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Fine valve structure and taxonomical observation of a marine attached diatom Cocconeis stauroneiformis (Rabenhorst) Okuno have
been investigated. The internal and external structures of the raphid and araphid valves (RV and ARV) and complete cingulum are
described using the light microscope and scanning and transmission electron microscope. The valve face of the RV is slightly concave
and that of the ARV is complementary to the RV and convex. The raphe is straight externally and terminates in a small helictoglossa
internally. The striae are consisted of several reniform or oval areolae. The areolae on the RV have hymenes with radial linear
perforations. The areolae on the ARV display a very sophistical structure; internally they are subquadrangular or round are separated
by stout ribs less robust than the interstriae; externally they are occluded by less robust anastomosing ribs bearing hymenes at the outer
surface of the valve. They are occluded by hymenes with short radial linear perforations around the margin and circular perforations
in the central part. The mature cingula of both valves consist of at least of three girdle bands; a valvocopula (VC) that is open at both
poles of the cell and two bands (the second and the third bands). The VC of ARV is furnished with fimbriae, that of RV is not.
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EE L IIARICR T ZBEELEEROSRFERFRLLIT
ThY, HIELEREL UTRENLR Cocconei sBDTEEF
MR 2 ED TS (Suzuki et al. 200la, b, ¢, d),
CocconeisfgMD X 5 72 BHHEEER OSBRI FRICIVTIL,
—ODWREHER T HREER L BRER LYy P THRETS
ZEBMEFRTARTH B (Suzuki ez al. 2001d), ZDT &
\3VFRE Cocconeis B 3 M%7 Y —F 1k (Nagumo & Kobayasi
1990) IZ2 & - T EFEMEBEB R 21T o7~ Kobayasi &
Nagumo (1985) D> HAEE v, EH b D—E DML (Suzuki et al.
2001a, b, ¢, DICBWVTH#EEF TH D,

ABFFE T’ ->7-C stauroneiformis (Rabenhorst) Okuno
I REHORETELREL LTHERTIAAEE ST
A (Rivera 1973, Poulin et al. 1984, Lange-Bertalot &
Krammer 1989, Riaux—-Gobin 1991, De Stefano et al. 2000
), KR TIIREFIB DL, EE D ($3AM 2000) 23E 1L
BKEERBR B N ORI /AR FMER: CESMICHERLIZZ
LETTIHE Lic T &R0,

A4y $EREITRabenhorst (1864) IZ X 0, KBD X A TRTH
5 C scutelum Ehrenberg MFEM L L TR I L7223,
Okuno (1957) 25 FB E FEMBBERIC L 0, HilHEEDER )
SIST L-fELE LTT 2 T v 7 L, & D%Romero (1996)
w2k v ¢ scutellum var. scutellumd DFRHETE DB
BIFbI-s, RHER L EREER Yy ML TEBELTE
59, HHEEOHEMbL HAIEHI ATV Y, £ZT
HEELIIAREREZ L LIS OICHEMRREEOBESY

fTolDTEDREREBRET 5,

MHEEHE

BERIZAVZRABHIKR D 3 D DEARNLET,

A 5S-0228, B ILIRKERERE A O EREAKF A i
Y 7 U ¥ Nordotis discus hannai Ino Ft REAE KD
fRMFERD DI (2000457 A 25 B, SHAFIRE).,

TEAE5S-0420, T8 RATE T IR O TRE LT T T
Y Ulva pertusa Kjellman DEEAEREH HERSE (20024 11
H 208, AERESL.

EAEES-0436, ELRKERREANORA~= T
Laminaria japonica Areschougdk3E/ K DEEMEH> HEREE (2002
#12H 13 B, RABPRTE).

