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Morphological notes for fossil study on the fruits of Trapa:
with special reference to the fruit wall of Hemitrapa trapelloidea

Motoharu OkamMoTo P, Minoru TSUKAGOSHI 2

Abstract: For the study of fossil Trapa and related genera, we examined some controversial key
characters of the fruits of extant Trapa through observations of flower structure and fruit development.
Main results are as follows: (1) apical corona of Trapa should be discussed as an indicator of the presence
of nectar disk, (2) the inter-sepalial tubercles develop beneath the petal scars. Details are shown in the
summary in English. Furthermore, we compared fruit wall structure between Trapa and Hemitrapa
trapelloidea. Fruit wall of the latter consists of rather soft and very fine fibers, 3—5 micrometers in diameter,
while that of the former consists of hard, well-lignified, thick fibers, 10-20 micrometers in diameter.
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F—TJ—F:by, AUy, LAYy, 7RSIy, [EE, JokgEt

IFC&IC

{EADWZITIIBAEYNCEE T 2 )6 S GROVARR DR E T H 5. JRWVARK TZ DL O TH
ZDMT20 2D, k& BN 5 BAROEREPIEAEFREOMIRIC T 5 WAL CE > Teh
DIEREZMRINT 5 T L1755, HWYIDORIULADLEITE, [EhDRFICEZFEEMEZIE AT
T, BEURDILREZiamd A ENHEETH 5.

EVBICOWTE, Miki (1959) 1K 5 [ YNFEHELOMAEN D, 7AFneyEzefttes
JEMHELLTz) EWSREIDMRIEE N T VSN, SEFICE-> T, #¥i)@ Primotrapa (Li et al., 2020) 7%
LEZROILANREA, BN 2X21%0, X OFMAEERD TRED DRAEIREFEICE > TV 5.
LA L, ThHobAIREDOHICIE, BHAE L VEDIREEZ TICHEE 2 T3 LIE SV
LEEAEINS. iz, (bain THDNSHIEEIIIIEDORIIED L TEHE L, ZOEDEE
B2 E A P EOBFESEIREE s r— A8 H 5. BRFET, oMo IUbAaDE
i CREMHINSRIEHEICDOWT, FEREDPREACE DV Z LT T ik, EERENC
LEBbns. AT, bYEOEAICHNZPEICERZR S T, EAEEMOIEN S RIEAD
FEEREZ A Ui d 5. HOET, KBz BAABLEYSICE TN T2 =KX ool 7
2 aYORDOT AF Yy (Hemitrapa trapelloidea Miki) WSS ADEEN SIS ENTZ, 7 AFOE Y
& VIBORBHEED 2RI OV TIET 5.
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B VOt X ORFIE, KBUF FOWL DO D7=dihih SIEHRE, H 2V E 213 R 5
BRICKORE L TEONIe Y A BVICHRRT 5. ¥ AT ORIUT KBTI FHIRL IR LR
BENTOAAHEEA R LR s O, B — 7475, OSA203737) Zflifi L7z

{EDMEEREITICOWTIE, FHEERIODIEFAZEREL, KiEI /71 F—LT/EE 20 um DY 72D
<0, BTSSP TRIEL LT, BIEEEAE, 10%/KEE(LA ) 7 WA TG - kL, Y7 5=
RO, BRI T —)VTEINEL, SRS N CEREHMZED BRO TR L7,

TAFTHE U, AR K o TEHIRES RO SR B - cERE S N, KBl
VEESRB IR T 2 —)b 0% % F O THGRIRRE THRE S N0 2 IR EATIRREDREA  (OSA Prof.
Miki’s Collection F19840) D5 B0 TH 5. Yekreld = KIS Re S CldHas =i fbrtaity
EEZLNTOIEN Miki, 1941), STEOHIZEC X O HiE kbt iR ~% 98 (10Ma) &3
Z6NTW5S B, BHEUAENEZE 7 L—7, 1999). 7ZAFabevid, 70 b—LTEE 20 um
DY 7 O SEERTH 2 SRS, EZEE T bV o LG U CRE R BB EEE, R A
S P CRISR E kAT, by &7 A0 E Y OEEREFIEMEEREICX, MHREHH
37NA T %7 0 Miniscope TM4000 7 [Tu 7z,

