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Abstract

Several fossil diatoms including paleoenvironmental indicators were found from the Yushima Formation distributed
in the Yushima Island, Kumamoto Prefecture, Japan. The diatom assmblages mainly consists of freshwater, brackish,
littoral and neritic species with fluctuation of the component ratio. The sedimentary environments of the Yushima

Formation are assumed that it was under intertidal area.

¥—v—F: HEbh, %5k, diatoms, Yushima Formation
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Figure 1. Location of the Yushima Island, Kumamoto Prefecture, Kyushu, Japan (right) and A: sampling sites and sample

numbers for diatom analysis (left).
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Table 1. Classification of diatom assemblages as the
indicator of paleoenvironments.

SRR 229 RFE BB S
Habitat Land Littoral Neritic Pelagic
SRR N
P R~ — R s
BERERD HoKKE TIVINY HRE~TERME 7’577 b
£ +KiR BHTSVY hY s
+iE KB RETIRIERE
L-Mp~Tp
E(t;9logy of Freshwater + Brackish N~L-Hp~Mp O-HP
iatoms + marine

+mud/sand flat in saline
L-Mp~Tp: Littoral Meroplanktonic~Tychopelagic species
N~L-Hp~Mp: Neritic~Littoral Holoplanktonic~Meroplanktonic species
O-Hp: Oceanic holoplanktonic species

bk o B AR WERR & 1l (BURR 1-10). EEHY
B O ARREHRIL, M2 (1988), Krammer and
Lange-Bertalot (1988), Round ef al. (1990), TFJ& « /¥
(1997), Koizumi et al. (2004), FH7F1Z 2> (2005), Barron
etal (2009), Tiittner et al. (2010), /INEIE2+ (2012), FH
H(2014), HFF-FEE (2015) wEwHicLT (FR2).
EHLERUAIZPITOEE) TH L.

Achnanthes brevipes C.Agardh (Plate 2, Figs. 22a, 22b)

T 7% & ORI OIRWBITEE L TAR.
Actinocyclus octonarius (Ehrenberg) Kiitzing (Plate 9, Figs.
la, 1b)

S TR IR < 20,

Actinocyclus spp. (Plate 8, Figs. 5a—6b)

A REAREA.

Actinoptychus annulatus (Wallich) Grunow (Plate 7, Figs.
8a-9b)

TR,
Actinoptychus senarius (Ehrenberg) Ehrenberg (Plate 7
Figs. 6a—7b)

NHEFAE TR RIRITIR < 210,
Amphipleura sp. (Plate 2, Figs. 6a—7b)

ARIE 1T A TYIKE.

Amphora copulata (Kiitzing) Schoeman et Archibald
(Plate 1, Figs. 12a, 12b)

YK RETEL
Aulacoseira sp. (Plate 7, Figs. 1a-2b)

B 13 A T
Auliscus sp. (Plate 8, Figs. 8a, 8b)

I AR
Azpeitia nodulifera (Schmidt) G.Fryxell et P.A.Sims in
Fryxell et al. (Plate 9, Figs. 2a, 2b)

IR GANEBICAR. Bis
STV,

Bacillaria paxillifer (O.F.Miiller) T.Marsson (Plate 2, Figs.
24a, 24b)

R DA D b
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Figure 2. Columnar section of the Yushima Formation.
Lithology, f.s.: fine sand, c.s.: coarse sand.

R TR DR R YUK CHESE.

Bacillaria sp. (Plate 2, Figs. 25a, 25b)

Biddulphia sp. (Plate 7, Figs. 11a, 11b)
FITIED» S EREIC AR

Caloneis permagna (Bailey) Cleve (Plate 5, Figs. 10a, 10b)
UK - eI AR

Cocconeis placentula Ehrenberg (Plate 4, Figs. 4a—8b)
W e « IKEL EINTE S 2 YK EEHE.

Cocconeis scutellum Ehrenberg (Plate 4, Figs. 9a—13b)
NFIEC, HBERCHEEICNE T 2R

Cocconeis tenuis Hustedt (Plate 4, Figs. 1a—3b)
IRIZAER.

Cocconeis vitrea Brun (Plate 4, Figs. 14a, 14b)
IRITAER.

Coscinodiscus asteromphalus Ehrenberg (Plate 9, Figs. 4a,

4b)
SNFEITAER S 2 L AE.

