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VP2 TIIREE B Undatella quadrata (Brébisson ex Kiitzing)
Paddock & Sims DffltEE

RH#®A

HARHRERBEFIHEYFERE (951-8580 F1i8 T HLiH ET 1-8)

Keigo Osada: Fine structure of the marine pennate diatom, Undatella quadrata (Brébisson ex Kiitzing) Paddock & Sims.

The fine structure of Undatella quadrata (Brébisson ex Kiitzing) Paddock & Sims collected from coastal waters in Japan has been examined
by light (LM) and electron microscopy (SEM and TEM). The Japanese specimens agree fairly well as the type specimen and the original
specimens of the species in the form of frustule and keel, the arrangement of fibulae, and the feature of chloroplasts. The following
morphological features of the species are first revealed through this study; 1) the areolae occluded externally by hymens with regularly
scattered perforations, 2) the fibulae not fused on the dorsal side of a keel, 3) the extension of ventral wall of the raphe sternum, and 4) the
girdle bands distinguishable into 3 types mainly on the basis of the structure of pars exterior. The type 2 band, the second band, is

especially distinctive, without the tubular structure.
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Undatella %, 1980 %E|Z Paddock & Sims {2 & > TRRIL &1
B LWEBTH Y, BEMEDOD 245, ) Lo
BE (keel), BEL7TFH (stauros), BLUEKEES
Fo S BO%H (band) %2 E12 & o THEM TS hTw 2,
F7-, KBDORMIHE-T, £ T Amphora, Amphiprora
(= Entomoneis) & %\ % Auricula \Z SN T A O
BEAS, Undatella lineata (Greville) Paddock & Sims, U. quadrata
(Brébisson ex Kiitzing) Paddock & Sims 3 & UF U. magnifica
(Greville) Paddock & Sims® 3 f&|Z %8 & L7z (Paddock & Sims
1980), D%, Undatella \ZH 7% 3 EHFEMSD I L
R, ABIIEKARLLTID3IENATE, T b DI,
¥, /INE (fibula) OFEL ZORFIFRN, BLUFHHFOHE
R EOFTEREICL o TR IR TV 5,

U. quadratal3, Kiitzing (1849) I & 5 T 7 7 > A Calvados #1
5 D H X 5 O FRF D> © Amphora quadrata Brébisson & L T
FRBENT-bDTHB, ¥ 1 TERLERBIESVTHF
M 72 B8 % 1T > 7z Paddock & Sims (1980) &, A& Tt
o TEFIT 2/NE 2RO, ZORFIA BT ITICRE S
haZk, B UESHEHR (valvocopula) 258k PIEE % #4) -
TERBHAICEE L2V L2 EOFBEBELHICLT,
%L T, #BER % D Amphora quadrata Brébisson ex Kiitzing &
3£1Z Amphora ostrearia var. quadrata (Brébisson ex Kiitzing) Van
Heurck, Amphora polyzontana Castracane, 3 & UF Auricula
staurophora Karsten % U. quadrata®® > / = & L7z, S HIZ UL
quadrata \¥, U. lineata & 1% EFLOSFRUCINZ, BRI OBZED
IV il &k o T, $72, U magnifica & (35 EICE
BOWMKEE T H 2 VAL > THL PRI STV S,

U. lineata & U. magnifica B17 5 EZEOKELHKIZOWTIZ
ORI ENTWRVA, U quadrata TIXZEDOMBIRDE
BiErHEoZ L HEL AL N TS (Cleve 1895; as
Amphora quadrata Brébisson, Karsten 1899; as Auricula staurophora
Karsten, Paddock & Sims 1980, Round et al. 1990, Snoeijs &
Potapova 1995) . ATEICH§ B i, ¥/ =L 2 FEREICAN
THWFEMIALR L, FHTHIIRITHI VAL TR
Vo F 7o, ATEDOHBAEE (B LTI Undatella DAEAEH) 2 B
FITBVTHE STV 52 (Paddock & Sims1980), FAHE
EOFMIIINETHICHBASIATELLES A 2V,

