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Ken-Ichiro Ishii', Shigeki Sawayama', Toru Nakamura?, Akira Ishikawa®*" and Ichiro Imai*: Species identification on diatom resting stage
cells in the sediments of Ise Bay, Japan. Jpn. J. Phycol. (Sorui) 62: 79-87, July 10,2014

Resting stage cells of 25 diatom species, including one variety, from the sediment of Ise Bay were identified using light microscope.
Nineteen species could be identified based on the morphology of these resting stage cells. The rest of six species, including one variety, were
unable to be identified based on the morphology of the resting stage cells because there was no diagnostic morphological information of the
resting stage cells. Five resting stage cells were identified from the germinated/rejuvenated cells as Chaetoceros eibenii, Ch. laciniosus, Ch.
didymus var. anglicus, Actinocyclus cf. octonarius and Coscinodiscus cf. radiatus.

Key Index Words: diatom, germinated/rejuvenated cell, Ise Bay, resting stage cell

'Laboratory of Marine Environmental Microbiology, Division of Applied Biosciences, Graduate School of Agriculture, Kyoto University,
Kyoto 606-8502, Japan

*Training Ship of Mie University, Kurima-Machiya, Tsu, Mie 514-8507, Japan

3Graduate School of Bioresources, Mie University, Kurima-Machiya, Tsu, Mie 514-8507, Japan

“Plankton Laboratory, Division of Marine Bioresource and Environmental Science, Graduate School of Fisheries Sciences, Hokkaido

University, Hakodate, Hokkaido 041-8611, Japan

* Author for correspondence: ishikawa@bio.mie-u.ac.jp

®E
/n FREEICER T 2 7 T v 7 b BRI, MR iR
DZEALICIE L THIE 2 DR L T %, 22T H EEEHIE
i’a@‘h’éiﬁmé%c:m%#a’ziﬁﬁ LT, EFrANEOMEY L
U CHEAZ#HZHS . —/57T, & 2EOBEIL RO K
ELT/VDMELZLIESHITIENS, KEERIIEWT
bEREEL YR CH S (Nishikawa er al. 2007)

HEs IR OME 2 SRS AE R B T T, A%
AT B RIHAIIE 2 RT3 2 LA 6T\ % (Hargraves
& French1975, 1983, Garrison 1984, #& 2000 72 &), Z
DRHRIMINE I, BETHBRES D IF R K - CTHOFEF - 1816
T3 ETREMBERD, KETHIET 220D 0bIE
Mg (¥ %)) L L% %573 (Hargraves & French
1983, McQuoid & Hobson 1996, Itakura etal. 1997 72 &),
L 73>, MEHERTY h o ARIRIHIE X seed population
ELCEER S NG, HaeH oL WRNICEE T 572012
i, 2O AKEICBE IRV &0 TR 2.4
EH23h 5,

HEREE ORI L RE A I I ARIRAE 7 (resting spore)
& RIRAEE (resting cell) & 2431} 5415 (McQuoid &
Hobson 1996). Hi# (52l id o s o i st ia & 1
TERED 2 X B D7 R Z , REMIE L D bR
WEERH OYGRIEIE 2 AT 5. C OWRIRIE T A3 O R 5z [

952 & %% (germination) EWFRT 2, ZHETIC
130 "L DB ORI 23R Z LTV 558 (McQuoid
& Hobson 1996), Z o l3HEMHARTIZI T —HicT &
TARME DRIRIE TS HAFAET 2 2 ENTFHINT RS
—J5, PRIRAIAEIEEE ORI 2 & Fkk DB 28 U TR
I, BRNTOMIRE ICKEME X D b aoRVEERD
FEDPHERINTLEH0D (595 1990, WA S 1992,
McQuoid & Hobson 1996, #%& 2000, Ishii ef al. 2012),
PR OWRE L REME & XB T2 2 EBARAEETH S, 2D
MDY OBl 2 AR 9 2 2 & %1875 (rejuvenation) & W
W95, g T, WEEEORIRIHI T 2 2 &
ZHIELWEFRL (121, McQuoid & Hobson 1996), #7k
H o RIS TR ST 2 & & 21306 & WA § 2 fiHin
I2d o 78 (Bl 212 Sicko-Goad et al. 1989), Z#513W
MICERINT I R o7, AT TIEIRIRIET & ARz
OFBE XBT 2 0FE03H 5 L& 2, KRIRIEFOFEE%
J63F (germination), MRIRAHAE O FIETE % #3% (rejuvenation)
LERT 5,