Coscinodiscus marginatus Ehrenberg (Plate 9, Figs. 3a, 3b)
SNFEITAER S 2 L.

Craticula sp. (Plate 6, Figs. 1a—3b)
DK,
Cyclotella stylorum Brightwell (Plate 8, Figs. 1a—3b)
YIKIE D HYUKIBI AR
Cyclotella sp. (Plate 8, Figs. 4a, 4b)
KIEDZ DY
Cymbella cuspidata Kiitzing (Plate 4, Figs. 16a, 16b)
YK,
Cymbella sp. 1 (Plate 2, Figs. la—2c)
KB D%  DPIKEE
Cymbella sp. 2 (Plate 4, Figs. 15a, 15b)
B D%  DSYIKHE.
Delphineis surirella var. australis (P.Petit) P.M.Tsarenko
(Plate 3, Figs. 18a—19b)
IR AR
Diploneis bombus Ehrenberg (Plate 5, Figs. 7a, 7b)
IR IV AR
Diploneis cf. bombus Ehrenberg (Plate 5, Figs. 8a, 8b)
Diploneis bombus \ZAM % 23, BT D~ Z A DG\ T2
&, Diploneis cf. bombus & U CHIEFHHAL, Diploneis
bombus L[ U IR SIRAKBICER T2 E LT
oz,
Diploneis finnica (Ehrenberg) Cleve (Plate 5, Figs. 1a, 1b,
3a, 3b)
FITHOKIBUTAER.
Encyonema minutum (Hilse) D.G.Mann in Round et al. (=
Cymbella minuta Hilse) (Plate 1, Figs. 13a, 13b)
DK,
Epithemia smithii Carruthers (Plate 1, Figs. 3a, 3b)
FUITHOKIBIT AR T 225, FUKED L bIERD 5.
Eunotia arcus Ehrenberg (Plate 1, Figs. 11a, 11b)
YEKRETEL
Eunotia spp. (Plate 1, Figs. 9a-10b)
% { DIYIKEHE.
Fallacia sp. (Plate 5, Figs. 4a, 4b)
RIE TR S WOKER E CIRSERT 270 ®, i
BREAETTICIEAW T o T
Fragilaria rumpens var. fragilarioides (Grunow) A.Cleve
(Plate 3, Figs. 6a—7b)
DK,
Glyphodesmis williamsonii (W.Smith) Grunow (Plate 1,
Figs. 27a-28b)
WK E TR TR
Grammatophora sp. (Plate 2, Figs. 8a, 8b)
INREIAER.
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Halamphora normanii (Rabenhorst) Levkov (Plate 1, Figs.
14a, 14b)
DK,
Halamphora sp. (Plate 1, Figs. 15a—17b)
YK RERL
Hyalodiscus scoticus (Kiitzing) Grunow (Plate 7, Figs.
12a—13c¢)
1R
Hyalodiscus sp. 1 (Plate 7, Figs. 14a, 14b)
% < DNRFRHE.
Hyalodiscus sp. 2 (Plate 7, Figs. 15a, 15b)
% < DR,
Lancineis fatula (K.E.Lohman) G.W.Andrews (Plate 3,
Figs. 15a—17b)
Wit - JUKEEE.
Lyrella lyroides (Hendey) D.G.Mann (Plate 5, Figs. 9a, 9b)
W - VUKEERE. W RIc% {ART 5.
Martyana martyi (Héribaud-Joseph) Round (= Opephora
martyi Héribaud-Joseph) (Plate 2, Figs. 26a—28b)
IR - PR
Mastogloia minutissima Voigt (Plate 2, Figs. 30a—33b)
TREGNOMEDLD DD, InEEELE Lo
7z.
Navicula alpha Cleve (Plate 5, Figs. 5a, 5b)
TUKRYE TR B,
Navicula beta Cleve (Plate 5, Figs. 2a, 2b)
TR,
Navicula sp. (Plate 2, Figs. 3a—5b)
TR,
Nitzschia amphibia Grunow (Plate 2, Figs. 13a, 13b)
THERERE. YOKBER L LCilio Ta.
Nitzschia clausii Hantzsch (Plate 2, Figs. 17a—19b)
YK BETEL
Nitzschia cocconeiformis Grunow (Plate 2, Figs. 23a, 23b)
WK e B TR
Nitzschia frustulum (Kiitzing) Grunow (Plate 2, Figs. 14a,
14b)
POKBEE
Nitzschia panduriformis W.Gregory (Plate 2, Figs. 29a, 29b)
TUKIRE TR BT,
Nitzschia sp. 1 (Plate 2, Figs. 15a—16b)
HERERI.
Oricymba sp. (Plate 3, Figs. 20a, 20b)
AJE D4 T DRI,
Paralia sulcata (Ehrenberg) Cleve (Plate 7, Figs. 3a—5b)

INEEIE DY O BB T A B S 5 YEEAE.

