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SUMMARY

Radiolarians are a major group of Rhizaria. Three orders of Radiolaria are characterized by
a siliceous skeleton, and are called polycystines (Polycystina). The skeletons of polycystines are
well preserved in sediments as fossils. These fossils are important for paleontological analysis;
thus, many stratigraphic, paleoceanographic and taxonomic analyses of polycystine fossils have
been conducted from the 19th century to the present day. However, there is a lack of data on
living polycystine cells, and little is known about their biology and ecology because of the
difficulties in collecting and culturing cells. Despite these difficulties, several reports have
succeeded in examining living cells. These studies have clarified cell structure, pseudopodial
activity, nutritional uptake, skeletal growth, and survival strategies. In this review, recent progress
in experimentation on living polycystine is summarized, and unsolved problems are discussed.
Polycystines inhabit an unusually long geological range from the Cambrian to the Present, and
their evolutionary processes can be revealed by fossil analysis, which is an advantage in
researching relationships among the paleoenvironment, paleoecology, and evolution. Further res-
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earch into living polycystine cells would encourage new developments in both biological and

paleontological researches.

Key words: Living polycystines, Radiolaria, Rhizaria

FC &Iz

iy (Radiolaria) (%, Wb/ H#-CHiEE R b
0T LANLRLEWEONER (LLF, B s
MES) ZFFOT A—/NRAEMT, WD 77 7
N Th D, EFEOHFREMITICE D &, il
1TV Y YT (Rhizaria) @55, L% U7 (Retaria)
2 JB L (Krabbered et al., 2011) , = 2 % U 7 H
(Collodaria)  (Fig. 1IF) , A7 A7 U7 H (Spume-
llaria) (Fig. 1A-E) , 7% 2 U 7 B (Nassellaria)
(Fig. 1Gand H) , 7> % U7 H (Acantharia) ,
X7 RT 47 H (Taxopodia) @ 5 HIZKAyEnd
(Kunitomo et al., 2006; Suzuki and Aita, 2011) . 2>
TIE7 =A%V 7 H (Phacodaria) & B EIZE O 5
TN, ST REMTORER, VI TOFD
Va7 (Cercozoa) /T H &SNS X IHIC
7272 (Howeetal., 2011) .

BB B, aaX VTH, AFAZYTH,
FTEB 7V T HITEE 50200 um (X E D TR A #E
DOEHKERD (Fig. 1A-H, sk) , TEHTHRY 2
7 4 v (polycystine) , £ 72T AR Y ¥+ R TF 4 F
(Polycystina) & FEEND. =2mr XU T HIE, —HKO
WO REKROFHEZ DD, & XA REE -
T-BEHRZ{ED (Fig. 1F) . A7 A Z U T BILRFR
RIS S & FE M L L (Fig. 1A-E) , HUMAETE &
5. U7 HGERBRICEMARL, —Hmicit
SHiD B 7R D EE RO,

BEDOL D, RUFRAT 1L, 41 RRMHT
TIXHERHM (Krabbered et al., 2011) 72Dy, LR
(Kunitomo et al, 2006) 72 D2EE L TR0,
A4 (polycystine) % 25 7y, sr¥ERE4  (Poly-
cystina) Z M2 7, WFFEE I L > TREN R -
TW5. KawTlE, DFERAONGEE LY, KD F

AT AT EMRST LIZT 5.

TAEVTERK I Y RT 47 BOFNEHE
FTCICEEST 50 LR, R X274 70"
b A BOBEKITILAILT D, Zoizd, KU F
AT 4 T AW o B CE A S 4, 19 kL
g, o, AR, BT, VEEBRR AR AT
ST DR RE AT DL T D (De Wever et
al, 2001) . 75, HAEMESTTIE, BAERY X2
T4 3 HUSMNG, MR LT AN LT YT H

(Albaillellaria) , 7 — % 4 A % 27 Y 7 H

(Archaeospicularia) , 777 474 A N7 UTH

(Latentifistularia) @ 3 H, KO, B{EHEGAHENA
BLTODAERMERH Db DO TR LD
RN ESRTnWhnw v 227 F 5 UTH

(Entactinaria) & R U ¥ 27 4 FIZHE O THE D

(De Wever etal., 2001) . AF@ T, #HE LR F2
T4t EanFXVTH, ATAZYVTH, +&F
THEL, EbiT, P Thdkm) &, o
SHEHETZ LTS,

WA ES TSR I TN TWnWD Z b &
s, BLAE O fkik B DUV T O A F1) 72 5T
v L, ZORBZEEY iz v
7o AT AR LR E DO MNT CTd ¥ (Takahashi, 1997,
Itaki et al., 2003; Boltovskoy et al., 2010; #57K - FHH,
2011) , AMla%H - 72Tk B TH L. =
D= O R OA&TR R, AR, SR BIRALE
WA AN e S 2. FRICATERRUICBI L C
1%, Cypassis irregularis Nigrini (A 7"AZ V7 H) O
B U7 Zeiifa sy, RIFEOWEERM - THDH Z
LG FENE S (Kimoto et al., 2011) (2R
LD, EMFHHEHRORRIL, baT—4 by
AT 2O RERGIITHY, HTEWFOD
WZEIZIRBNTH REREF Lo TN D,

B R OO N DI KRE B IR E L
T, R ORE - BEA/AKNHETH D ERFT N
D, WEEITEENE T T 7 o TH DN, IR
TORETIHHR 7 BEORB 2152 Z LN EL
V. 20, —RICEESFOBRFLELLS, &
BT I3 EBICHELVORBRTH S.
BREEERTX W DIZ, B OB s T
I, A CERE LM EZ KR TOLERD S.
Oy TSR FIENT & G D, B R e A A &
BAERIZIESWTIET D0, v o7tk
)V PCR NEZTH 5D (Kunitomo et al., 2006; Yuasa
et al., 2009; Ishitani et al., 2012) , Z 3V % i I
THEICY, EMAEE 410 um &/hE < (Suzuki et
al,, 2009b) , FEAND DNA ERD7RNT &0, §F
ROT 74 ~—biEELE LTV RN LR EDOR
HENRPES .

KTl 245 ORI KHL LoD fiih o ks
BEATO TN DGO, - A - HEf b
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C,F,G,H 100 pm
A, B, D, E 100 HM  —

Fig. 1. The cell of polycystine. (A) Spongosphaera streptacanhta Haeckel (spherical Spumellaria). Living cell. (B) Euchitonia

elegans (Ehrenberg) (flat-shaped Spumellaria). Living cell. (C) Spongaster tetras tetras Ehrenberg (flat-shaped Spumellaria).