BREER
{EDIphE

OB 4 Ef, 4{ER, 1SS 2BOTENLRRD, 4B EEARE T 5. ERIIIUHRT
WA EIRICEL T BD, K TlddiAd (interlocking) FiEIC7% > CH D  (Sinjushin, 2018), F&
HoEa L TERZERT S (K 16). EE M FRENMEE 0ATBTEICARD, TR MM
L% (K 10). 4 KROERFEFAE TR, (EERE DR TIIMEERDEICHET 2 (Payer,
1857 ; Liu, 2000). FEDFimiBORIMBIZI T, 4 OB X FARICHET 2D Tidix <, 2 Hofl
SRR TR L, R - mE OSSR I AERAIC KD RTONTWAD (K 1B), T
N FREOFEERE KL TOS0hE LVEWL. —/5TC, TEOREERNIGE RS L, ZD%0#%
KREIC K O AR OERDEM TS5 K51k % (Ram, 1956 ; R4 « 5, AR, 2
FromaiBiy, WEOMEIC & &IROERFDVYERT 5 DIz > THlfkHET 2 (K 1F, G).

I L HAET BO0EIC 4 OEFHH O, ET AAEIC 4 KON H 5. {ERIFAET, 2
INFROIEEL RENZBUIH BH, TIVANY DfEFD K 5 KIS hsifldinn. {EF & s
&, (ZIFFRENCH BHD, (EAOEPIERRAREEE L T0EDICH L, MEEEFRITER L IR
Lo THIL (K3A-®@), ZORERIIAMNCH 2FMOHIB LA L TS, FHOREICE
I BFNTNOEIRE, {EFOTTMMNCHZEIICHZ ST EMNEE, {EFOTTMNORETHD &
EZBNS. HEEFRETICOWTIIRINT 5.

{67, HEEOWRNCIZERMNH D, FHERRCIZERMZ WL TW5 (X 1D). E#I TR ORI
<HBZEHLUTTHRZEDBNTED, [EROEH L HEEREOIEROITOMICED T X5 RE T,
ZROFIR - RSN H S (K 1C, D).

{6 & ERORNAEEIROZL D H % T &% % (X 1E). Kadono and Schneider (1986) & [Fl
FRDZHY) 28 LT 5. Sinjushin (2018) (FHEEEDMHEECREHI® 2 ANV U 7 HEES D RH 28
LTWa. INS50OHEMIE, FRE b YBHAOMEEHORESEROLFEZEZ % & EOEEY
HeaziEbnsg. BRI, VDML LI HEOE D& EbNBIEN (Spororrapoidites
erdmanii) DOILEESR IR 51X, FHEYNEEEAE TH - 72 AlREENE O ERBEIN TS (Nagy,
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T by e AUy fEe R AL b O®. SR 1RZRA. B HoSRabEH. MEHA L)
FEAE LT, Mg (AD R (Ab) ERTONTWS. C: EHOMMIm. Se: ¥ ([,
St: €, P: BSOS, ND: &AM, Ov: IEEk. KRENZFHEEE RN S ERE RO D FHEHDLE.
SR 2 BEAETT | zBRE. & (ND) ICEMA W EN TS, E T & EETORMIC RS Nk
FERDZGEE CRAD. F:AZEYDORERBDTEORE. AR OTHOTCEFER AT IET 2 (K
HD. G DREZIMDICECRE. SEEET (fused) DHIEL CRED, 3OAAME (interlocking)
FREDEAEL TN, LA (valvate) TREGBARSNEL. H: Y OREZKO I ORFE. il
R GE U, B A6, HEEOHONTERERIC K D 'R RS 5%, A7 —)bid 1 mm,

Fig. 1. Flower buds to young fruits of Trapa japonica Flerov. except Fig. 1F (T. natans L. var. japonica Nakai). Bars indicate
1 mm.
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1979 ; Suetal., 2018).