Petroneis deltoides (Hustedt) D.G.Mann (= Navicula
deltoides Hustedt) (Plate 5, Figs. 6a, 6b)

INEEI AR
Petroneis marina (Ralfs in Pritchard) D.G.Mann in Round
et al. (Plate 6, Figs. 4a—5b)

UKD DI AER. WKIRE TR IS
Pinnularia sp. (Plate 6, Figs. 6a, 6b)

AJE D4 T DRI,

Plagiogramma pulchellum var. pygmaea (Greville)
H.Peragallo et M.Peragallo (Plate 1, Figs. 24a—26b)

KRB TR B,

Pleurosigma sp. (Plate 8, Figs. 7a, 7b)

KIED% < HWUK & T2 I3 R
Psammodiscus nitidus (Gregoy) Round et D.G.Mann
(=Coscinodiscus nitidus W.Gregory) (Plate 9, Figs. 5a—5c)

T 22 iR A B
Pseudostaurosira brevistriata (Grunow) D.M.Williams et
Round (= Fragilaria brevistriata Grunow) (Plate 3, Figs.
3a-4b)

% O THWAKBEER D OME S NTWE 25, UK
TRETIRIEEE L O d D 5. AN CIIPIKER L
LCfots.

Rhizosolenia hebetata J.W. Bailey (no figure)

SN,

Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot (=
Gomphonema abbreviatum C.Agardh) (Plate 3, Figs. 8a—9c)

EIYOKIITERT 55, PUKED S bHEDD 5.

Rhoicosphenia sp. (Plate 2, Figs. 20a-21b)

ABIZIPRKEERE I OIRFEEZ TE IR TV S,

AW TR L L Tifko T2,
Rhopalodia sp. 1 (Plate 1, Figs. 7a—8b)
KBTI GBFEE TR I TS, K
WCiIhEEE LTilo e,
Rhopalodia sp. 2 (Plate 1, Figs. 4a—6b)
REITZPOKEED DAL TEINTVE., K
WCIHIRFEE LTiko Tz,
Rhopalodia sp. 3 (Plate 1, Figs. 1la—2c)
REIZFPOKEE» G TE I TS, K
WCTIHIRFEE LTiko Tz,
Staurosira construens var. binoides (Ehrenberg) Hamilton
in Hamilton ez al. (Plate 2, Figs. 11a—12b)
DK,

11
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Table 2. Occurrence chart, and ecology and its references of diatoms from the Yushima Formation, Kumamoto Prefecture. +
indicates species encountered after the routine count, or species found as fragment. Preservation, G: good, M: moderate, P:

poor. Abundance, A: abundant, C: common, F: frequent, R: rare, B: barren.