IS ORBEERE (RE - FE 2001) (29> TAE L
%, HFBEMEE M), EEEFHMSE(SEM; HITACHI S-4000
& $-5000) 3 X OB & T-FAMSE (TEM; JEOL-2000EX) THIEE
Lz, & BIC 1R OREHER L EBREREZ E0E ~ DXH5
FHEETDII LR ERRRETHEDI D, TV —Fik
(Nagumo & Kobayasi 1990) & iV 7= (ex. Fig. 8), E7AHF
ze = fV - 25 % Anonymous (1975), Suzuki et al. (2001la,
b, c, d), HiFF - EE(2002) 3 LURHE (2002) IZHEH L7,

BREBR

Cocconeis stauroneiformis (Rabenhorst) Okuno, 1957, Bot.
Mag. Tokyo 70: 217-221, Text-figs 2, 3, Plate VI, Figs
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Figs 1-10. Cocconeis stauroneiformis. Figs 1-7. LM. Figs 8-10. SEM. Figs 1-6. Three pairs of raphid valves (RV) and araphid
valves (ARV) of the same frustules. Note that the valves are variable in shape and length. Fig. 7. Living cells, attached on the plastic
plate used for rearing the young abalones, showing a C—shaped plastid. Fig. 8. Araphid valve (ARV) and raphid valve (RV) of the
same frustule treated using the bleaching method. Figs 9, 10. C. scutellum var. scutellum (sc), C. stauroneiformis (st), C.
shikinenesis (sh), C. neothumentis var. marina (ne) and Amphora sp. (am) attached on the plastic plate used for rearing the young
abalones. Scale bars = 20um (Fig. 7), 10um (Figs 1-6, 8-10).
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Figs 11-18. Raphid valves of Cocconeis stauroneiformis. Figs 11-16. SEM. Figs 17, 18. TEM. Fig. 11. External view of the raphid
valve. Fig. 12. External view of the raphid valve showing the terminal raphe end and the terminal area. Fig. 13. External view of the

raphid valve showing the central raphe ends and the central area. Fig. 14. Internal view of the raphid valve of the same frustule as

araphid valve of Fig. 19. Fig. 15. Internal view of the raphid valve showing the diminutive helictoglossa and the terminal area. Fig.

16. Internal view of the raphid valve showing the proximal raphe ends and the central area. Fig. 17. Areolae occlusion and the raphe

(arrow) of the raphid valve. Fig. 18. Areolae occlusion. Note the hymenes with linear perforations in a central array. Scale bars = 5um
(Figs 11, 14), 1um (Figs 12, 13, 15, 16), 0.5um (Fig. 17), 0.1um (Fig. 18).

Za-Ze.

FRIFEMIE C, BRI E R D Z L 3B 5 (Figs 1-6, 8),
7% 15. 0-25. 5um, #XME 7. 5-15. 5um, FAFARIIA R IR
72 CFI (Fig. 7).

HE#% (raphid valve) : #RIEH<, LMK E 72, 3%
I ACEABR 7R MBS A BV, Nl TIET 5 (Figs 11, 14),
HE# (raphe) IZEHIR T, EHSII, bTFITEY Enb
(Figs 8, 11, 14), #AZEITHJLds JOWRRNN & HITH <A
Do THDD (Figs 12, 13), AEEOHFRREIIZENEN

Rt 5 i my > TRIAS 0, WA b TIE R < Bew i 4= F
(helictoglossa) CT#&i> 5 (Figs 15, 16), H0dEiiES# 1751
OB THICIEA Y (Figs 11, 13), FRIFOWE TIHIEE
L, #%l< £ TET 556 (stauros) BT % (Figs
14, 16), Cocconeis BT HREEEOHEEIL C dirupta
Gregory (Kobayasi & Nagumo 1985)=° (. costata Gregory
(Romero & Rivera 1996) 2R 645, Zef#ld 10um |2 8-9 A
T, 25O (areola) 235720, FHOHFL TIZPATIC, B
ST < CIEASIRICERSS 5 (Figs 1, 3, 5), HlaBuIERE
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Figs 19-24. Araphid valves of Cocconeis stauroneiformis. SEM. Fig. 19. External view of the araphid valve of the same frustule as

the raphid valve of Fig. 14. Fig. 20. External view of the araphid valve showing the central and marginal areas of the same individual
as Fig. 19. Fig. 21. External view of the araphid valve. Fig. 22. External view of the araphid valve showing the central and marginal
areas of the same individual as Fig. 21. Fig. 23. Internal view of the araphid valve. Fig. 24. Internal view of the araphid valve showing
the central and marginal areas of the same individual as Fig. 23. Scale bars = 5um (Figs 19, 21, 23), 1um (Figs 20, 22, 24).