Fixed with formalin. (D) Didymocyrtis tetrathalamus (Haeckel) (twin-shelled Spumellaria which are originated from a flat-

shaped Spumellaria). Living cell. (E) Rhizosphaera trigonacantha Haeckel (spherical Spumellaria). Fixed with formalin. (F)

Acrosphaera spinosa (Haeckel) (an isolated cell of Collodaria). Fixed with formalin. (G) Acanthodesmia sp. (Nassellaria, Spyri-

da). Living cell. (H) Pterocorys zancleus (Miiller) (Nassellaria, Cyrtida). Living cell. af: axoflagellum, ap: axopodia, at: aperture,

ic: intracapsulum, pc: polar cap, pp: pseudopodia, sa: symbiotic algae, sb: symbiotic bacteria, sk: skeleton, ts: twin shell.

LM - MERFICHT2EFEORREE LD, 4
BOBBEBLET D, S HICHRE - Bt - BEOF
BEZOWTHT 5.

=t i[O vt

B O ARIRIE, ERBMEE A T 200400
FEITHER LTI SN D Z L%, 19 fibfdLiok
Z OFETHE B AEMEORECIEE N BRI N,
H T — AN F =X (Haeckel, 1862; Brandt, 1885) , &
J 7 v BEHNAF S TE 72 (Anderson, 1976, 1977,
1983) . Anderson (1983) %, MBI Z MG L 72
EEEDPT, 198MEE TOBBRELE LD, 2
OMFETIE, YEEIREAED a0 2 Y 7 H O RN
2L B ED WD, AFATUTARLT®TY
7T RHICET AR DTN Tho=. L2L, Th
DX, A7 AZ UV THEHRST BT Y 7 HOMSEN I
JE L, Table 1 ({2 7= EMBOBENTHON,

BT —HEONAF (A, 1993a, b) , #iiEHE %
W ARUEEE OBI%E (Suzuki and Sugiyama, 2001) ,
HRIEEHOBE (Matsuoka, 2007) 72 KA #HE S
7-.

LLF, Frlcaa X U 7 BIZBET %45 (Anderson,
1983) LUpED, A7 AZ YV 7HEFEZ VT HIZH
T DI RNZDNTE LD TRz,

RIRFYTH « &7 V7 ALEONEE L 58
Bk B OMBEREEICIE, AT AT THEFES
V7 BICEmLCBEINOMEEL, HUTONHE
Mok TRRIBENDLDL R DOND
(Suzuki and Aita, 2011; $5AK - #HHEH, 2011) . 2 HIZ
il L 7o S I2IE, NZERE (capsular wall) TGl 5
N _EEEE EDMIRER DD 05, Nl
% N %% (intracapsulum) , b {fIl % 4} #£ (extracapsu-

lum) & S (Suzuki and Aita, 2011; #5 AK « #H H,
2011) . MBI OBIRICL D &, NFIZITE, 2
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VTR, I har R T 7 EOMB/NRE NS DN

(Suzuki and Aita, 2011) , MR TITRLS EBO LT
NEOEOIIHINTLE I 2OICBEIRETH 5.
Fo, NENDIE, AEXEEL, SN > T
UVSRIRDBE MY TV D (B2,  1993b; Suzuki and
Aita, 2011; $67K « A0, 2011) . fRUEI%, Sk hasg)
NTZEOTELME—DOHIEERE TH D (Anderson,
1983; #AMM], 1993a) . #MFEICIE, B2 & DR/
Ee, LAEEE LAENITIVTREETD
(Suzuki and Aita, 2011) .

R TR Z YT HEH ONIIEE S IEE)

A AZ YT HIE, MR, KPP, R ED
SHITER OB ZFFD. WTNOBROEK D,
L O/NERIRE SIS, BERICEEO 7 L — AT —
IR, THICEB LB S oG s &
5. Zooh, K, SR, ERogk 2RO/
BOWTAEMBOBERN NS 5. MR L RO Tk
ol L- kg2 & v, BRIRE# 2 F ok
MTIEE ORFEROCRAR D

B AR S BEDE (XTAFVTH)
ATFAZUTHDI G, RFREkisEoMs %
EO TR & L. 7275 L, T RS

Table 1. The spumellarian and nassellarian species with
record of live image under light microscopy

Order Species name

Spumellaria Dictyocoryne profunda Ehrenberg
Dictyocoryne truncatum (Ehrenberg)
Didymocyrtis tetratharamus (Haeckel)
Diplosphaera hexagonalis Haeckel
Euchitonia elegans (Ehrenberg)
Haliommilla capillaceum (Haeckel)
Hymeniastrum euclidis Haeckel
Rhizosphaera trigonacantha Haeckel
Spongaster tetras Ehrenberg

Spongodiscus biconcavus Haeckel

Nassellaria Acanthodesmia vinculata (Miiller)
Carpocanistrum coronatum (Ehrenberg)
Dictyocodon prometheus Haeckel
Eucyrtidium hexagonatum Haeckel
Eucyrtidium hexastichum (Haeckel)
Lophophaena hispida (Ehrenberg)
Pterocanium praetextum (Ehrenberg)
Pterocanium zancleus (Miiller)
Spirocyrtis scalaris Haeckel

Zygocyrcus productus (Hertwig)

{EAFLERDIENT N D, BAEOIMEIL KRR Z e L
oW U TH Y (Sanfilippo et al., 1985; De Wever et
al., 2001; Kunitomo et al., 2006) , Z OFEFRITREE D
SYERER IR Tk, IR B R o AR
R OBERFI N & B DX, Dictyocoryne truncatum Ehr-
enberg, Dictyocoryne  profunda  Ehrenberg, Hyme-
niastrum euclidis Haeckel, Euchitonia elegans (Ehren-
berg), Spongaster tetras tetras Ehrenberg, Spongodiscus
biconcavus Haeckel @ 6 FE721F Td 5 (Figs. 1B, C
and 2A) .
AT AZ VT HICEEROFEREE SO (LI
B O] & L5 BNEENDA, BLARTIX
Didymocyrtis tetrathalamus tetrathalamus (Haeckel) @ 1
FEDHBFHATWD ., AT OB (twin
shel) 265, TOMWIIIAR—T —F+ v 7 (polar
cap) iz b & & H & 3% (Figs. 1D and 2B, ts,
po) . AFOMEFITRREEEZ > Tz tEZ
HLTE Y (Sanfilippo et al., 1985) , 401 RMAEAT
T, ARRETBRAEBREERTH D Z EPRES
7= (Kunitomo et al., 2006) .

NEE : ERROFED L 1T, Moo Ticgd
ENEBLEE S AL D . Did. tetrathalamus tetrathalamus “C
XaR B (BA [, 1993a) , Dic. truncatum Tt HE

(FATE, 1993a, b) , Dic. profundaTIIIRE (FA[H,
1993a, b) , H. euclidis I3 (AW, 1993a) ,
Euch. elegans TIXMEMA|ZITWBE (B[, 1993a, b)
FET L. MG L OGN, ZoRGBEHAMIL
W% (Fig. 2A and B, ic) ThDAREMEREWV. 7272
L, BELTODWESCERDT, &EHIAWT
H 5. Spo. tetras tetras TIL, [F CHFMIRFETH D
LWV O & L (Sugiyama and Anderson, 1998) , Hiil»
BRI fok B D EBAL & IR D EAL 2N IRAE T B Mk D A
F—HHENHALNTEY (Matsuoka, 2007) , ZiLH
IO E T EREOGBLEEZOND.