5 R HERE Y Hh o BRs B AR IR TG oD %5 B8 2 TR L 4
By 25k E LT, PRS2 o - EEREIC X 2 &
PRI O fEF R OB T o s, InE T, HE
SRR 2 (R B & » CTRERIE L, 2T 720
Fei3 D T A 2w, Pitcher (1990) 3R 7 7V A D — 7
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ESh O RIIC B\ T, KENICE T B Chaetoceros J& D5
HIAE & ARIRSE T2 E RS & - TR L, BRIz ET 3
WZEDOEHEZ P S0 Lz, Z DU Tl RIRIEF o fEE
WGEEMEFEMEE (SEM) BHwsz23, 206 D5
BRI EEEHONRRME F — 7 Lofit LTREINTE
D, FL NV TORENEEFEIZTHbITWwiv, SEM %
P TERERIZ L, WG DM 2 B% L CTREFE T 512
L CT0BDY, ZN6EZFET S 2 LIZIZIFATARETH S,
ZOMME LT, KRIRATFZMERET 5I1C1E, Y% AED
Siilaz T 20EBH D, REA A VIEECLYEES
N7REED SEM I & 2 @%¢Cld, 2T OMINEZ M fEF
EL, AT LR I LB FoNns, &5
12, JFEHEREY TR ORI 2 fE R E T 2B, %< D
YR T 2R E LDV BIET 2 0B H 57O, EZHM
BTk AEBRENRR LYY, Thbb, WEHEEY O
IR B 2 8 9 21203, SEEmse FolAT T 2
7= D DIGREAINTERPNA L 2 5,

N E CTHEEHERTY I B B EEEESERIR I I o> 25 B
W&, eESE (MPN ) W THREED ST &7 (Imai
etal. 1984), Z® MPN k1%, KH7%x 2MED LW EER
TR T 2 13 G8 72 R TH 228, BIHBRAL 200 cells g
wet sediment & % DR OHIIEZ HFITE 20 & v ) KD
H o7 (535 1990, Itakura et al. 1999, #i& 2000) ,— /5T,
% OFEOFEEHERIRINHIE 2 TR T % 2 L 2NEER S
2T > T3 (McQuoid & Hobson 1996), & 52
FLWIFE & LT, Chaetoceros JBRIRIET 18 FE o #1722
JBRE & 2N o O FHEME comEERENREI N TV
% (Ishiietal.2011), 7, ZOMDJBIZEB LT HHZIZ 6
ORI OFAEDH S 2 S, 2N Z DN AN
FECOMFEEAEDIH S N T3 (Ishii ef al. 2012),
Z D & 9 I O EFH O RIRIIHINE I B 3 2 TERE 221 22 1T
FOMERICE D, EEOMEMEYPICED X ) BEOKIR
WIS E U EFEE L T % 2 EENICHHE T X 5 6
Wbz, 2 2 TARPIETIE, ZNFEFTHL2IZINT
- HE AR I O TE A SR Z B L <, 38
TR HER Y o O PRI 2 G- B T cERE T2 2 &
DIU[EE & 9 DR MIEE L 72,

