0RICE T T

. M6 TE Truncorotaha truncatulinoides &
Globigerinita glutinata 1% 5% ~ 30% D& THWRT 5.
12O LD B HA TSR EADBT S ROHIA K
DENENVETTHEI25, ZOXIITHI LI
10% & DA MG % & DOFHITEI, Sl i RIS
BHIFRECELRVWESIZAALS. 1 DO 10% & D
s D ZRHIZE) & LD REME 3 K > TV B DIE, T
12 Ri8 D Plagiacanthidae Bl & #ll 57D Actinommidae
FrEdThs. Zok5ic, hodmrs 2 i
Rz E 2128, FEEMR O ZEHN 28 M o R R
HOLREFNEMWETH 5 LML T ZenTE 5,

HEMABROBEZ : FHEME O Polycystina H 7
T w2 2 &AL TR 72 1ESORNL N L OB
RS, WDSRT OKIRR) CHEFEREWEAE TS
(% 3B [XI). M8 Tl Plagiacanthidae Bl A L |
Collosphaeridae #, Coccodiscidae ¥},
PterocorythidaeF} 23 E & A EBlh vy, ZHIZHART
M7 CTld Plagiacanthidae Bl #A » ¥k L |
ActinommidaeF} & Pterocorythidae Bt B4 23 887114
% . %72 other Spumellaria ® #HA MK WHEE D H 5 .
M6 TITRHICEZIC R 2 FHIA L LA, HIR6TIE
M 712X TCollosphaeridae fl& other
Spumallaria D #| A& 2% < % 1), Actinommidae £} #|
AMETLTWS, 2O KIS IZFL XL ORHEMARIT,
M THEWICIHR 280 AR T, — IS RIEHER D
rp D JCER OB R AR 0 PR A 2 013 2 R K B R U
BEXIZHBLTWEZERMen TS (il 21X
Nigrini, 1970; Molina-Cruz, 1977). L7225 T, #Hls
8, WIri7, WrieDMIZRED 5 M7= Vil B LR &
W, ZNENOKEEENEKT S AR, R
AREE, WECVEAKBLOENIB U HEDRNTH S L
EFEibhd., ZhidEzz, AEAKE (100 m f3) 12
B3 AKEDE N (MR8 TIE4~5C, fH7TIE12
~14°C, W6 TIE16~18C) N EHEKE &> T
LD LHEREND,

HEMROZHEH LBEEL D L Few 5L,
B AL O FECRTFEMIL, EOREE DT u%
RN L AL BHINENE RS TREL, KE
DOAKMBZECEMHEL 2y, Lo L BETHRS &,
AR ITEEIZ L > THRHE ST S, 2O &S ABFRIE
RECR A FICAE BT 2 KEOWRE N EHi4 ML T—E
THdZL, DEDERBRENAREL TNE0IC

BEEMR A B/ —EIS A, 72, FRKEDR
JERBRIEAEEIZ L D RA B 72012, MBRICHEEIZ X
BEAWPELDDEEZDLZLIZESTHMTE S
LlEbh3B.

5.3 BEMERZEILETS VI AZ{LOERF

Hik D & 512, BEL <L TOREEMK I EHIZ B 2
FEALRDOENEP 57D LT, KR 7 7 v
2 ZIFHPETEHNICEG L TH D, ZAUdRHTH
M8TEHL-, EOWETE T T v o ZDZEH)IR
DEMEL IR KA TIOG AR 2250855128 020bh
53, 20 K ICHEME S £ FTHE(LE R ST,
DULAREL TSI EEAIZEZ 3,

IhePl7=8%, DE0EtRo 7 79 7 2 (4
PE) IZBEIZLDR S B2 2 hb b TRHERKIC T
ZEAMZ LE WS BB, AREKTFER (B -1l
T, 2004) , ALK ERE (BOK - Bk, 1995, figs. 4,
SICEVNTERDELENTNE, INoDOfgeidfEL ~
LDIRFIZ TN TWBE DT, D & IR FERE
L AL TOREMBIZEHZENNZ LA D 5 Z
EERRLTWS, BN E R 20T, Th
EZDFEFEAMBICHERNADELZZLETELRVED
D, BAG - I (2004) 12k B, EHRO % < D4
i, swibaoZEcx U U & 5 I likk % i
WEEB LN FZHIE, RIFEOBIFERIZ—ED
FHHEHZ T3,