2 BRI, WIhbT 27 Y RT 47
(axopodia) & 7 7 ¥ 7 T ¥ =)L A (axoflagellum)
D 2 FEFEOFE % FF> (Figs. 1B, D, 2A and B, ax,
af) . T Y RT 4 TITMIE D b BATIRICIEONT
WD L DD IR ME IR O E T & D (Matsuoka,
1992; #:f#, 1993a, b, 1994; Sugiyama and Anderson,
1997a) . BET 7 Y RT 4 TIHHELTVDR, i
ORI D & FRUHET 5. WU L 721,
FEFIZPo W EMELILORBIZRES (I,
1993a, 1994) . Z OB E 2> TH/NVEM 22 %
RFABEINTEY, HEMOHENT 7 VR
T AT OHREED DL Fbi TS (Sugiyama and
Anderson, 1997a; Matsuoka, 2007) . 727 Y 77 =
WBET 7 VRT 4T LD b RL, BHRORKTEOMH
fEo D 1 R HOTAUE TH S (Fig. 2A and B, af,
py) (Matsuoka, 1992; £A[f, 1993a, b, 1994; Sugiyama
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Fig. 2. The schematic drawing of polycystine cells. (A) Spongodiscid species (Spumellaria). (B) Didymocyrtis tetrathala-
mus (Spumellaria, Coccodisicidae). (C) Spherical spumellarian species. (D) Acanthodesmid species (Nassellaria, Spyri-
da), (E) Cyrtid species with a single segment (Nassellaria), (F) Cyrtid species with several segments. af: axoflagellum,
ap: axopodia, at: aperture, ic: intracapsulum, pc: polar cap, pp: pseudopodia, py: pylome, sa: symbiotic algae, sb: symbi-
otic bacteria, tp: terminal projection, ts; twin shell, wv: waste vacuole, xp: axial projection.

and Anderson, 1997a, 1998) .EENMEIZZ L < (RafH, Did. tetrathalamus tetrathalamus \Z7 7 Y 7 7 3 = )L I
1993a, 1994) , TOMEIIARHTH D, BEETIC BZRDLLNATVD.
ASAZ YT AT, BRAERE, ik LAY . FEOFED S B, Spd. biconcavus LLS+
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1334 NS 7 U T EwSE  (Fig. 2A and B, sa, sb)
% F5> (Matsuoka, 1992; ¥4, 1993a, b; Sugiyama and
Anderson, 1998) . A7 7 U 7L, 4 pm FEO
IR E T2 1L IR B D ERIR C, Dic. truncatum, Dic.
profunda, H. euclidis, Euch. elegans D& & DK H <
FRICHET D Z L 23% W (Fig. 2A,sb)  (Matsuoka,
1992; A0, 1993a,b) . HAEWIHIL, Euch. elegans,
Spa. tetras, Did. tetrathalamus tetrathalamus D Y\3EZ
o, B 20-30 pm OERIRT, AR TE
2925 (#AF, 1993a, b; Sugiyama and Anderson,
1998) .

BRI gH AR (RF7AZYTH)

AFAZIVUTHDY S, HIKROERKZ R OfE 2K
Wh b & L5

W%E : Rhizosphaera trigonacantha Haeckel & Diplo-
sphaera hexagonalis Haeckel 1%, B\ KIREDERRD
WNZE%F5> (Figs. 1E and 2C, ic)
2001; Suzuki, 2005) . Haliomma capillaceum Haeckel
DORNFEE, CREWHLHA~MKEAE ET 5 (Suzuki
et al., 2009a) . WTINHIREAETH D AN HEL T
DB, BEHIN DI T, ZAUDSERIR B 4T
BT HFETH LN E I DI TH 5.

B WFRORICE N TS, MR S i
PRI Z3PON%  (Figs. 1E and 2C, pp)  (Suzuki and
Sugiyama, 2001; Suzuki, 2005; Suzuki et al., 2009a) .
Dip. hexagonalis T X 4 T O & 7 (Suzuki and
Sugiyama, 2001) , R. trigonacantha CIX—DOEE D

(Suzuki, 2005) JAHIRIZMR « DUET 5. #6325
RHN, WTFROEbw-s< DHELTLIELL
FribL7cob, QICIHE T2 883581 5. 2
DOEEIRI 7 ERN L, BRTIEZ O 2 FICHER I
DHT, HRABRICEBH TH LD, Z0 2 fl
WA THL2ONIARHTH S, K DRe b [Akk
WA CToh 573, Suzuki and Sugiyama (2001) 1%, Dip.
hexagonalis HMEE D RINAEIC L > TR E T L
FIRERBEIZ{E L CTWD RN H D L fafii LT
5.

ILAEAY) © Suzuki et al. (2009a) 1%, Hal. capillaceum

(Suzuki and Sugiyama,

DA D, WRMBE VK & > T Bl & Hil
LTWa. 2 OlFkMAE, WS HITRIEL 8 D0M

RS E 2> TRy, #kof&EicaEh
Tz, IO THESREMYIKL T 1024
AR & 72 0, AT B ARIRIC A E LT 2 D
OHHDOBEO L i ole., DREMKZD P
n, Mk EEST. ORI RFEE TS D
23, HRa oy SRR FR S T VR AT — H IR
T BHHAEAEMD Duboscquella BIZELTWNE Z L &,

AFEOHIANEBIE Duboscquella J& DI HERR S U
7B H 2 Linh, BEBIZAFIHEAEL T Ew

EEMEZEZ BN TWD (Suzuki et al., 2009a) . =
OWFTEIE, BED E Z A b AME ThHFIEAE L
TWHEYPBERSINI-ME—DITH 5.

7 Z Y 7 B EE O L5

T2 7 U7 HOMEROERKIE, MHTE, #55E
%, B3R LA R E R, BRI A D
AL WVA, —ODHEITHFITEHAEK S TR
v, RS SRLEE TR TH D,

FA7 oy FEH (Cyrtida)

X7 4 v XM H OB, 3 (segment) & FE
XN DM EN =N SAEEEZ AR L 35 (Figs.
IH, 2E and F) . BHO—MOEEIT NS, kL
L CH#ERICE-FEE &5 2 ER% 0 (Figs. 1H,
2Eand F) . HONIIRESHNTD Z LR,
7 X—F ¥ — (aperture) & PFEIEI 5 (Figs. 1H, 2B
and F, at) . ¥/V7 1 v XlliH TIL, Spirocyrtis scala-
ris Haeckel, Eucyrtidium hexagonatum Haeckel, FEucyr-
tidium hexastichum (Haeckel), Pterocorys zancleus Miil-
ler, Pterocanium praetextum (Ehrenberg), Lophophaena
hispida (Ehrenberg), Carpocanistrum coronatum (Ehren-
berg), Dictyocodon prometheus Haeckel O/ #lifin#i5
OWENH D (R, 1993a, b; Sugiyama and Anderson,
1997b; Matsuoka, 2007; Sugiyama et al., 2008) .