MREFE
I HE R DRI

MR RS, 2011 4E5 H 21 H2 6 24 HIZ 1 C
frb e HEAR A E B0 A Bk AL 1105 il o B 3498
K DB 72, BRHUAE, IS1 (34°58.11° N, 136°43.78
E), 1S2 (34°57.07" N, 136°43.49’ E), IS8 (34°48.72’' N,
136°43.70’ E), MZ(34°37.71’ N, 136° 34.34’ E) T& 1 (Fig.
D, AKFEFZznZN23, 26, 35, 11 m TH-o7, FHRITIF
HEERAERERE S (52— 7 W34 cm) 2/, SERIUE
ICEB L THIRHER YRR 2 3 A OIL 72, SHRIUN TR,
AR FE3 em 2YI DD, 79 A F v 7 BRERICINAE L 7,

13630 E 136736' E 13642 E 13648 E 13654 E 13700 E
3518 3518 N
3512 . 3512 N
Z Nagoya City
35°06' 3506 N
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Fig. 1. Location of the sampling stations in Ise Bay.

ZD%, EHIHEEET (7°C) BB, 2 » HM HRET 3
L CREMEOAE T 2 REE 2 BERR L 22, dRIEHERIE
Be2z0E FBET 5L, YN TFEORETBIEI D T
WiETH 5720, k1 g (wet sediment) % 100 pm 2 20
um Hofiz T A Xglizfio>7, 2L, 20 yum H
Dfii ORI % 10 mL OGEREIKICEEL, Z2oH0
IR IR 2 o U R HE &2 fT - 72,

D[ E

e R IR T A0 I o Bl o [ 1k 807 BE M BE (Eclipse
TE200, Nikon, Tokyo) % f\>C, Table 1 (278 L 72 SCHkic 3L
DT o 7, BIEOME T, MFEESA R LS
PREIHMIAR I D W TR FEEF - HRFERICH L, 56 n7cgss
MAADTGEICHE W THEORELR T 7, £, WMOk-7
ETOREMIIIC WL, BRAEOIEEZHET 274D
ICFEEF - EIREBICAE L, FEE - ENE L o MFE & Ik
IR DR E & OFE TfT o 7, F83F - HIGFEERIE, v
YU —BIEIC Lo THEEL 2 4¥Ma g, BERTRL
72F v =254 F (Matsunami Glass, Osaka) IZINE L
T L 72 (R8I 20° C, JE4%fF 50 pwmol photons m™
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Table 1. List of diatom species of resting stage cells identified from
sediments of Ise Bay based on the morphological characteristics.

Identification ~ Formation of

Species . References”

by morphology resting stage cell
Actinocyclus normanii Possible RC 1
Actinoc. cf. octonarius” Impossible RC
Actinoptychus senarius Possible RC 2
Chaetoceros affinis Possible RS 3,4,5,6,7,8
Ch. constrictus Possible RS 3,4,5,9,10
Ch. contortus Possible RS 8,7,11,12
Ch. curvisetus Possible RS 4,5,6,8,9,12,13,14
Ch. debilis Possible RS 4,5,7,8,9,13,15
Ch. diadema Possible O R VLN TR
Ch. didymus var. didymus Possible RS Al‘é,s’lg: 36%?: 5: ;g’
Ch. didymus var. anglicus Impossible RS 24
Ch. distans Possible RS 3,5,8
Ch. eibenii Impossible RS 21,25
Ch. laciniosus Impossible RS 4,5,7,9,
Ch. lorenzianus Possible RS 3,4,5,7,8,9,12,14
Ch. pseudocurvisetus Possible RS 4,5,8,9,26,27,28
Ch. radicans Possible RS 4,5,6,7,8,9,11,15,29
Ch. vanheurckii Possible RS 3,4,5,8,15,18
Coscinodiscus cf. radiatus" Impossible RC
Detonula pumila Possible RS 2
Ditylum brightwellii Possible RS 4,30,31
Leptocylindrus danicus Possible RS 4,19,30,32,33,34,35
Paralia sulcata Possible RC 4
Stephanopyxis turris Possible RS 4,36,18,31
Skeletonema sp. Impossible RC

“ resting stage cells are unkown
" 1, Sicko-Goad et al. (1989); 2, Ishii er al. (2012); 3, Gran & Yendo (1914); 4, Cupp
(1943); 5, Stockwell & Hargraves (1986); 6, Pitcher (1990); 7, Jensen & Moestrup