B N COBFEMBICFEHEH NI LA L LVD
Xt UC R T 7 oy 2 AR ER LTS,
ZOHWEHEOBEDFEIIBIRTIE L 256 .,
722U, Blr TR, I S ais o 2 i
K4 2 BRI DD AT CIE E A EEN B W01,
BYPSE ORI RIE U AR L TE, Zh
T HEEEE CEA THIRT 20T, mE&HIZEE
HEHURIEBRE LTUEEAEE L L VO E Lk,

5.4 HMERBEDL S OHIREER

—EIZ, EDOWILRIN—TTHh->T Y, FhEEE
OB A R TLARESE & 2 2N, TE
AR & D EEEBIEX IS LT 0T, L
HEAELLICUTHERINDO 7 7 v o 2 (HERER © Hifrim
FEHATRER & 72 0 OURETEAL) #EICLT 2 2 L3
LL<&%. 227C, WBEEEEREE LT, 28O
A EDOZLTIZ A TADRIZ K DHFEMKA NS
Nn3ZEnEy (213 Imbrie and Kipp, 1971;
CLIMAP, 1976; Moore and Lombari, 1981). EuiL
7ok DI, RWFZETIE, Bkt B sid, KX
BHEMTH - CEH, XEOmKEOFHZS L IFBE
NZULLFMAERCTC—ETHD, —F, HENLK
W (725 <IEAKREL00 m (FEDOAMR) OEWIZH L
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R LA RE D B e b e 8 D A L e AR 22 AL (Th 1)

TRBEETHS. & LIhMBELTE, o
WRHECIL OB EOBEM K P S HAL 52 DT
5 EE A BREEHIE, KO (R IZ K 100 m
WEDAKE) Th->T (FESK), HHEMBA S EREO0m
KIBDBHABREREIZONTORBRREB L Z L 1Z
HMLWEDEEZONS., ZOZLF, HEREEHFEL
L CORERDEHBEIZ OO CEESFEE 2T
T3 ElbNEDT, R, ML XILDsHric
KOBGEEND Z L NLEENS.

H2X O AIRO SR I LT, 3ODWEDNE
hickBWTa4®E (2~3H) KRB ML T,
ZHE0Om» 5100 mEE £ TOKESFZIT M H 5.
R B A K E 100 m D KR ERET 2D TH
W, $a&bb, ZHEIELFTOLERE O m KR %R
FRLTNWBZEIZRD (FESX). ZOBKT, Kk
HEMBRIEAZORE O m KEORBEE LTHMTH
¥ s,. —J, W70 other Spumellaria D
EOICFEHEN A OLSICRA BT S
DT, IV MO ERRZNEREITTICL Tl
ZOFEMEHRFRELMRHT S T LT WTEE»E LT
B, BROZEEND, MEHEDORE L NLRHL
NOLTOMMO N5 & % X & A b BRI & D
B UWERRZENER S A O, AR TR Eh T 5,
INSDOMBIZOWTIESHOWZE AL THRETL T
WENEEZ TS,