WE : WTHofb, ME#ETEOE R ONMHIZNEE
ZFF> (Figs. 1H, 2E and F, ic) . PNFEIT 34 OE/N
RL/NERBEDOLSD FRoIRT, EEarD
W, T3 RE 2 2T 5 (M, 1993a;
Sugiyama and Anderson, 1997b) . ¥ DI BN
BRIE, AT ATV THERRCANTHD. A%
1%, MUTATAZYUTHELID HENR, Zhidx
NT 4y FHHONFEOREN D722 LITRET
DAREMERH D.

B FAT 4 v X HBAICBT AEOL 0L, #
BoOBBEOREEZFS. BIZLVZVERRLH, K
ARHNTNTEAS BRSO D MR O (Fig. 2E
and F, pp) , 7 A—F v —mb FRE M5 7 2
VT ay e 3 (axial projection) , 77
TATRY =l va e BHERICAT Y — I
2>z =3 (terminal projections) @ 3 FED T
ZHEOZ L% (Fig 2F, xp, tp)  (RARE, 1993a, b;
Sugiyama and Anderson, 1997b; Sugiyama et al., 2008) .
OO, TIOVTATAY 2 gt A —3F
nraTzrvariEfn, BETEEEZ LR
DIGEABIZE I TV D (Sugiyama and Anderson,
1997b; Matsuoka, 2007; Sugiyama et al., 2008) . {Z£H
FRZi, EF77v7r7aversvartF—=3
FAaTre e g VRO F—IF T
g a NI T I TAT e 2 g v DJEM
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MRS Y, SRR CEBEA N TRk E D,
BRI D &, TV T ATV vy
DA LRI —I AT ey va v
DREFLMO L 2 2 BICHA Y, EHEPHVIAT. B
BIZ, B—=IFATaT =T a N7 —F ¢ —
OHIZEEE B Z A% (Sugiyama et al., 2008) .

ALY XL T 4y XHEBEOBBRO D b,
Pcor. zancleus, Pcan. praetextum, L. hispida, C. coro-
natum (213, HBEAEKOILAEBIENTFET S (Fig 2E,
sa) (R[], 1993a, b; Sugiyama and Anderson, 1997b) .
Spr. scalaris X°, Eucy. hexagonatum 0 WFED Tl
b, HWAERBICLZRB G, R, BWREOTEHKD
GRS BE SN D, EEAE M2 H
BEND, BHEMENTD DM (waste vacuole) <,
TRNAF—ZAFT D7D D/ (reserve droplet)
ThHHZ PRI T WD (Fig 2F wv)

(Sugiyama and Anderson, 1997b) . Z D7 L —T7%
BET 5 L &1L, WAEAY LM NEE & O#R|
NEETHD.

eV &ZFEH (Spyrida)

2R v HHERE, RIR, H2DWIFERIROMIEN
MAGDI ST BIROBHERFS. VT 4 v Xl
B ok o affila iz, A o@ssiz s <
DI MNT, MR E CEE ST Acanthodesmia
vinculata (Miiller) & Zygocircus productus (Hertwig) M
BRI D DK TS (Rali, 1993b) .

WEE : WThofd, BRONMICK 30 pm OER
KONENRDDH. AL, thoT &7V 7 H &K
LT, T (Fig. 2D,ic) (A, 1993b) .

B WFhofy, Mikof e zf-> (Fig.
2D, pp)  (Raf, 1993b) . &%, FMTIAD-> Tt
HRICER TS, ¥AT 4 v Xl ERRY, K
RIT—EHOALTHD.

AR . WIS, SSERNERIIC ISR Y
A5 (Fig. 2D, sa) (Rafi, 1993b) . H:A: #edE X
HEKIRT, ZOBRELWRBMD 7V —T DR
ROMAERBEICEL L WD, HAREIX, NEEY
o Fie k5 ICEE L TV D.

MR DS

AFAF VT HEFET VT HOEMKEOE L]
Wz ooH 5 b00, BAETHBR SN ZHEEX
PHEICE EFEoTEY, AR ER oMk,
FRIIL AT 240 L, BRI %
ENTWA. F£72, T E TICAEMBSTEMIC S
ENEATAZYTRETET VT BRI,
WS B~ A O R ICHBLT A ISR S
U, R SRR B\ o AT 3 B T o0 A il oo 8 2%

FL72. 29 Lokl 4 B 5 Bk R oo A A
OEENETH .

F70, BRI TR OMRIN KRR (AT AT
U7 H) OHIRQEREIXIMBEZRY . 4, Ishitani et al.
(2012) D4y T RARMENTIC L 0, B D2 /A
T AR R L O Did. tetrathalamus tetrathala-
mus & IEIEE L OVERKEED B& G L5 MR B R
D, WML L7277 V—REBRTHZ EhHES N
2. fpafgElIc b, REROLEERRNE S b )
EomifrEng.

ERENR

B DA BT, I S BB T
TOERFIIZ N EITZTOE. L L, SREER
R LTI, BN Z0ERFARD D
(Anderson, 1983) .

BEAPHERL TOSLEY

WEOREFERNG, BRI 7 o "7V 7

(Anderson et al., 1989b) , iHHFEHE, 7 Mg, EH
# (Anderson et al., 1984; Swanberg and Anderson,
1985) DEMEHEL TND Z ERGHho T
%. Anderson et al. (1984) 1%, "C THERkSh/- 4 f
MO EE A Spongodrymus sp. (A7 AZ VT H) I
5.2 5 EBRELIT, Amphidinium carterae Hulburt (iff
HEERadE, R Tl Amphidinium carteri & E LT
V%) X° Emiliania huxleyi (Lohmann) Hay et Mohler

(NT NEE) DXL 7, EEMEOEWEREE L 4T
T L ZWLIT LT, SHICARRERBIN LzZ v
NIBOGHNG, BT 77 Nk &R
ICHEREND Z EDVREE 7. F£72, Anderson and
Botfield (1983) 1%, = 2 &% U 7 H @ Thalassicolla
nucleata Huxley (27 VT I T D) —7 Y 7 AN E%
Hx2Z&7T, 28MH~1 » HRBRE, AMAHERT
EHT LHRLI.