<< << << < << <L<LLLLLLLLLLLL L L L L L << << << << << << << <
PP P R PP PP DR DR PP PP D DD ADD DD DD ADDAD D DD Do
PR R R R R R R o o R o o R o R R R R R R R R R A o R R A A PSP SR JA
8888888828222 22228888 RNRNRSUSSIITIILIILEIEEETRY
SR EREGESRF80 SN0 R0oIx0co NG RGEANFRBS2RNUgRGEgEIs8SSH
> © la} = o
=y Taxa E cology References
3
a
w Achnanthes brevipes L-Mp~Tp Koizumi et al. (2004)
WN e+ + Wt o e No—md oo 4+ FmwOowD v Actinocyclus octonarius N~L-Hp~Mp Koizumi et al. (2004)
+ + == + + ++ =+ =+ + + + = - + & Actinocyclus spp. unknown
N + Actinoptychus annulatus Shallow marine (shelf)  [Barron etal (2009)
[NERT RV -+ o+ - w Actinoptychus senarius N~L-Hp~Mp Koizumi et al. (2004)
w o ow Amphipleura sp. Freshwater Round et al. (1990)
- - + oo - Amphora copulata Freshwater Round et al. (1990)
wowNnn - [T - N} ~ © - |Aulacoseira sp. Freshwater Koizumi et al. (2004)
+ + Auliscus sp. Littoral Chihara & Murano (1997)
+ + = I N + w Azpeitia nodulifera 0-Hp, tropical Koizumi et al. (2004)
i " Chihara & Murano (1997)
s - Bacill: ilife L-Mp~T
] aciliaria paxiier p~1p Koizumi etal. (2004)
o Chihara & Murano (1997)
Bacillaria sp. -Mp~Tp Koizumi et al. (2004)
- Biddulphia sp. N~L-Hp~Mp Chihara & Murano (1997)
- Caloneis permagna L-Mp~Tp Koizumi et al. (2004)
- - - [l S] + Cocconeis placentula Freshwater Kosugi (1988)
+ w - = + W+ = =N - Cocconeis scutellum L-Mp~Tp Koizumi et al. (2004)
+ o+ N - -+ [SRV N - Cocconeis tenuis L-Mp~Tp Koizumi et al. (2004)
+ + N - + Cocconeis vitrea L-Mp~Tp Koizumi et a/. (2004)
+ o+ . + + + + + = 4 4+ - w Coscinodiscus asteromphalus Outerbay Kosugi (1988)
N+ 4 + 4+ o+ + -+ + + - - - Coscinodiscus marginatus O-Hp, north temperate  |Koizumi et a/. (2004)
w - Craticula sp. Freshwater Tanaka (2014)
SoNBEaIRo® wlawosrrmmVNowdNgoawnnw o= ~ 35 Cyclotella stylorum N~L-Hp~Mp Koizumi et a/. (2004)
Tanaka eral. (2005)
- fotella sp. Fresh
w Cyclotella sp. reshwater Tanaka (2014)
- Cymbella cuspidata Freshwater Koizumi et a/. (2004)
S o - WD - o Cymbella sp.1 Freshwater Koizumi et a/. (2004)
-0 - - = Cymbella sp.2 Freshwater Koizumi et al. (2004)
Delphinei irell
- N eipinels surirella L-Mp~Tp Koizumi et al (2004)
var. australis
(IS WNNBEBENGOOSENWO N0 = — ~ - - Diploneis bombus L-Mp~Tp Koizumi et a/. (2004)
3 Diploneis cf. bombus L-Mp~Tp Koizumi et a/. (2004)
-4 = NuwN NN F SN F NS =S 0w [SEN] N v Diploneis finnica Freshwater Tanaka (2014)
. Encyonema minutum Benthicin freshwater  Kosugi (1988)
H Freshwater Koizumi et al. (2004)
—-—ww [N Epithemia smithii Freshwater Koizumi et a/. (2004)
N+ + + Eunotia arcus Freshwater otzumi erat. (2004
Tanaka (2014)
W= o - Eunotia spp. Freshwater Koizumi et a/. (2004)
Mudi .
- Fallacia sp. uc in marine Round eral (1990)
freshwater
Fragilaric
- = ragiiaria fumpens Freshwater Koizumi et al. (2004)
var. fragilarioides
+ Glyphodesmis williamsonii Sand flatin saline water (Kosugi (1988)
+ Glyphodesmis cf. williamsonii Sand flatin saline water (Kosugi (1988)
N+ NN N+ = = m oo “» - Grammatophora sp. L-Mp~Tp Koizumi et al. (2004)
- Halamphora normanii Freshwater Tanaka (2014)
o = w ~ - - waas Halamphora sp. Freshwater Tanaka (2014)
+ == SE N SN S = o - Hyalodiscus scoticus L-Mp~Tp Koizumi et al. (2004)
- Hyalodiscus sp.1 L-Mp~Tp Koizumi et a/. (2004)
+ - Hyalodiscus sp.2 L-Mp~Tp Koizumi et al. (2004)
ERUNW-o 4 —ch oMo LNONONW N © o Lancineis fatula Marine (Brackish) Tanaka & Nagumo (2015)
+ - RS Lyrella lyroides Marine (Brackish) Tanaka & Nagumo (2015)
- ~ 2NN - - Martyana martyi L-Mp~Tp Koizumi et a/. (2004)
- P Marine, plant vegetation/
IS = Mastogloia minutissima benthic Ozawa eral (2011)
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Table 2. Continued.