6. £&D

YN |l =S o N B E ST [ w78 A /5 22 A
WHOSHBEOEY AV b - 5y Tk EHWT,
PolycystinaH iE RO 7 5 » 7 Z LBV )L DO BEEH
RISOWTHEL . ZOfRE L T, Polycystina H
7w 70 2FEDOMKRTEEMENE RS &R, F
Moz 7y 203, 3EEBTHARS &, iR T
LR, Wi TREKr 7228, FILXLOH
AR 3 WA T IC R A 20 LT, EDHl
MTYHABAEMHEY L2 RS Lol B EERL
2. UL, BHEYEMEROZESHERE S 2 — V1
DWTI, D W < AR AN L BRI IZ T
Kotz HEMROFEHNLENT, IhE TRE
e < FHICHET2HERTHD, TORKIT, K
A D F 75 4 HOKER A ZEETI KR 2 {E D Z L v 100 m
HEIZD %728, MOBEHITEM G O 2 ) IZ 3
5 IR S IR T F D EN BN TiZAW
hMeEELZONT, KR THLSAZERIE,
Polycystina H E RO BREIIEE L L TOREE S 2
5 L CRBIZEATED, 5t, ML XL TOR 2
YEhs.

A, RWIEOSHIOBENE [ 2 4R T

BRIV - T ORED | TH 720, bF»ic
1 GHIE 7) @ other Spumellaria {2 %> D Z= ik
NR® NP, A a TR ik
mo 7.

BEE AR 2E S TSN B A R B 2% [
BREZZEONZE] ORRDO—ETH 5. ARUFZEIZH
7zaRRHE, BT RO F — - R AR O H
¥ T OREEE A 7 = 2 LOMENZE] OHE
WUIZ K 06 hiz, PEERINRANIZE OWA 13
i e B R A 4 e e e ] R A oWl X 2 £ A
7efzniz, HARMBEER A £ v 4 — (BLigrEiZei
FEHERE) OIS A LIS 3@ S 2 W2 0w, B
SEHATAR B WEFE T O MRS 112 35S o A G A 8
CTHMEETAY benwEnk, Kifgs w3
2720 L LEDHFAICELSHILHL LFs. £/2,K
W22 SRR AR A TR E wlil 4 (No. 15540446)
D—EBAEFH L 72,

X ®

Bogorov, B. G. (1958) Perspectives in the study of
seasonal changes of plankton and of the number
of generations at different latitudes. In Buzzati-
Traverso, A. A. ed., Perspectives in Marine Biol-
ogy, University of California Press, 145-158.

CLIMAP (1976) The surface of the ice-age Earth. Sci-
ence, 191, 1131-1137.

Eguchi, N., Kawahata, H. and Taira, A. (1999) Sea-
sonal response of planktonic foraminifera to sur-
face ocean condition: sediment trap results from
the central North Pacific Ocean. J. Oceanogr., 55,
681-691.

Eguchi, N. O., Ujii¢ H., Kawahata, H. and Taira, A.
(2003) Seasonal variations in planktonic foramin-
ifera at three sediment traps in the subarctic,
transition and subtropical zones of the central
North Pacific Ocean. Marine Micropaleontol., 48,
149-163.

Hays, P. E., Pisias, N. G. and Roelofs, A. K. (1989)
Paleoceanography of the eastern equatorial Pa-
cific during the Pliocene: A high-resolution radi-
olarian study. Paleoceanography, 4, 57-73.

Imbrie, J. and Kipp, N. G. (1971) A new micropaleonto-
logical method for quantitative paleoclimatology:
application to a late Pleistocene Caribbean core.
In Turekian, K. K. ed., The Late Cenozoic Gla-
cial Ages, Yale University Press, 71-181.

WA - @6 = (1995) ALABILK it KR =)

—235—



WEAHADIGHGS 20054 556 % H5/6 %%

YIOWIZETARVT AKX TNT - T Ty ADTE
At (). AL SR A SR LR
no. 8, 37-47.

WA 2 (1993) WEAE T vy 7 4 7 — %
S % . WA R R 2, AU, 304p.
Kawahata, H. (2002) Suspended and settling particles

in the Pacific. Deep-Sea Res. II, 49, 5647-5664.

Kawahata, H., Suzuki, A. and Ohta, H. (1998) Sinking
particles between the equatorial and subarctic
regions (0°N-46°N) in the central Pacific.
Geochem. J., 32, 125-133.

Kling, S. A. (1979) Vertical distribution of polycystine
radiolarians in the central North Pacific. Marine
Micropaleontol., 4, 295-318.