BT
ez, AEEEE R ORA L ML TN
%. Ogane et al. (2010) A3 HEENER O g D fifcii B 2 a8
JEBLEL LTI JauE, BEEF 0RO R
BRI HKT 2 L bR REARELEIE LT
W i &SRR BT LTI, B 0158
FRIIT DI TN D.
INFTIE, =2 v XU T HOO T nucleata
(Anderson et al., 1983, 1985) , Collosphaera huxleyi
Miiller (Anderson et al., 1983) , Collosphaera globula-
ris Haeckel (Anderson, 1978) , Collosphaera sp. (Anderson
et al., 1985; Drits et al., 1987) Z*I4uc L7z “C =
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WERERERN G, HARED OE EOMMD I
ThHNES "CBBBHLTND Z R RSN T
W5, F7z, Spongodrymus sp. (A7 A Z V7 H)

(Swanberg and Anderson, 1985) , Thalassicolla nucle-
ata Huxley (=24 U7 H) (Swanberg and Anderson,
1985) , Thalassicolla sp. (=74 U7 H) (Swanberg
and Anderson, 1985) , Spa. tetras tetras (A7 A7 U
7 H) (Anderson et al., 1989c) DEEFERRTIX, W
THOREGESN L TEFRE LMo A, x24T
THEE LA L 0 b AR & 9 R
BonTWnd., ZhbZ &id, MENICTEDD
2, HAEBEHONERR & Z OEEFEY D R 0 g
I BES 5L ZR LT 5.

—J7, WELAET DL Db LT, iRt
BEFTHMOAFET D, BEARME RO d o H 4 i
%, Acrosphaera spinosa Haeckel (¥ U7 H) &
Collozoum radiosum Enriques (21X U 7 H) T 1 KF
BB A DR RFE D 0.2-0.4%, Collozoum longi-
forme Swanberg et Harbison (=24 U 7 H) T 04—
0.7% (Swanberg and Harbison, 1980) % [& & L T >
%. Swanberg (1983) 1%, Z DOXARENEEALD KX
S LU CHEFICDRN LD, BEOAEES
ARSI RS B & fE AT 72, E 72, Drits et al
(1987) 1% Collosphaera sp. DFEAKIZEVT 1 KEEIC
FERTP ORIRFRD 0.08% H3fF EIC K- T Eh
TWDZ&nh, BEBRITAEFIILERT L —
EALABEON G D+ AIBTHD A, BRI
VIR IRFBITI B TR 2 MLER H 5 & fmit i 7.
S 51T, Swanberg et al. (1986) D 3EER Cld Physemati-
um muelleri Schneider (T4 U7 H) OAILA I
L7cRFED I B, H 70% MDIEAEBIEO A RED D>
5, RO EZHENPLHA TS ZEERL, AR
ELHBORFTPORFEHERL TSI A2 LD
EHEIZRERT LTz,

2O Lol & s o BIRIE, MAIEETH D
Ko7 2w V)7 A OREO AR
Swanberg and Harbison (1980) ¢ 325k Cix B A TG
O B O Fe T A R EE O K9 2 %, Rivkin and
Lessard (1986) Tl H HAETE M BERA O 5 A s B2
VST 2 E R Uiz, 29 LI K& R NARGEE
13, BB R O ML T R O SRR EAFTET D
ZtickBEE XL TEHE Y (Swanberg and
Harbison, 1980; Rivkin and Lessard, 1986) , FEFI3L4
O—O0FHLEEx L 5. —F, HEBEOMLE
FORBEBOFREREFICLISBEISLTVDL 5 L
V™. Collosphaera sp. (v % U7 H) OABEHEIT
35 uE/m*s (Anderson et al., 1985) , Spa. tetras tetras

(A7 AZ U7 H) ©oFAEBEEIT 20 pE/mYs
(Anderson et al., 1989¢c) & Z< BV ETH AR
%4T>TW5. F7-, Rivkin and Lessard (1986) D3

frf
LT

)
7
B

el

Fig. 3. Typical growth patterns of polycystine skeleton.
(A) Polycystine cell formed the fundamental framework of
skeleton at first. (B) Thin layer of silica is added on the
surface of framework. (C) Additional thin layers of silica
deposited around the preformed skeleton.

B Ok, MR o AREITY T e —R-1,5-2 )
VEEH VR XY T —E8 (RuBPC) IEPEDOFEIC &
D, TR HERELEEZEZD Z EBDH> T
5. InbliE, WL LE EOREBENC Lo TE
IOHNBOEBH~OHEIEEEZEZHNTWD (Rivkin
and Lessard, 1986; Anderson et al., 1985, 1989¢) . L
L, EBBEOMICIZIY A7 HHDH XD T,
Sphaerozoum punctatum (Huxley) (22 % 1) 7 H) ®
BERZ O EZR T, ARERE IS K- THE
fbxid &V BERBlE I T 5 (Drits et al,
1987) .

B DRFERRIRICET T3 58

R & EE O BT 2R, KER e
ZUTHIZBT A2HEENRIITONTEY, AT A
ZUTHTIHILKELN, T&®FUTHTIZEET
5. ZFaue X I THOL BERETH DT
HEBbh g, BRI RIIRESHE T b 03
EREOBBENES THY, ThnEREITO LT
DREBRFFERD., TR LT, AFAZVT
HORAEME R b SR E BT 2 2 L33
IEARAHETH D (Anderson et al., 1989c) . LL,
— RIS EW I TIZA T AT Y T AT T
U7 HOARENEICEREHIND. 4%, Zhb
OB OFBERBUCET 2N ML = & 2 WIFE L=
VY.

F7, BECENHE L TWSEMITONTIE, AF
BRI HD2HODOT =R AELTND. ZD7
W, AICETEREMEVIRL, T—XEERML
TW ZEDFETHS.

RO REE

Z I E TIZ, Spa. tetras tetras (Anderson et al.,
1989a) & Dic. truncatum (Matsuoka, 1992) T, #
1 7 AMORBRICZLY, BESEROBDO NN
ENTHA. DT, FBXMICHET M
fa &, HFAICEERE LR 2 1D 2 fill fa oo BUCH
B, TNEFENHED LN, F72, Ogane et al. (2009,
2010) 1B OREICHE Y Bt r A FoikEx, 2-
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(4-pyridyl)-5-[(4-(2-dimethylaminoethylaminocarbamoyl)
methoxy)-phenyl] oxazole (PDMPO) & FEIEL 55 Yot
FAEMRVCEEMICHE L. PDMPO 1X, &b
L BRSO A LM DB RS R A AR T D T2 DI
LB IETH DAY, Ogane et al. (2009) (XFEFEDO T
ERBBCRICHENTE L2 L, B OEE~D
T A ROE DR T A B & FIER O A&
BERACREZ -T2 2R L. F70, B
{2 PDMPO Z #iSAN L7- BT, ik duds ke
b A FROHEEMAMURN O ERERE S
52 ENfEND B LT (Ogane et al, 2010)  (Fig.
3) . Z Ui, Anderson and Swanberg (1981) <° 4 A

(1986) 73, (bATCSEM L DB # & FI T AFJE M &
HMEH L, BIREEEZ S 2ENRY = 21313
—HEHIT DR THoZ. 51T, Ogane et al. (2010)
(3, BRIRACHC R TIISNBITALE T 2 BRI iRk
AFROWENPRE, TEZ U T HTIHEHBH=SE

(cephalis) , MiB#k= (thorax) , HE#B#%= (abdo-
men) DEEIZ ZBILT A FNLET DO, Z
LS OFRE TIE ORI @b A FHRLET
LT ERRHE L.