R TIX, KRB FERD HRE L7 U quadrata & Bbh
BEGEE L ZOEEREKRICES VT, HIRFROFHZE
BLOEEIRFEIToTE& 2, ZOHR, FHIRTHW
SERL, R EEEORE, NMEOMNES L UEREOR
KeEnETy 4 TEERLERH (Paddock & Sims1980) &
FEFEICE LA, $72, EEXETFHME (SEM) BES
LUBEYR % OB BETFEMSE (TEM) BB, FH2
HEE R (raphe sternum) DB X U R Ol E
THH MR ERMT 2 L3, FEIB T 2 HREHE
EOFMEHELMIZ L,

MEEHE

AR T, IWHEKERERS DT 7 CRIERKE TRE
L& RB 2 FICHA L, $72, ZOFERBHCHEERT
ZEBORBRERLT, ZOEEMARIGBEYRICL 58
Mt OBEICH V2, BFEIZIE, 50 mg Na,SiO; 9H,0/L
R Etr & ) ICHE L PESKEHL (Provasoli 1968) %MV, 18
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C, Bt 2000 lux, 14/10 FARFABDO &M TITo 72, £
X, B CERRET D ORI RSN (Swift 1967)
12X o THEEL, HHBOLM B L U SEM BE L LR O
TEM B8 IZHW . LMBIZ, ¥ (RH - BE2001) I
fEo7z, SEMBIZIZ, AB L BRER T B R SR L
B, AF VAN I A—5 — 2L o THENT VY L HHE
L CHIZS-8008 & ' HAETFISM-6330F % i\ THT o 72, K2
HUEHMR D TEM BIE2121E, 7+ VWV AN— VXL E- 127
Uy FICRESREI L 1R RICERER LD H
Wz BB L UHIRLE DT TE O B2 13, Pickett-Heaps (1983)
DOFFE - THEMBOERE L FA LTV, £D%Spurr
BEIZAIE L 72 (Spurr 1969) . BEYIF X, Vv b T 370 b —
L LKB 8800 Ultrotome-IIIIZ 2% L7254 VYE Y N+ 4 7 TH
YL, 7ANVLN—VEFELRS/27) v FIZEEZ, 1)
B OBEFREE, By 5 v & 7 T VBRIV, TEME
23, HAEF 1200EX # HVTITo 720

BREER

FeEEEREE B2 L /- MM & ¥ 50-130 um, (&25-45 um T,
EHROMBROEFAEL RO (Fig. 1), HBIE, WHETIE
MURBASHL 2o e RFBIE VAL Z R L, B EIC LB
HBRICRAT X S HOTH &80 (Figs 1,2)0 i, RIE
A55-7pum &% DM, EERHEHT, B LAEREH-
THEERT (Figs3,4). 72, ROBEAICEEFOFLEH
Do HNTIIBROEEIMHY, BELTHFHE %5 (Fig.
4), BERIBET, MADORMMNEI 1FI0ONEZFHD
(Figs 2-4) o MUTTATT, FFICHA <, 10um 230-33 4K
DEETEFIT 2BV ANVTRFITE 5 ZhHDREIE,
Paddock & Sims (1980) (2 & o TR SN TV 5 Kiitzing D ¥
A TEARPREABICE I N2 BEHEOEE, B L UABDOER
£4 T3 5 Amphora quadrata D3, (Cleve 1895) & & { —¥
L7

BB | HBRIHBELETESELRL, BATIEEE
o TEDICM A, HEETIEMERICEY L5255 (Figs5,6)0
BOFERICE LESHBICXFTE S, 250, BIZEFR
BRI R VIS, ZTOBRBISEFITH> T2 EEM#HT
% (Figs5,8)0 ZHUIH L, FRIILBHIELT, £ 0B
BB UN CEP IO A, RRTIREHICEMICEHT
% (Figs5,7,9) 0 BEOHLNE, FOLEHEE > TROBHEAN
B RO T 54 (Fig. 11), REBICBIT 2 EEDEITIE,
BEALESESRIZADEMCERIZERT 5 (Figs 5,8) 0
EHlC, BEERBROBEMTYEY LAY, ZOTHLEFHICHHE
(Figs 5, 10, 12, 23, 24) B & UTHRAHE DN /NG DOF) & i
%% (raphe canal) % #27% (Figs 15, 16), Entomoneis (Round
et al. 1990, Osada & Kobayasi 1985, 1990a, 1990b, 1990c) , Perrya
(Paddock & Sims 1981) 3 X U' Thalassiophysa (Round et al.
1990) DB BICROND &9 225U EO/NETHERFE
NIBRRDEEIZIZ R O %2\, KR, MEFIZE-1-EE
VREEZHF-TICBRICE) P B ET, Auricula
amphitritis Castracane (Paddock & Sims 1980) X° A. densestriata