<< <L L LLLLLLLLLLLL L L L L L L L L L L L <L < << << << << < <<
P R A A A A
O 000D HhoO0OOOO000OO0CDCOCO O LoD Lol h OO OO O Y
83838838888 E8 2222 C22 22 S0 0NN YSBRISIIuTTLITIIRY
SRERRSNRF 8o NG Rl 0coSNBREGaNgFRB8S2RAUFRGzaI88SH
> @ la} 5 [S]
54 Taxa E cology References
5 Sand flat in blackish Kosugi (1988)
N la alph.
e ~ avicuia apia water Koizumi et al. (2004)
N Navicula beta L-Mp~Tp Koizumi et a/. (2004)
ESE N N - Neog Navicula sp. L-Mp~Tp Koizumi et a/. (2004)
River mouth
- Nitzschic hibi K i(1
litzschia amphibia (Freshwater) osugi (1988)
3 2 - o RN Nitzschia clausii Hantzsch Freshwater Krammer & Lange-
© *® < Bertalot (1988)
Y +tH++—m—4 FoooNW D UONNN - - ~ Nitzschia cocconeiformis Mud flat in saline water |Kosugi (1988)
- Nitzschia frustulum Freshwater Kosugi (1988)
) ) ) . Mud flatin brackish Kosugi (1988)
- - Nitzschi aurifc
© * * izschia panduntormts water Koizumi et al. (2004)
N - o= [NENNN o Nitzschia sp.1 unknown
- Oricymba sp. Freshwater Jittner etal. (2010)
_ " innerbay Kozugi (1988)
BYNGe -~ BIAIBILIAAIILZAS- - SENEY parala sulcata et o Kotsumi eta! (2004
. 5 Temperate or tropical  [Round etal. (1990)
- Pe It
etroneis deltoides seas Koizumi et a/. (2004)
Mud flat in saline water |Kosugi (1988)
+ - - Petroneis marina L-Mp~Tp Koizumi et al. (2004)
Marine (Brackish) ITanaka & Nagumo (2015)
ENE - N=N ) Pinnularia sp. Freshwater Koizumi et a/. (2004)
. Plagiogramma pulchellum Sand flat in saline water |Kosugi (1988)
var. pygmaea L-Mp~Tp Koizumi et al. (2004)
- [SRVRWEE - Pleurosigma sp. L-Mp~Tp Koizumi et a/. (2004)
-~ - + Psammodiscus nitidus L-Mp~Tp Koizumi et a/. (2004)
w N o= Pseudostaurosira brevistriata Viud flatin brackish Ko.sugl (.1 %68)
water Koizumi et al. (2004)
- Rhizosolenia hebetata 0-Hp Koizumi et al, (2004)
~ - Rhoicosphenia abbreviata Freshwater Koizumi et al. (2004)
N~ 5 - w Rhoicosphenia sp. Freshwater~littoral Round etal. (1990)
+ ) - = Rhopalodia sp. 1 L-Mp~Tp Koizumi et al. (2004)
IS w + = w Rhopalodia sp.2 L-Mp~Tp Koizumi et al. (2004)
[T [SIENT Rhopalodia sp.3 L-Mp~Tp Koizumi et al. (2004)
Stz i 14
- - aurosia vco,,b’ ruens Freshwater Round etal. (1990)
var. binoides
N ~ = Staurosira construens Benthic in fresh water  [Kosugi (1988)
var. construens Freshwater Round etal. (1990)
- Surirella sp. L-Mp~Tp Koizumi et a/. (2004)
+ © + + Terpsinoe sp. Brackish/freshwater Round et al. (1990)
+ N+ = + B S T T S e e N + + w w» Thalassionema nitzschioides N~L-Hp~Mp Koizumi et a/. (2004)
o~NZu [N Thalassionema 1 sp. unknown
+ - N = - - Thalassiosira spp. unknown
+ + o+ + Triceratium sp. 1 L-Mp~Tp Koizumi et a/. (2004)
+ o+ W == N = - Triceratium sp.2 L-Mp~Tp Koizumi et al. (2004)
Mud flat in saline water |Kosugi (1988)
[ N N i ST S R - - ~ & = |Tryblionella granulata L-Mp~Tp Koizumi et al. (2004)
Marine (Brackish) ITanaka & Nagumo (2015)
+ 4+ + + + - - Tryblionella punctata Marine/brackish Round et al. (1990)
- o= - ~ Gen. et sp.indet. 1 unknown
o+ ~ - = DL =G, w = Gen. et sp.indet. 2 unknown
55552568 3555555555885588888 coocoo % oFFon~ [loulofdaoms
OOOOITZIZIZT OZO0O0ZTOOOTVOOOOTVIZIZIZIZ = oo © [Preservation
NANNT DD D> MITATMT MM AT INEANND DD DD W W W W W ® » o w ™ n w =» |Abundance
Chaetoceros spp. "
and similar spores Inner Bay Kosugi (1988)
- anN —ma e s 4w - Hyaline type
Xanthiopyxis type A
w N N % -= & = = - w
(knobby type)
- ~ o o ~ | Xanthiopyxis type B