Levitus, S. and Boyer, T. (1994) World Ocean Atlas
1994 Volume 4: Temperature. NOAA Atlas
NESDIS 4, U.S. Department of Commerce, Wash-
ington, D.C. http:// ingrid.ldeo.columbia.edu/
SOURCES/.LEVITUS94/

Molina-Cruz, A. (1977) Radiolarian assemblages and
their relationship to the oceanography of the sub-
tropical southeastern Pacific. Marine
Micropaleontol., 2, 315-352.

Moore, T. C., Jr. and Lombari, G. (1981) Sea-surface
temperature changes in the North Pacific during
the Late Miocene. Marine Micropaleontol., 6, 581-
597.

Nigrini, C. (1970) Radiolarian assemblages in the
North Pacific and their application to a study of
Quaternary sediments in Core V20-130. Geol.
Soc. America, Memoir, no. 126, 139-183.

Petrushevskaya, M. G. (1971a) On the natural system
of Polycystine Radiolaria (Class Sarcodina). In
Farinacci, A. ed., Proc. 2nd Planktonic Confer-
ence, Roma 1970, 2, Edizioni Tecnoscienza,
Roma, 981-992.

Petrushevskaya, M. G. (1971b) Spumellarian and
Nassellarian Radiolaria in the plankton and bot-
tom sediments of the central Pacific. In Funnell,
B. M. and Riedel, W. R. eds., The Micropaleon-
tology of Oceans, Cambridge University Press,
Cambridge, 309-317.

Pisias, N. G., Roelofs, A. and Weber, M. (1997) Radi-
olarian-based transfer functions for estimating

mean surface ocean temperatures and seasonal
range. Paleoceanography, 12, 365-379.

Reynolds, R. W. and Smith, T. M. (1994) Improved
global sea surface temperature analyses. J. Cli-
mate, 7, 929-948. http:// ingrid.ldeo.columbia.edu/
SOURCES/.IGOSS/.nmc/.weekly/

Riedel, W. R. and Sanfilippo, A. (1977) Cainozoic
Radiolaria. In Ramsay, A. T. S. ed., Oceanic
Miocropalaeontology, 2, Academic Press, Lon-
don, 847-912.

Sancetta, C. (1978) Neogene Pacific microfossils and
paleoceanography. Marine Micropaleontol., 3,
347-376.

Sanfilippo, A. and Riedel, W. R. (1980) A revised ge-
neric and suprageneric classification of the
Artiscins (Radiolaria). J. Paleontol., 54, 1008-
1011.

74 b, R V. (1990) P AERE S A, IREH3M.
IR Z, &R, 430p. (=W FEER)

Takahashi, K. (1983) Radiolaria: sinking popularion,
standing stock, and production rate. Marine
Micropaleontol., 8, 171-181.

Takahashi, K. (1987) Radiolarian flux and seasonality:
climatic and E1 Nino response in the subarctic
Pacific, 1982-1984. Global Biogeochem. Cycles,
1, 213-231.

Takahashi, K. (1991) Radiolaria: Flux, ecology, and
taxonomy in the Pacific and Atlantic. Honjo, S.
ed., Ocean Biocoenosis Series No. 3, Woods Hole
Oceanographic Institution, 303p.

Takahashi, K. (1997) Time-series fluxes of Radiolaria
in the eastern subarctic Pacific Ocean. News of
Osaka Micropaleontologists, Special Volume, no.
10, 299-309.

Takahashi, K. and S. Honjo (1983) Radiolarian
skeletons; size, weight, sinking, and residence
time in tropical pelagic oceans. Deep-Sea Res.,
30, 543-568.

EREFE = I A (2004) 7 =—= ¥ KDL T 1 4 7
V77 7y A L1999 KT PEARE IR VY & - BB
12850 B RESRAIZS) & e BB, M, 110,
463-479.

(21 1200544 H 22 H ; ¥ 1200546 H 16 H)

—236—