TR OB R R EIBRR O IR vk Tlo AT
PO HT, BUES RARENREZ . FFICZE
TOWRTIE, HOIBEVRINTEHKIC, S5
BHAINT OHEFEBETDHICE EE-TED,
BRIELDEIINZOWTIIASHOEETH L. F
7o, BB OLEEN A ZOERETH
2.

B ROREME

YT T, Bk R bE OFEEM D 5
EOWRFREE A HEE T D WF5EH] (Ttaki et al., 2008) 23
Wzo7o0b%. HEEICHWDEBE®R 2 RIS 57
OIZIE, FRIZATAZYTHRETFTETZ U THIZEBW
T, TNENOBAROAERREO EfgleT — 42N
METHD. 2Ok, Hoy, K, tE BHFZ
Rt A FRIREIZXIT DR AT T T 5.

Y32 L TIL, Spa. tetras tetras T 30.0-40.0 O
> 4 B (Anderson et al., 1989b) , Did. tetrathala-
mus tetrathalamus C 30.0 & 35.0 @ 2 Bt (Anderson
et al., 1990) , Dic. truncatum T 27.0-32.0 O D 5
P (Matsuoka and Anderson, 1992) DT, i
TR &CHEEMM, AffEENtiganz. 2
DRGSR, iy 30.0 TH:FE L7= Spa. tetras tetras LIF:
LR TRIRRIEZ R 572, Spa. tetras tetras 7345 T
RS ~DMEICS D 2 L 2BRE, Thb OfEITA
WIESTHMEZFF S Z e h, BB LT 5
WHEREBEREA~OMICOMETHDL EEX DT
% (Matsuoka and Anderson, 1992) .

AKIRIZDOWTIE, Spa. tetras tetras T 21.0-36.0°C
DREID 5 Bef (Anderson et al., 1989¢c) , Did. tetrath-
alamus tetrathalamus T 10.0-36.0°C O D> 8 Bt

(Anderson et al., 1990) , Dic. truncatum T 15.0-36.0
°COM D 4 E¥P% (Matsuoka and Anderson, 1992) ~Cifif
PR IT O, WO S & iR~ O A
<, Spa. tetras tetras & Did. tetrathalamus tetrathala-
mus T 31.0°C LL LI (Anderson et al., 1989b;
1990) , Dic. truncatum ~<Tl% 32.0°C LAl (Matsuoka
and Anderson, 1992) THlfZDOIRRENIEL /o7, Hl
FEDOUFETIE, KIEDY 31.0°C LA EE 72 DHEEIEE L
VY BB OAR W EIRMMENE, Z 9 LB~ O
WRTRDTHAH S, —J7, RRMEIIEIC X 2E W
KE\. Spa. tetras & Dic. truncatum % 21.0°C LLF
THAFIGHICEBEN M-I Xt L, Did. tetrathalamus
tetrathalamus 1% 10.0°C T HiE/KIEDEE & [FE D4
TFIE %78 LT=. Did. tetrathalamus tetrathalamus 1%
Spa. tetras & Dic. truncatum £ 0 @i E THOAT D

(Boltovskoy et al., 2010) . {KIRMHEDEZEV ML, D7
I OB B S FTREMEAN S .

SEEITOWTIL, Spa. tetras tetras (Anderson et al.,
1989b) & Did. tetrathalamus tetrathalamus (Anderson
et al,, 1990) TR ITONL TV D, W ofd
b, Ot & AR WIS AR B B 2 PR ME 1B 2
SR o T, HE U TR L7 Mie o5 IR
2, HEBTTRE LML bEVE W) FER
DELN TS, WO HEREEES Z &
2, ZORBIIHHIBZEDO L ODIEL VD XD
b, LABEA~OREE R L TV D ATREMER B 2
LS.

BIF b r A BIREIZOWTIE, Spa. tetras &
Dic. truncatum OR 5T, 50-150 uM DD 4 BT
it P 5% Bk 25 47 > #L 7= (Sugiyama and Anderson,
1997a) . ZOWEIC LD &, TR A FRIRE 50—
100 uM TIHREECHEMBICEEZR T 2o
25, 150 pM & D EIREE TIEARR S BRE S e,

IS QMRS TON L, AFAT VT
H @ Spa. tetras tetras, Did. tetrathalamus tetrathala-
mus, Dic. truncatum ® 3 FEOHThH5H. ZIbIT,
AR ZEHBL L, PRI 2 &0 0, £
5 - B BENRNAES R TH S, HERER
DOFEREF DD L, MIZL->TEHETOENEDHD
7%, 30-35 &7 D IRWVELFH D4y CTHEFN AIRET
bDH. BB A FREE, K THAEF - KL
ENTFRETH DY, @ E b A FIEE CIIRE
DEE SIS, EFROAFIITEELTHZ &N
VZETH DA, HEICITANEN & <, mimE K
VY, EFETEDRIEO FRIFAEICS X 528, 131X
20°C BEET, BN HD. O Lzl
1%, WHERER T 3 EanThbiE&kTh D
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£+ (Kunitomo et al., 2006) , AESWHE S B~ M L, RET 2 XEHEIEZ V. 5%, mEER
HWLEIET D HNE 0T & (Boltovskoy et al., 2010)  DfTbiiz 3 AT T AMEE L TR BN 2 ®
NEATHA L LR, 20w, ol L, BEOEEEHEN LSE5 2 EBRETHS.
AT DR, Bip 5 BN R Y A RO BB

Table 2. The specifications of the plankton nets to collect polycystine cells in previous studies