(short spiny type)
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Bk o Eh,

Staurosira construens var. construens Ehrenberg (=
Fragilaria construens (Ehrenberg) Grunow) (Plate 2, Figs.
9a—10b)

DK,

Surirella sp. (Plate 8, Fig. 9)

REITFPOREE» LI L TEEIN TS, K
WCiRIhEEE LTifo e,

Terpsinoe sp. (Plate 6, Figs. 7a, 7b)

I IFIUK F 72 1Tk
Thalassionema nitzschioides (Grunow) Mereschkowsky
(Plate 3, Figs. 1la—2b)

RE D bR
Thalassionema ? sp. (Plate 3, Figs. 5a, 5b)

AREANHA.

Thalassiosira spp. (Plate 9, Figs. 6a—6¢)

KIED% S IR0 LINFIER T 21 TH 2
B3, BEAZ WEBREICAER L TWS 700, FETIIEERE
FEICIZIEB WL o Tz,

Triceratium sp. 1 (Plate 9, Figs. 7a, 7b)

KB DIZ L A & H3FIERE.
Triceratium sp. 2 (Plate 10, Figs. 1la—4c)

KEDIZ E A LDV FEERE.

Tryblionella granulata (Grunow) D.G.Mann in Round e al.
(= Nitzschia granulata Grunow) (Plate 3, Figs. 10a—12b)
MK TRt .
Tryblionella punctata W.Smith (= Nitzschia punctata
(W.Smith) Grunow) (Plate 3, Figs. 13a—14b)
T,
Gen. et sp. indet. 1 (Plate 1, Figs. 18a—19b)
AREANHA.
Gen. et sp. indet. 2 (Plate 1, Figs. 20a—23b)

AREREA.

Chaetoceros spp. and similar spores (Plate 7, Figs. 10a, 10b)

KEDL IZIRRBITAER L, KEHEIHE L 7B
ECRIRITF 2R S 2B D, 2050 R+
IbA & LTRIFS 15 (Suto et al., 2012). AT
DHHTTIZ, Suto (2004) & Suto er al. (2013) 7 & THE
3 LT\ 5 Hyaline type, Xanthiopyxis type A (knobby
type), Xanthiopyxis type B (short spiny type) @ 3 JERED
RIRREF LA O ER S 1, _FECO B EMIIR e &
FEEL Y v s LTz (FR2).

HIREET
KfEClE, BEICER A DHERR S Tz Site A &
Site B O HBRELE oW CHHICERT 2 (X2).

Site A NESDJEE TIIIRIEII AR 3 2 HRI LD
KDL E%E b 225, MAREF OJee 2 0 Lok
JE» 63, BRI X R OB LA 3%  EEH S
5. —HT, Site BOTETIE, FEEE: L FREEO

SRR A AR D RS, KILKEBE TR L, B
EHEMIT G 5 L, R IEE T 2 B LA TERE O
FEHHED S BRI 60-80% % HD D X DITh b, ZDIE,
WYEHEREY)IC 7o 2 JEHERTE 0 6, F5 ORI - Wi
RN L, NT7E2 502X )12% 5.

F BSOS B EAERE H O BRI - YRR
I R A IE Site A & Site B DX THAE T 5.
7z, Site A & Site B &b, SNFEEHEIEE T 2EITIT &
A EEEH L o Tz, HERMHIZBWT D, eE2L X
DRI ZCRDE « BB A EZLL, K1 miZETHOR
Bl WOHBRAIHER TS 2720, ThH5DE
{LIZFREHE A TR L Cw 2 ATREME DR .