(1998); 8, Ishii et al. (2011); 9, Rines & Hargraves (1988); 10, Riaux-Gobin & Desclas-

Gros (1992); 11, Rines & Hargraves (1990); 12, Kooistra et al. (2010); 13, Hargraves
(1979); 14, Pitcher (1986); 15, Garrison (1981); 16, Hargraves (1972); 17, Hargraves
& French (1975); 18, Hollibaugh er al. (1981); 19, French & Hargraves (1985); 20,
Karsten (1905); 21, von Stosch et al. (1973); 22, Round et al. (1990); 23, McQuoid &
Hobson (1995); 24, Okuno (1956); 25, Ikari (1925); 26, Kuwata & Takahashi (1990);
27, Kuwata et al. (1993); 28, Oku & Kamatani (1995); 29, Stockwell & Hargraves
(1988); 30, Hargraves (1976); 31, Hargraves (1984); 32, Gran (1912); 33, Davis et al.
(1980); 34, French & Hargraves (1986); 35, Ishizaka et al. (1987); 36, von Stosch &
Drebes (1964)

RC: resting cell, RS: resting spore

sec’, 24 BEMWAI) . 2 0%, HERIRMLYY REF 2 FEICO VT,

BEAEMR & U CHENZ LAERF L 72, FERIEZR T 2 LTl d WD
Tl & 17z Chaetoceros JERIRIE 122> TiZ, Ishii er al.
(2011) LIS T, THDLARBOMEREORRICIE,
T%1L51 (single ring of puncta) DEZEIC X b MO LT
MAERET S EWBEE %2, SHOEETIE, Z5%
{57 B N CBIZETRE D Z WRGE L 72, % 72, ZEALIIDHER
PHREE RS AE, ELHEME (Eclipse W600, Nikon, Tokyo)
ZHGTHRAIYL v X (BERER 1,000 %) 12X 2@ H 8
BROBT THIEIC K 2BI% 21T o 72, GAIIOBIZEIC K-
TETHAMPEE > L ARBRIRIE T, MEEE e
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Fig. 2. Optical photomicrographs of Chaetoceros affinis. A: resting spores
of Ch. affinis. B: germinated cells 24 hours after the incubation of the
resting spore shown in A. C, D: cultured cells established from resting spore
shown in A. Scale bars indicate 20 gm.

Ishii et al. (2011) ICHFH I TV AR VLE ORI I2OWwT
1%, Table 1 IT78 S N7 ICFL S NG R = b & ICH
6] %€ % 47 - 7z, Table 1 Ci‘%ﬂf:an%j(@qj’@ WHEH'P]?O)
TEREEHREE S N, ShOfEEICFEICH S i
Rines & Hargraves (1988), Jensen & Moestrup (1998) B’(U\
Kooistra et al. (2010) T»H %, F7=, KIS ML &
FHUEELZ L Twb 7o, 3L VWIBEANEHRD Table 1 TR
SN EN TRV ENHE, 22T, SRHD
Tl [F] 22 T U3 R =M O (S 2 M7 I FLi L T 5, Tomas
(1997) J 0¥ Hoppenrath et al. (2009) % Hiaic, RS
N2 BY 3 2 BEGR X DTE e Gz b & ICHRIE 21T > 72,

HEREER

PEED 5 15 5 N R HEREY )
DRIEIAM 2SR S /e (Table 1), BUTF Ik b EBELS
»> > 7%z Chaetoceros lEDFER %, i\ THBDERZ RS,
%8, PSR T ORI O R IR & 2 28 h3
potclod, AR O %Z £ LT Table 1 1TR L7z,

%, 10)E 24 1 Z2H

Chaetoceros JERIRIET

1418 & 1 22 © Chaetoceros J& KRR+, Chaetoceros
affinis Lauder, Ch. constrictus Gran, Ch. contortus
Schiitt, Ch. curvisetus Cleve, Ch. debilis Cleve, Ch.
diadema (Ehrenberg) Gran, Ch. didymus var. didymus
Ehrenberg, Ch. didymus var. anglicus (Grunow) Gran, Ch.