J (reniform) £7213MMIE T, Mt < TIE2-3 T %7 #e(Figs 8, 19, 21), SiHIZE B T, 0ETe,
T3, BEZE TIXRL RIS ENEE Y, AlKERS DR ITIEF TRV, FRICOLIEZ 2T 52 b5, T
(Figs 12, 17), Uik o 2ZEFL (1inear perforation) 23 (sternum) & BEEM (costa) T & HITHEL, FFICEONE T
HEHIRICELS U 72 R (hymen) (2 &> TRAZES LS (Figs 17,  #8< EET 5 (Figs 24, 25), BUEMODIEIXC costata,
18), C. pseudocostata Romero (Romero 1996)=X° C. fasciolata

HEHE % (araphid valve): FRITEL, LLMRIZEL S (Ehrenberg) Brown (Romero 1996) T3 LY, SfpIEILM T
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Figs 25-28. Areolae of the araphid valve of Cocconeis stauroneiformis. Figs 25, 27, 28. SEM. Fig. 26. TEM. Fig. 25. Internal view

of the broken araphid valve showing the pore occlusions. Fig. 26. Areolae occlusion. Note that the areolae are occluded by hymenes

with short radial perforations around the margin and tiny circular perforations in the central part. Fig. 27. External view of the

immature araphid valve showing the central and marginal areas. Fig. 28. Areolae of the immature araphid valve of the same individual
as Fig. 27. Scale bars = lum (Fig. 27), 0.5um (Figs 25, 28), 0.1um (Fig. 26).

1 FIOMAEORE G720, FHOFLTIEFATIZ, %E
WO ATTEWVEUHIRIZELS 35 (Figs 2, 4, 6). B IXHEN
LI ALEVRRL 10unlZ8-9AKTH 5, £MfT, 7%
DAEIZ4-6 EOEET & 5 WVIE =0 A O O % £ 5 (Figs
20, 22),—J7, S OWE TIXREEMNCHE N (vimen; cf. Cox
& Ross 198D Ik W &ZEBNZIEONAISH 5 WM
BOAH 5 (Figs 23, 24), Z OREEILRY oflasticib~, X
DEHETY AR TH Y, BHEFORTHRRA SN D (Figs 27
28) . F 7= HaBUTAMA OB DEE < I2H HERIC K W FAZES L
% (Fig. 25), MREIZITRRITIA o THUEHRIZELS 3 2 MR VW57
L& ZOFREICARANCEST /S WAEOFELE R
(Fig. 26).

HEhEE (cingulum) @ Rk E AR L B3 DH A (band)
N7 % (Figs 29-32), skOWNEIZEET 25 L O
F (valvocopula) (%, Mizk CIEEEDS Bin 5, METa% Tl
123U TH S (open band) 95 (Figs 29, 30), 45 PIEEHS (pars

interior) IZEEMNIT & O THAT SRR THHRIGEIT 20
(Fig. 34), ZROWEIZHET D ITEHA VAR S, BHifIC
W|HEIINL D D DO ITER VA (Fig. 33), —FHE
e CIL, HOBR OB A I~ Tl @RV (Fig.
35), limki B iR AR SRR 2SR > (Figs 35—
37), #2# A (the second band) ik & bRk A I~
R B <, A mBR R CRASH IR 12/ E (1igula) 2 F5
(Figs 31, 32), HEHaERIIT 2R IX, RUVMTA 24,
Z DM & 272 EWH A (short band) 1 #7> bHER S LTV
% (Fig. 32, &KHD), BOWHICROND Z DL 5 REWEHA
e I% Pinnularia @ETHHNTUW5 2 (Idei & Mayama
2001), Cocconeis|BTITMH TRA SN, 53 HH (the
third band) IZF2#HH LV S HICHIK, RimBIKE THE2H
A ERBRCT/INEZEBT 5,
CocconeisfBIZI\T HIEFRHT A ORGEIZ 24K TH Y (Holmes
et al. 1982), NEEROFEIRIEGENFE LI BELZ DD (C
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Figs 29-37. Cingulum of Cocconeis stauroneiformis. SEM. Fig. 29. Valvocopula (VC) and the third band (T) of the raphid valve of
the same frustule as Fig. 30. Fig. 30. Valvocopula (VC) and the second band (S) of the raphid valve of the same frustule as Fig. 29
(opposite pole). Fig. 31. Valvocopula (VC), the second band (S) and the third band (T) of the araphid valve of the same frustule as
Fig. 32. Fig. 32. Valvocopula (VC), the second band (S) and the third band (T) of the araphid valve of the same frustule as Fig. 31
(opposite pole). Note the short band (arrow) of the second band. Fig. 33. Internal view of the raphid valve showing a broken
valvocopula (VC) and the second band (S). Fig. 34. Internal view of the raphid valve showing a valvocopula (VC). Fig. 35. Internal
view of the araphid valve showing a valvocopula (VC). Figs 36, 37. Both open parts of valvocopula of the same specimens as Fig. 35.
Scale bars = 5um (Fig. 35), lum (Figs 29-34, 36, 37).