INLDZEnod, BRI, EE O WK
WAL X O inE - TBOELL, EE bk LItk -
T—RERY IR0 & HERE ) oIS & L WIREE 1T R 2
RN TR oS-t Ez 60D, 1, &
WFge DEEE(L A E S & 13 R 2 05, #BAF - FE
(2016) 12 & o TS S T 3 BEELA IZIRE O
MicE@EIc Ao Th D, AERBEEITOMEE
EFBELTW.,

SRESEITHE O BREUIREA1Z 5 (2018) THS
DN E NG EE O TEE & PERE QBT T
NI LD, ZOHEAEE S Site A B X U Site B
BT BEHOZMIE BB D X 5 HEELAICX 2
REZBERIELTWS., TXhbb, GEE TEEH»
5 E A OTERGEIE T, HEREEBRE I TEARR IR I
FBWEHETH D, hE - FBLT 20 EOEPED
TWieZ EDBHL N E o Tz 72, BRIED (2018)
12 & 2 W TN EBDEECE DERMTHER 2 6, Z0
& O UHEREBRIE O ZAIEAY 100 TEEFNICAE T DT
Hol: LHEHITS 2.

E jF

HEM LA OASIZEI L€, BB EASEHE O
BHIPSBEIRZIC CHIE Wi wie, £, HANEAE
FLERBED R & v 7 OF 2 13T oS L
I U TR 2 TR W P, ST
PRAITIIEFTEIT 3 X G EDIFEANDH ZITHEEL LI
TR Wi, ThbDFLZITE#H VT LET.
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Plate 1. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bars = 10 um. Right and left bars for Figs. 1a—2c,
4a—28b and Figs. 3a, 3b, respectively.

1a—2c. Rhopalodia sp. 3 (YS-012).

3a, 3b. Epithemia smithii (YS-025).

4a—6b. Rhopalodia sp. 2 (4a—4c, 6a, 6b, YS-009; 5a, 5b, YS-012).
Ta—8b. Rhopalodia sp. 1 (7a, 7b, YS-002; 8a, 8b, YS-025).

9a—10b. Eunotia spp. (9a—9c, YS-035; 10a, 10b, YS-026).

11a, 11b. Eunotia arcus (YS-026).

12a, 12b. Amphora copulata (YS-025).

13a, 13b. Encyonema minutum (YS-023).

14a, 14b. Halamphora normanii (YS-005).

15a—17b. Halamphora sp. (15a—16b, YS-009; 17a, 17b, YS-007).
18a—19b. Gen. et sp. indet. 1 (18a—18c, YS-027; 19a, 19b, YS-003).
20a-23b. Gen. et sp. indet. 2 (20a—21b, YS-007; 22a-23b, YS-006).
24a-26b. Plagiogramma pulchellum var. pygmaea (YS-002).
27a-28b. Glyphodesmis williamsonii (YS-002).

Plate 2. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 uym.

1a—2c. Cymbella sp. 1 (YS-007).

3a-5b. Navicula sp. (3a, 3b, YS-012; 4a—5b, YS-009).

6a—7b. Amphipleura sp. (YS-009).

8a, 8b. Grammatophora sp. (YS-002).

9a—10b. Staurosira construens var. construens (YS-002).

11a-12b. Staurosira construens var. binoides (11a, 11b, YS-026; 12a, 12b, YS-025).
13a, 13b. Nitzschia amphibia (YS-006).

14a, 14b. Nitzschia frustulum (YS-025).

15a-16b. Nitzschia sp. 1 (YS-009).

17a—19b. Nitzschia clausii (YS-009).

20a—-21b. Rhoicosphenia sp. (YS-008).

22a, 22b. Achnanthes brevipes (YS-038).

23a, 23b. Nitzschia cocconeiformis (YS-001).

24a, 24b. Bacillaria paxillifer (YS-005).

25a, 25b. Bacillaria sp. (YS-005).

26a-28b. Martyana martyi (YS-024).

29a, 29b. Nitzschia panduriformis (YS-005).

30a—33b. Mastogloia minutissima (30a, 30b, YS-009; 31a-33b, YS-012).

Plate 3. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 ym.

1a—2b. Thalassionema nitzschioides (1a, 1b, YS-002; 2a, 2b, YS-012).

3a—4b. Pseudostaurosira brevistriata (YS-027).

5a, 5b. Thalassionema ? sp. (YS-024).

6a—7b. Fragilaria rumpens var. fragilarioides (6a, 6b, YS-025; 7a, 7b, YS-026).
8a—9c. Rhoicosphenia abbreviata (YS-008).

10a—12b. Tryblionella granulata (YS-002).

13a—14b. Tryblionella punctata (13a, 13b, YS-038; 14a, 14b, YS-002).