distans Ehrenberg, Ch. eibenii Grunow, Ch. laciniosus
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Fig. 3. Optical photomicrographs of Chaetoceros resting spores in sediments of Ise Bay. A-D: resting spores of Ch. constrictus focused on cytoplasm (A, B) using
differential interference contrast (B), focused on single ring of puncta (C, D) using differential interference contrast (D). White arrows indicate a single ring of puncta. E,
F: resting spore of Ch. lorenzianus, focused on single ring of puncta (arrow). G: resting spores of Ch. contortus, H: resting spores of Ch. debilis. I: resting spore of Ch.
diadema. ], K: resting spores of Ch. didymus var. didymus, using differential interference contrast (K). L: resting spore of Ch. distans. Scale bars indicate 20 ym except for L.

Schiitt, Ch. lorenzianus Grunow, Ch. pseudocurvisetus
Mangin, Ch. radicans Schiitt, X O Ch. vanheurckii Gran
DELLEDETR I 17 (Figs 2-4), Fig. 2A I35 Hi D Ch.
affinis ORI TH b, 2 TORED Fig. 2B D & ) 15
LR 5 OMEE T b, KIRIEF2 5 OFEFE

TEIICEY D EDERSIN, i, TOHFICLDH
BRIk T, 4K OfSKRIICHEE SN, BEkEHV
7MEFEE D P TITH) 2 & TEL (Fig. 2C, D). %k, &K
ORI 1340, MRARERT I B D /N (spine) &%
FET 228 (Ishii er al. 2011), gy 4 Xick->Tixzhs
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Fig. 4. Optical photomicrographs of Chaetoceros resting spores and vegetative cells isolated from the resting spores in sediments of Ise Bay. A: resting spore of Ch.
vanheurckii. B: resting spore of Ch. pseudocurvisetus. C: resting spore of Ch. radicans. D-G: resting spore of Ch. eibenii, girdle view (D) and valve view (E), germinated
cell (F) 24 hours after the incubation of the resting spore shown in D and E, and cultured cells (G) established from the germinated cell shown in F. H, I: resting spore

of Ch. didymus var. anglicus in frustule of vegetative cell (H) and higher magnification (I) showing the sheath (arrow). J, K: resting spores of Ch. laciniosus (J) and
germinated cells (K) 24 hours after the incubation of the resting spore shown in J. Scale bars indicate 20 #m except for B.

WIS 5 2 EPWEERG & H -7 (Fig. 2A), 2D X
BARBREIN D REFATCTHEDO PRI N WA
DT, I SICEMERTOMMBBEICLD 205 DFE
THHOHER»MTbi T,

Chaetoceros JERIRIEF O [ E (2 B 72 LYK, #1537
PMEE T TR TOMICB W THE TE 2, Fig. 3A-D 13 Ch.
constiructus DIRIRIET OB EETH 5, KRJEDOKIRNE
T ORI~ ~ bVigidic 1322 fL51 (single ring of puncta)