Osada (Osada 1997) 2 &L B ZRF2 L 5 ICEbN 5,

TRk % B BB OTE LR TIE, KB OE R DBED T
BB L) IHEL, BEOTMIERBEL R TSI L
PO, E o7z (Figs 10,23,24)0 F7z, FLEHOFET
12, HEERMOBROBEAEAA DR T, HRED
—ER R4V O L ElKEE ARG (central raphe ending) % % 9
(Fig. 10)o —75, BOFLEONME T, O HIREHER A
TENCE BT L TRD Y, 5 LA+ REIERIRED
BB TH L BRT 5 (Fig. 1), #E#IL, BWONETIIAS
Z2UBA4FE (helictoglossa) TH#bH 1) (Fig. 13), Z DA HEITEH
IZiA B K5 (terminal fissure) & 7% % (Fig. 12)0

AEO/NE, R LS AERNEBEER T Thbb,
/NG DEFNIIFRIATEICBE SN, Th DSOS TG
®R<o F72, ETONEIR, EFORANEICIBVTHL
Mro@EmMFEE CHECH THET 5 RER
(longitudinal ridge) & @& L CHAIHBET 205, BEOF
BB L I3RIA LV (Figs 11,15,16), & FAfkLERE
%13 /MBI, Undatella lineata CHRS & LT Vv> % %% (Paddock
& Sims 1980), ZDHHHERIAEDO IO LIIE EL S,

&L, FNENIFIDOBEL (arecla) TR EN S, &
UL FLIRBIAL (poroid areola) T, FANEICHEORO% b b,
BAVE TI3 M (hymen) & > THIZEX N5 (Figs 10, 11), #
B, F—LiRICEICED £ (Fig. 24), HAIREAER
(regular scatter: Mann 1981) DZEFL% D (Fig. 14),

A%H (cingulum) 1, 2% LD 18HDOFER EFHOZ L
S 2 &7 o7z (Fig. 17) o N OFEF b Bafs % - 725
BB (open band) T, 5 DRI 3> THIHE (open
end) & BT (closed end) DR EAZELE T A (Figs 17,20)0
W oL, A, FRIZREAFET, NEICEOL, 4
HTIXERICE > THESNS (Figs 17,19,22), T DR
X, BORBICH 5 L Rk, HRABEROEILE R
(Fig. 21) o Paddock & Sims (1980) %, ABEORHIEIRD
WHTEBR SN, A RS TRBLEE CERFR & 2ot
DOFERICIIEZ Rl WI ¢ 28m LTS, LaL,
AR L o C, FRFELBET HHH L, TOMMEEC
LoTUTD3I A TICRFUTEAZLDHLNE R T,

YAT ERTR, 79y TH” oBFREETFD, 2
DETEIL, BRITIEVBED 5 %27 F (the second band) (Z[H] 4> -
THELZ:7 Ty TR RMER (pars exterior) & EAT 5
ZLIZEoTHEENS (Fig.25), $72, 75 v FI3EB#E
FHENZEEH§ B/ LERES  (Figs 10, 17,22) 6

¥4 72 E2HR . WHARBEILERIRT, EREEL
& { (Figs 23,25,26),

5 4 73 % 3% (the third band) B & " Z M LABEDHH,
‘PR LE” OFREEL D, O, TR REEIH
B YRS L) IHETHILICE > TREENS (Figs
18,23, 26), ¥ 72, 0 E L DWHDOHNERIZIGSH»T, /b
LEHELEV,