pediculus Ehrenberg; cf. Gerloff & Rivera 1979, C 2001c) & ThEAx TH D, FAFD X 5 1 miumBa i (fh iz
scutellum var. scutellum; cf. Romero 1996)7>5, 25278 C. costata; cf. Romero & Rivera 1996), JriiBf/ic?i (¢
e I B O (C heteroidea Hantzsch; cf. Suzuki heteroidea; cf. Suzuki et al. 200la), % L CPHEM (€
et al. 200la, C. convexa Giffen; cf. Suzuki et al. scutellum var. scutel lumDIERERFE; cf. Holmes et al.
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1982, Romero 1996) & EAMEE L LK TH 5, SHITEH
EL OEPOHERBEDT - 2EH T2 L T, thiBE
LOBESLER LEDEHREL LTOEEMENHALNICR
5ThHAD,

AREIIHRBEHOBEICEETTINAETH S (Rivera
1973, Poulin et al. 1984, Lange-Bertalot & Krammer 1989,
Riaux-Gobin 1991, De Stefano et al 2000),A#RHE Tl
UZ A AR v (Skvortzow 1929) R0EkfH B (Takano
1963) b DHENH 5, EHFITE LK ERRIBETIEE
KFAERO=Y T U Cf BB RENICE SHICERLT
WBDEBE L (SR 2000), 4EIOBETHRIMKERN
DEEEREEBELCHAERETHOELE=—1REIZC.
scutellum var. scutellum, C. shikinensis Hid. Suzuki
(Suzuki et al. 2001b), C. neothumensis Krammer var.
marina De Stefano, Marino et Mazzella (De Stefano et al.
2000) & & BIZERIZEET D2 ONBEI NIz (Figs 9, 10),

Okuno (1957) 238 & FHRMEE 2 AV THFZE L7z e ok
MREICBET eI, BEBNROLTRTELWVHDOTIER
WS, EiChaEEEZ BT D ¢ scutellum var. scutellum
LOMESEEZRWEL, € stauroneiformisé U CTEREMNS
RO LSBTz, L LT D% OSEFHR TR
ZEIZ L W B2 57~ F F T(VanLandingham 1968), X ¥ 3£/
RBERIIThN R > T, IT4ERomero (1996) 1% Z DA X
IZBT AREEITV, Okuno (1957) DOFZUMERBE LTz, K
HETHROBHABEDERN G, KOEHEC scutellum
var. stauroneiformis & LT H> DTk, C.
stauroneiformisk LT H _& L E X3, () RYBEHOKEE
ORISR B, € scutellum var. scutellum
TN EVAER, Q) ASEHORBIY, BEECBBEH D
RO OO, ¢ scutellum var. scutellum
IX1EORF OB D& &2 FF, 3)C scutellum var. scutellum
DERER OETRERIIBRSREEL, BETHID, &5
FRIBONICEAT DR E Th 5, () ADEHOEHEEZR D
BEMILLSRKET BN, C scutellum var. scutellum®
ZRRBEETIIRV, EHIZIhb (1)~ @) DRE»L C
stauroneiformisid Romero (1996) D& L7z € fasciolata
i ERLEILRD,

AT BV TREH L LTV 20 = AARERIREH
B OR R B EER & B 1L RKERBISEERRE AR
FARERR > b ORBORESCREICEROEE & 1T o TV
W= RIBRSFEFO/NEE—KICEST 5. APFEILA
AZWHRE S TR 14 6 E R R B AR & SRR 58 GREEE
£ 14917005) & AIEFE I ¥ F MEEA TR RES TR
14 EEEREBRRIC X AFEO—HTH 5,
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