Article Shape of opening _Size of opening  Mesh size  Examined species Experiment description
Anderson and Botfield (1983) - - 333 um  Thalassicolla nucleata feeding experiment
Anderson et al. (1983) circular 0100 cm 333 um  Thalassicolla nucleata movement of radiocarbon
Anderson et al. (1985) circular 9100 cm 333 pm Thalassicolla nucleata movement of radiocarbon
Anderson et al. (1989a) square 50 cm x 50 cm 76 pm Spongaster tetras tetras feeding experiment
Anderson et al. (1989b) square 50 cm x 50 cm 76 um Spongaster tetras tetras limitation of survival
Anderson et al. (1989c¢) square 50 cm x 50 cm 76 pm Spongaster tetras tetras growing experiment
Anderson et al. (1990) square 50 cm x 50 cm 36 um, 76 um Didymocyrtis tetratharamus  limitation of survival
Matsuoka (1992) square 50 cm x 50 cm 36 pm Dictyocoryne truncatum gorwing experiment
Matsuoka (1993a) - - 36 pm Dictyocoryne truncatum observation of living cells
Dictyocoryne profunda observation of living cells
Hymeniastrum euclidis observation of living cells
Euchitonia elegans observation of living cells
Didymocyrtis tetratharamus ~ observation of living cells
Pterocanium praetextum observation of living cells
Spirocyrtis scalaris observation of living cells
Matsuoka (1993b) circular 020 cm 40 pm Dictyocoryne profunda observation of living cells
Dictyocoryne truncatum observation of living cells
Euchitonia elegans observation of living cells
Lophophaena hispida observation of living cells
Eucyrtidium hexagonatum observation of living cells
Pterocanium praetextum observation of living cells
Carpocanium coronatum observation of living cells
Acanthodesmia vinculata observation of living cells
Zygocircus productus observation of living cells
Matsuoka and Anderson (1992) square 50 cm x 50 cm 36 um Dictyocoryne truncatum limitation of survival
Ogane et al. (2009) square 50 cm x 50 cm 44 pm Rhizosphaera trigonacantha  PDMPO experiment
Acanthodesmia sp. PDMPO experiment
Spirocyrtis scalaris PDMPO experiment
Ogane et al. (2010) square 50 cm x 50 cm 44 pm Anthocyrtidium angulare PDMPO experiment
Clathrocyclas (?) cassiopeiae  PDMPO experiment
Eucyrtidium hexagonatum PDMPO experiment
Lophophaena hispida PDMPO experiment
Rhizosphaera trigonacantha ~ PDMPO experiment
Hexacontium philosophica PDMPO experiment
Spongaster tetras tetras PDMPO experiment
Rhopalastrum elegans PDMPO experiment
Dictyocoryne profunda PDMPO experiment
Sugiyama and Anderson (1997a) - - 36 pm Didymocyrtis tetratharamus  limitation of survival
Spongaster tetras tetras limitation of survival
Sugiyama and Anderson (1997b) - - 36 pm Eucyrtidium hexagonatum observation of living cells
Pterocorys zancleus observation of living cells
Spirocyrtis scalaris observation of living cells
Sugiyama and Anderson (1998) - - 36 um Didymocyrtis tetratharamus _ observation of living cells
Sugiyama et al. (2008) - - 36 um Eucyrtidium hexagonatum observation of living cells
Pterocanium zancleus observation of living cells
Dictyocodon prometheus observation of living cells
Suzuki (2005) square 50 cm x 50 cm 44 pm Rhizoplegma trigonacantha  observation of living cells
Suzuki (2009) square 50 cm x 50 cm 44 um Haliommilla capillaceum observation of living cells
Suzuki and Sugiyama (2001) - - 36 um Diplosphaera hexagonalis observation of living cells
Swanberg and Anderson (1985) circular 050 cm 75 pm Physematium muelleri feeding experiment

Spongodrymus sp.
Thalassicolla nucleata
Thalassicolla sp.

feeding experiment
feeding experiment
feeding experiment
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& - BRORER

BB i OFRAE - B AR YR, R (2002) 12+
Za T VI E LD LNTEY, B HEE SR
TWa. LaL, filxoifgicisuywais, BIIDE
CTHIMNZRENN D 5. ERBRAIC, fE - B
FEDOMMNRENT L > T, FFFICERE  B#%
1o Th, BRESND MR OAEFEESKE B
RHZEDRDHD.

FPHRE

INETITON R EROHITIL, BES OE
SEBRFT (Anderson et al., 1983, 1985; Matsuoka, 2007;
Ogane et al., 2009, 2010) CFAAEMLIE (Swanberg and
Harbison, 1980; Swanberg et al., 1986) THEFD ki i
MR ORENITONT. BB END ORED
RHLNTWED, o EENHRTETEDH
3 (R, 2002) , —MICHEKRDOEEE R I
LM CTEREZITO ZEBMEL VRS, B, B
TEBHLTEWRWS OO, EJEETE (Kurihara
and Matsuoka, 2010) <> = jff 2> & # (Sashida and
Kurihara, 1999) THAMAESRE SN TR Y, 4%

15

DWFZETH R L W2 5.

WEtOBEL, 777 bRy RTIThbLb
EMZ. TNETOIMETHEDLNTTF T
X MO REORIR L A X, HEW, WFEx4
L HMZ T L (Table 2) . Jkiik oo A il ksr
BLIZIHBEENTWM T2, Ry FOBIRSPH
BEVITAFRIC k> TR 5. AfRIE, 50 eom BRED
LOBRMHI N TWDHINRELL, L, va T
T2 EERFF R W NIRR I BRI AL, FTH
WTERET 2 72DIHNCT NI A X Th D &b
N5, BEWE, 76 um, 75um, 44 pm, 40 um, 36 pm
EEB0ER"H B, 75-76 ym ODHAVDOT T 7 b
3oy M, BB RO A S L (Anderson et
al., 1983, 1985, 1989a—c, 1990; Swanberg and Anderson,
1985) , ¥ H LA LEDEEE AT > TV DS TOREH]
#1232\~ (Anderson et al., 1989a, b, 1990) . —J5,
HAEWD 4 pm BUTFTOXR Y bME, WO of5k
EERWT, MBIV A AOFEEEE L, B E
DBLEE ZAT o T2 W8 T O 653 % v (Matsuoka,
1992, 2007; Matsuoka and Anderson, 1992; ¥A[if], 1993a, b;
Sugiyama and Anderson, 1997a, b, 1998; Sugiyama et al,,
2008; Suzuki and Sugiyama, 2001; Ogane et al., 2009, 2010) .

Table 3. The experimental conditions of the seawaters and the vessels in previous studies

Article type of vessel Size of vessel volume of sea water (ml)  percolation
Anderson (1978) pyrex vessel 240 percolated
Anderson et al. (1983) pyrex culture dish 100 percolated
Anderson et al. (1984) pyrex culture dish 100 percolated
Anderson et al. (1985) polycarbonite vessel 100 percolated
Anderson et al. (1989a) glass vial 20 ml 5 percolated
Anderson et al. (1989b) clear vial 030 mm x 90 mm 35 nopercolated
Anderson et al. (1989¢c) clear culture vial 030 mm x 90 mm 35 nopercolated
Anderson et al. (1990) culture dish 030 mm x 90 mm nopercolated
Drits et al (1987) flask 70 ml
Matsuoka (1992) clear vial 030 mm x 90 mm 35 nopercolated
Matsuoka and Anderson(1992) clear vial 030 mm x 90 mm 35 nopercolated
Ogane et al. (2009) glass tube 20 nopercolated
Ogane et al. (2010) glass tube 20 nopercolated
Sugiyama and Anderson (1997a) sixwell plastic culture dish 15 nopercolated
Sugiyama et al. (2008) glass vial 025 mm x 60 mm
glass vial 025 mm x 100 mm
glass culture dish 050 mm and @90 mm
multiwell tissue culture plate 023 mm x 20 mm
Suzuki (2005) multiwell tissue culture plate
Suzuki and Sugiyama (2001) glass vial 025 mm x 50 mm
glass culture dish 050 mm
glass culture dish 090 mm
multiwell tissue culture plate 023 mm x 20 mm
Swanberg and Anderson (1985) 100 percolated
Swanberg and Harbison (1980) closable Erlenmeyer flasks 125 ml 50 percolated
Swanberg et al. (1986) polycarbonate tube 40 percolated
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B H D BB