EWFIEN B TR DOREE—FIIEA T3 (Fig. 3C, D %
H). ZOREZHT 288 % 5 (secondary valve), Z
D Lo % PR (primary valve) & L, Z#uc & b fiiig
O EFAHABRESNS, o, MmdcEszs
b RIETIXBIEE T 5 2 L3 TE A0 (Fig. 3A, B), f&
REEZBRER LD PR METEDLE S LITLD,
BB T LB RETH o 7 (Fig. 3C), L2 L, f7
B EEE OB E ol T, @A IZBE L
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Fig. 5. Optical photomicrographs of resting stage cells observed in sediments of Ise Bay. A, B: resting spore of Detonula pumila, girdle view (A) and valve view (B).
C: resting spore of Ditylum brightwellii. D, E: resting spore of Leptocylindrus danicus, girdle view (D) and valve view (E). F: resting spore of Stephanopyxis turris. G-
I: resting cells of Skeletonema sp., and higher magnification (H), using differential interference contrast (I). J-L: resting cell of Actinocyclus normanii, valve view (J),
girdle view (K) and using differential interference contrast (L). M, N: resting cell of Actinocyclus cf. octonarius, valve view (M) and girdle view (N). O: resting cell of
Actinoptychus senarius. P, Q: resting cell of Coscinodiscus cf. radiatus, valve view (P) and girdle view (Q). Scale bars indicate 20 ym.
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WA D 57, 2D &9 REGEIZIE BB X 2
B v AWM TBiEEHWS 2 EIckoT, KD EE
SRS T E 7 (Fig. 3D). 72, BHRPIEoMIEE
DBZICB L THHy THEZ W2 2 LT, KDEIAN
RS & 815 5 2 L 25T % (Fig. 3B). Fig. 3E, F Tl
Ch. lorenzianus DRI T OB HZ R L TED, Ch.
constrictus & FRRICHESRIE 2 WY 2 fE~NEHOE S I LT
ZELFIElEE T & 7o (Fig. 3F), FfRICL T, SMEl5EIn
TARBRIBIETO2TOMICE T, ZOfMMEBIRSnHE
FEDBRDRIEEICHV 67,

SIRl%E L % Chaetoceros JERIRIEFDH T, BEAIDTZIE
EERD SO ETISTELMIZ 12 TH -7 (Table 1,
Figs 2A,3A-L,4A-C), Z#5 IZBEROAREARIRNET-DIRE
2G4 (Table 1) & Ishii er al. 2011) THE S h 7 A
RIRFE O R ERAEICE SO THFAE T2 2 e TEL, L
L, Y 2fEL 1 26, Ch.eibenii, Ch.laciniosus, XU
Ch. didymus var. anglicus |3 RO IEREA 5 (Table 1)
TIFHERIES A TRETH o7z, Ch. eibenii 1ZFFETFEERIMEL
TR O RE Z2 B fi [ E L 72 (Fig. 4D-G), ARED
RHRAE 13RI S EEEIR § 2 2 L DAIS N TWw 508
(F1#F 1925, von Stosch et al. 1973), L THEL WEHEY:
RIS Z L o 7o, S MBS S NIRRORIRIE T3,
e A4 2% 50~90 pm & fthod Chaetoceros BKIRIE T X D b
KBS K E o7 (Fig. 4D, B)., #o8 O fEE E AR KRR 1
DIEHE L FRRIC PR & ko & KD, MINERE 130 S 2
TH o7, Elilim (Apical plane) 76857 % & WG
L7 —FROBELETZ0ICHL, BB LD T
HELET—FROMETH- 7 (Fig. 4D), #ikim (valvar
plane) 758l T 2 L, fhd Chaetoceros J& kL kDI
BTh s LRSI N (Fig. 4E), AR, FEFIBRIC
ko nrBEMBOIED o fFEE 3 Thn: (Fig. 4F,
G), %7z, Ch.didymus var. anglicus \IRIRIET D D 125
BMIEOBRDIRGT L Tl ®d, Z DMLY & il
FE$ 52 e TEL (Fig. 4H, 1), AREOKIRME 1134158
RORELHHEL T —FRTHLDICH L, BERIERES
M7 —FRTH -7 (Fig. 4D, Wik & bRMIFFES»TH-
7y, BBURD = v RIS S F— LIRD S — A (sheath)
DM C W7z (Fig. 41 &HD)., Ch. laciniosus DRIRNET- (Fig.
4)) OFEFE, FEHFEBRIC X 0 B L 22 R ER o gD
S HEFEZIT> 7 (Fig. 4K), AN W) 2K i V&
57 —FREZLTED, BEBITIZNI BBRD X9 2k
WEAL T, ENZEMEITZNG 2B T 2 L3k
HTHEETH -7 (Fig. 4]). Z DHitild Jensen & Moestrup
(1998) TAMEDRIRIE T & L TRl LT 2 BIROMIEIC
HAMT AR D B, e, AFEOKRIRIET I 2 DDl
DX % o 7ARBETH A Bl I N A H > 7oy 5%,
M7 el g 2 17\, AR O REFEELZH S T
L8EDH B,