ELELDERBEICBNTYH, 79 v THB0IFIRYEL
DEFE, 15I1DOE R (short costa) 12 & o THEFRME L



Figs 1-6. Undatella quadrata. Figs 1-4. LM. Figs 5, 6. SEM. Fig. 1. Girdle view of the live cell having numerous chloroplasts each with a central pyrenoid. DIC
optics. Fig. 2. Girdle view of frustule. Note the fibulae (arrows) localizing only at the apical corner of the keel. Fig. 3. Ventral view of valve. Fig. 4. Dorsal
view of valve. Fig. 5. Oblique view of the ventral side of the frustule, showing the concave girdle with numerous bands and the dorsiventral valves with a

raised keel. Fig. 6. Oblique view of the dorsal side of the frustule, showing the convex girdle composed of numerous bands. All scale bars = 10 um.
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Figs 7-14. Undatella quadrata. Figs 7-13. SEM. Fig. 14. TEM. Fig. 7. External dorsal view of valve. Fig. 8. External ventral view of valve showing an eccentric
keel. Fig. 9. Internal dorsal view of valve. Fig. 10. External ventral view of the frustule center showing the raphe fissure on the keel top, the extension of the
ventral wall of the raphe sternum, the first band (valvocopula) (VC) with fine pores, and the second band (B2). Fig. 11. Internal view of the valve center
showing a prominent stauros, the central raphe endings, the longitudinal ridge (arrows) on the ventral side of the keel, and the rows of poroid areolae. Fig. 12.
External view of valve apex showing the terminal fissure curved toward the dorsal side. Fig. 13. Internal view of valve apex showing the raphe fissure
terminating in a small helictoglossa. Fig. 14. Valve areolae occluded by hymens with regularly scattered perforations. Scale bars = 10 pum (Figs 7-9), 1 pum
(Figs 10-13), 0.1 um (Fig. 14).
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igs 15-21. Undatella quadrata. Figs 15-19. SEM. Figs 20, 21. TEM. Fig. 15. Internal view of valve showing a row of fibulae confined to the apical region of
the keel. Fig. 16. Enlargement of Fig. 15, showing the fibulae completely fused to the longitudinal ridge on the keel, their free ends on the dorsal side, and the
raphe canal separated by the fibulae

. Fig. 17. External dorsal view of frustule pole showing the epicingulum composed of eighteen open bands, and short
costae (arrows) on the valvocopula (VC) and other bands (B3-B18). Fig. 18. Broken cingulum showing the tubular structure of the bands. Fig. 19. Internal

view of cingulum showing the areolar openings of the bands. Fig. 20. Open ends of a band. Fig. 21. Band areolae occluded by hymens with regularly scattered
perforations. Scale bars = 5 um (Figs 15, 17), 1 um (Figs 16, 18-20), 0.1 pm (Fig. 21).
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Figs 22-26. Undatella quadrata. Fig. 22. SEM. Figs 23-26. TEM. Fig. 22. External ventral view of valve (V), valvocopula (VC) with fine pores (arrowheads),
the second band (B2), and the tubular structure of the third broken band (B3) with short costae (arrows). Fig. 23. Cross section at the middle portion of the cell,
showing the bands bearing tubular structure. Fig. 24. Enlargement of the keel in the section of Fig. 23, showing the cross section of the flap-like extension
(large arrow) of the raphe sternum wall accompanied by a raphe slit (small arrows), the hymens (arrowheads) occluding externally the areolae, and the
longitudinal ridge (double arrowhead) on the ventral wall of the keel. Fig. 25. Cross section of the valvocopula (VC) and the second band (B2). Fig. 26.
Enlargement of the bands in the section of Fig. 23, showing the second band (B2) with flat structure, and four abvalvar bands (B3, B4, B5, B6) each with
tubular structure. Scale bars = 1 pum (Figs 22, 23), 0.5 um (Figs 24-20).

fal, COMEMOBIZ/NS2EO%ZR> (Figs 17,22),
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FoZ LWL M%) (Fig. 1), RO RY TH % Auricula

staurophora Karsten DRLH#E (Karsten 1899) & & < —3 L f:o
RFLD AL <, MIERTD & 7% & b A ke
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