FREUL O Fics el L, MDA B 77 (T
Thd 1 MU, BlEHORRICHET S
(F& i, 2002) . FREREIOREN &I E 5 & B
ETIZHFHS>TLEIDOT, WAKRTHEZMHNT L L
JV (Anderson et al., 1983, 1989a—c; Matsuoka, 1992;
Matsuoka and Anderson, 1992; Sugiyama and Anderson,
1997a, b) . A (2002) (X5 &, HEEOBICITE
TRtz AnofixirE L, Rethor7 7 ho
LB ESE 5. KRIZ, RBHOWAKERET, Kol
REtzD LFory —LICBYT. Tk 100200 fF
FEEE OE RO AR FERBEME T CTHIZ L THROM
JaZtE L, NAY—LEy FEHWTHEETS.
HARE U7 ool E, k& &bl 6 o~ T
U7 L= MCARTBEI N TS HA LN
(Anderson et al., 1989a—c, 1990; Matsuoka, 1992, 2007;
Matsuoka and Anderson, 1992; #A[f], 1993a; Sugiyama
and Anderson, 1997a, b; Suzuki and Sugiyama, 2001;
Suzuki, 2005; Suzuki et al., 2009a; Ogane et al., 2009,
2010) . %/ (40 pm BRFEFE) 7oEREOMETS e B AR
PO, PIREREMECIIRAK LT L%
V. BT, T OBIZITITE LM A AV T
200-400 fERRE OFR TR - HEET 20BN H 5.

BRI

HIFHLL LORRE AL T 5856, Boihimi
EBBEMRIRND, NAY =Ly NV TH
#HORHEICTH T (M, 2002) . 7L,
Sugiyama and Anderson (1997a) I, A~ F AL
EMZ DT OBEARH/~OREHEEZITDT, B
HARBICHBEBANL TV D, BEEHROMW KO =
i, WFgE O BB i o FERE, B 2r &I
FoTHRAED., ZNETOMETERICHEDNERA
OFME, A X, WKE, WARKOBBOAEL E
L7z (Table 3) . kDR, E< &b 1 HFLE
O OREEZ B L TOHHETIE 1 Mlud e
“ 5 ml 205 20 ml F2 (Anderson et al., 1989c;
Ogane et al., 2009, 2010) THHDIZxtL, 1 #HELLE
DR EAT S T T, 35 ml FREE & kg2 <
D RIKMEK %> TV D HI23Z 0 (Anderson et al.,
1989a, b, 1990; Matsuoka, 1992; Matsuoka and Anderson,
1992; Sugiyama and Anderson, 1997a) . fit~> T, £E#i
I, 22 e 1 Miadbzv 35 ml FRED
ZHOWKREMES L LI B2 HND.
FRRMIEBROBIL, KRE —EIC kol KIEE
BWRMEDOIT D & TKRIREMERL, AT TREKE
12 T OOV A 7V ED S5TND I EBRLN
(Anderson et al., 1989a, b, 1990; Matsuoka, 1992;
Matsuoka and Anderson, 1992; Sugiyama and Anderson,
1997a, b) . MR OBEOMEIEDOHARIE, Anderson

etal. (1989b) & Aaff] (2002) MFEMIIZFLR LTV 5.
T DR O FEAR B IEITIZIEF T T D08,
Anderson et al. (1989b) TIL N5 L% Y TloDIizxf
L, [ (2002) T ENLHEY¥TTND LD
HWARH D, WIIOH R OEEEICHE LT
L, B A T TR,

WO R AL, K 1 7 B & Ay R I
2720 B N EAF R RET&H 578 (Anderson et al.,
1989b; Anderson et al., 1990; Matsuoka and Anderson,
1992) BRI EEFED K O 72 ORGHI 72 AW H3 1Y
ZHEVIHIMEALRE I N TV D (Matsuoka,
1992; Matsuoka and Anderson, 1992; Sugiyama and
Anderson, 1997a) . % 5 <, RARMWAKE A8 -
BB X APWHE e LI T d Z ENFEKRE Bb
N5, K0EERER - BROTDITE, Dl Eb
M DEMDRN LIRWGRME A DUERH S D .

BbHYIc

BBk 5 EEICOIEAREEE2FD (De Wever et
al,, 2001) , L2xbENIMbAiidks L TRFESNT
WHEWIRERT T b ThD. ZIE,
{EOHIEREREE DB ML D A DEAL 2R D 1T,
FlbtnRLEEE ALY UL, ZTRETITR
NT &2 KD A e o AW RS IE, bR DB
gefl & el LTINS 2, AR 2 ik R o
e T A n bz >ob 50, HEERAE
U CHE oA e & R 2 D 72 X R S Tn
B A%, MR AMBOBIEN S bIcHET 2 L
T, AW WAEWFONFIH T RERNH D Z
EEHRELIZ.

e

AROBEICY 20, HILKRFOSAMLEBED
SIXEE O Lk E TR, F2, KR
T A PRl U 72 ok g, BRER O SR B A Wy R F 72
Yo Z W T R CIT DAL i R gE Y 7 —
&, AbMEE R FKEF A B E RS L X ARE
216 WHLHECHRE - IR S, HEICHY, W
JEHFIE h I, BORCRBEIE Y 7 — DA - EE A
1T 78 o TR R D s ] 76 ohs & LR e,
W BBFIEY T2 ME O, BL X ANFEM
B, % 216 WIS INE ORI KRE T8 hnwi-72
Wiz F7e, ESRVREWAE OIS e, )
LR P OEAAE BB, ALIEE KO 11 D EHEE=
DIFTZ 07 b #HEBOERIIZHFTYH T >
T Mz TIEWE, BLED Tz, EHELHE L
EF5. B, BLEANE 216 KNLIEEMICY
7o Tk, ESIRFEWE ORI NEEICR T
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LHEMEAY URAEEY, wE) o AT
(fAFH T, 2010 %) oEbhzEZd 7.
B#%IC, ARezBERVEEVE SEREZV SN

7o 2 HOFER, RREOEEI ZHHTEWZEN R

MR OIS < it BEICY 20 BHEEIC

RO RFEOWMEZBE D #, Rz PET HHES

AW AARFAEESYFSITHILEBE L RF 5.
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