Z DA OHEEA IR

Chaetoceros J& A4+ O EEEFMRIRIIMAL 3, RIRIET &
IR % &9, 9B 10 BRI N (Fig. 5), RIR
Ria5-1, Detonula pumila (Castracane) Schiitt, Ditylum
brightwellii (West) Grunow, Leptocylindrus danicus
Cleve, Stephanopyxis turris (Greville) Ralfs @ 4 fii A5
AIN, 06 THERDOIEEAWERIC XV EOFRED
HHETH o7 (Table 1, Fig. 5A-F), 7z, Skeletonema
JE DRI 23HERR S 417228 (Fig. 5G-1), Skeletonema J&
3T AR D B DM ks & D e BRI X A R E
DAUHE & 72 o 7272 % (Sarno et al. 2005, Zingone et al.
2005, Sarno et al. 2007, 111/ 2013), J&L XV OIHEEICH
F o7, 7, SHlER S iz Skeletonema sp. DIRIEMINE L,
HPHRHA Z TP L 7IRETHIZE I N2 T L35 K, Z Dl
FRRIC B T 2 RIRMIIE DT B @ DR =M% B S ¢
72 X9 kgL LTl (Fig. 5G-1), 5% & S5 ICABERIR
a2 TR ZER KD 5 5, Z DD RIRANNE I,
Actinocyclus normanii (Gregory) Hustedt, Actinocyclus cf.
octonarius Ehrenberg, Actinoptychus senarius (Ehrenberg)
Ehrenberg, Coscinodiscus cf. radiatus Ehrenberg, M O
Paralia sulcata (Ehrenberg) Cleve @ 5 fl2MHER X 1172 (Fig.
5J-Q). Actinoc. cf. octonarius (Fig. 5J]-L) K O Co. cf.
radiatus (Fig. 5P, Q) @ 2 flIZIRARHINEIC B4 2 i o3
(Table 1), AWFFEDOFEFERIC X D KB L L TOWFD
RSN/ 2 & T, WICRIRZ 7= DFET 5 2 &3]
Mo, UL, I 2 MoIEMEAHEREICIE SEM
% O 2Bt O FEM 22 DA I %5 5 72 (Tomas 1997),
SR AZMEE T 2ICIERS B o,

BEOWIZEIC LD, RIRMIED B AR/ & He L
THtaZ SR L, ZNSDNHMICREMEADS 2 2 LIRS N
T3 (55 1990, &S 1992, Ishii et al. 2012), 4[]
Bl I N RIRAIAIC B L < b AR DI 2R S iz, RIS,
Actinocyclus J& 2 f % Actinop. senarius, Co. cf. radiatus
R EOMBERMOBLHBEREICOWTE, OAREENPLLID S
A% < o3 LT 2 ResBlgg s /- (Fig. 51-Q).

PENBOWFIEHEREY 2 6, 10 |8 24 i 1 Z O RIRIH
faAs e F e Eimiss ic X DR S e, SRS RIRIBHIIED
2 EA LD, TERENERICES CHEDORIENTIRETH % 2
EBHLDER ST, Lich>T, KTV YA
AFHENC L 5 20 pm ML EDY A X 26T HMgEHEEY ROk
PR TE D ORI 2 B 2 R 5~ 2 506 & LT, JGaA B
Bz o7 BB X 258 AIRETH 5 2 LAVR ST,
I ETMPN B2 e TR & (LT E iR Th o
EERR RIS O B 23, Znic kD 5%I1F & D IEfEIciE
BTN TERLEZOND, 2L, HEEYhOKRIRE
MfEZ 5140 5 72 o1k, SIS BEREE %2 F v CTORR BT A
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