15a—17b. Lancineis fatula (YS-002).

18a—19b. Delphineis surirella var. australis (18a, 18b, YS-014; 19a, 19b, YS-002).
20a, 20b. Oricymba sp. (YS-004).

Plate 4. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 pm.

1a, 1b. Cocconeis cf. tenuis (YS-003).

2a-3b. Cocconeis tenuis (YS-025).

4a-T7h. Cocconeis placentula (4a—5b, YS-007; 6a, 6b, YS-002; 7a, 7b, YS-025).
8a, 8b. Cocconeis cf. placentula (YS-015).

9a-13b. Cocconeis scutellum (9a—11b, YS-002; 12a—13b, YS-006).

14a, 14b. Cocconeis vitrea (YS-002).

15a, 15b. Cymbella sp. 2 (YS-026).

16a, 16b. Cymbella cuspidata (YS-026).



Plate 5. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bars = 10 um. Right and left bars for Figs. 1a—9b
and Figs. 10a, 10b, respectively.

1a, 1b, 3a, 3b. Diploneis finnica (1a, 1b, YS-002; 3a, 3b, YS-011).
2a, 2b. Navicula beta (YS-004).

4a, 4b. Fallacia sp. (YS-024).

5a, 5b. Navicula alpha (YS-037).

6a, 6b. Petroneis deltoides (YS-037).

7a, 7b. Diploneis bombus (YS-002).

8a, 8b. Diploneis cf. bombus (YS-006).

9a, 9b. Lyrella lyroides (YS-002).

10a, 10b. Caloneis permagna (YS-037).

Plate 6. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 ym. Right and left bars for Figs. 1a-5b and
Figs. 6a—7b, respectively.

1a-3b. Craticula sp. (YS-007; 3a, 3b, girdle view of frustules).
4a-5b. Petroneis marina (4a, 4b, YS-019; 5a, 5b, YS-002).
6a, 6b. Pinnularia sp. (YS-005).

7a, 7b. Terpsinoe sp. (YS-001).

Plate 7. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 um. Right and left bars for Figs. 1a-5b,
7a—11b, 13a—15b and Figs. 6a, 6b, 12a, 12b, respectively.

1a—2b. Aulacoseira sp. (1a, 1b, YS-002; 2a, 2b, YS-027; girdle view).

3a-5b. Paralia sulcata (YS-002; 3a, 3b, girdle view).

6a—7b. Actinoptychus senarius (YS-002).

8a-9b. Actinoptychus annulatus (YS-027).

10a, 10b. Xanthiopyxis type A (knobby type) (Chaetoceros resting spore) (YS-002).
11a, 11b. Bidduiphia sp. (YS-002).

12a-13c. Hyalodiscus scoticus (12a, 12b, YS-001; 13a—13c, YS-010).

14a, 14b. Hyalodiscus sp. 1 (YS-006).

15a, 15b. Hyalodiscus sp. 2 (YS-007).

Plate 8. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 um.

1a-3b. Cyclotella stylorum (1a-2b, YS-027; 3a, 3b, YS-002).
4a, 4b. Cyclotella sp. (YS-027).

5a—6b. Actinocyclus sp. (5a, 5b, YS-027; 6a, 6b, YS-002).
Ta, 7b. Pleurosigma sp. (YS-009).

8a, 8b. Auliscus sp. (YS-021).

9. Surirella sp. (YS-006).

Plate 9. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 um. Right, central and left bars for Figs.
2a-3b, 5a—6¢, Figs. 1a, 1b and Figs.4a, 4b, 7a, 7b, respectively.

1a, 1b. Actinocyclus octonarius (YS-002).

2a, 2b. Azpeitia nodulifera (YS-038).

3a, 3b. Coscinodiscus marginatus (YS-002).
4a, 4b. Coscinodiscus asteromphalus (YS-002).
5a-5¢. Psamodiscus nitidus (YS-002).

6a—6¢. Thalassiosira sp. (YS-002).

7a, 7b. Triceratium sp. 1 (YS-001).

Plate 10. Fossil diatoms from the Yushima Formation in Yushima Island. Scale bar = 10 um. Right and left bars for Figs. 4a, 4b
and Figs. 1a—3c, respectively.

1a—4c. Triceratium sp. 2 (1a—1c, YS-010; 2a, 2b, YS-20; 3a—3c, YS-034; 4a, 4b, YS-011).
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