THRAZIEHRRICIR > TALY) D BEC X D G 2 RIS 5N TW3. IRERERIZLY) D BEOHhO T
BER S 72 PR U T THEEIMTICH B IRBICED, WBcEznzghn | o ErekzDo% (X 1C,
3A). 2 DOWRERDREROAE DR E 72 3 lic— L Twa T b hhUS, DT & EH D,
MEENETHS. [, I OMERE R, 2N 2N TR Z () 2 D75 513, Ram (1956)
*® Sinjushin (2018) DD X 1T, MERDMIEFIINITIED T EHWTFHEEINSD, LI TRFA U
WM SFIAHBICH SN, 2D &b, [HERTIREEZ IR L TlifllOfRIC k2115 2 & 7%
REL TV, 2 DOMERD S B, dikEld 1 HDOHLFE FICHES 5.

P [aN5Y S ECaN

{EWREBRER | HLUAICBEUR L, REIKFPTHRET 5. EROBAHRHIHREL (X 1F, ),
b ol & R OZZ DA T2 L L BT, L O FEMAES. AZE T TR, 4
DOEZUF N LI ERZIRD 5. BEF 2 2 7= AICHSEL, o OZEZIHEIRIC
WFEEIELE, KEIOFIRGEIFRET 5. S ilOMMRIREE, S OB A
BRSO BN A S LA (B Z8BR19 % L DN E D, ISR A b L A DR R 2
LTWAReEe H5%.

THE - B A, MEEL ORONMEREB X UERE - FEOmAL EDEHNER S o
TIER EFESARENE LNVEVY) OFGEIC K D RRIINET 5. (ERFDO THEHIXIEE A EREST,
FREDONERRERIC K D EERICHD BIF5N 5 (K 1H). FREEEETRD 557k U I B\ OE HMHRHE
FHRRIC X Db UCTEER (apical corona) ZIERT 5. TEERODILIRSDFEEDRES U NIRRT EAR
TEEIE LR /KT (K2A-D).

[HEROEEII . VBOERILE L UCTIEHICENITH S L BbNED, BLN)VORELED % #
BV TIE WAL, Lv.etal,2010), SHEDRIHEDINTH LB T LIFEHRTHS. HLETLE
BOFEZIRIET ZIEEE L TEZ SNEL TIRSEL. bV OEROFERIIIAE SFENZ R
MNHH, EALCIDXIIC, BRMHUET ZICEH D5 THHERERMER S NEEEH 5. 1E
B 2EBOAEZRIE (NRE) MOHEET 2101, THEREERICHDIR 2okt h e
HROMHEERY VT K> TEW ENZ DS ZF 2 v VT35 ehENTFREERSTHAS. H
BRE D ETIE, FREEEERIIRMEBNEES>TED, RSO EH LOEFRREE (free
ribs) WHINSC L BRI TH . BT OMEE R > 71 K2R EEEROME R M EbEH, Zh&K
D _EEOMEE R CREE NS T LIc kD, PR AESFORERE BT Lh e VBB
BMOERFELEZ5THAS. (LAilZEZDIZC VIBDERICIE, EO5ELHERDVETHS.

RIYPREIC s ZHEE UGET 7

b L DOEHEOHEEHEST (X 3A) @ ROz LFH U T EMEIROME RAHE, {EDRLBTER
WKL, [l EEhlloOSEE OERDN T ZED 5. EFPRMEEENmD S &R (PSB ! Petal-
Stamen Bundle) & {2 IC A S THEESRIMDHIL L I 2 ER 2805 ENTES (©). mEH
FrOBE RN RITEEL, FOF Yy T2b 5 X 5T, Wil PSB h 5 E RAEE D
(OSB : Ovule-Stamen Bundle), RS H (OB : Ovule Bundle) & A8 (SB : Stamen Bundle) 747 H!
95 (@, ®, @). [, HEfoHERENTERITMELTZEE T, PSBHSIERER (PB ! Petal
Bundle) WtiZzlgh2 (®). {6 (P Petal) MoBEL, 2 (LS : Lateral Sepal) D73 EEAMA
F5L, TOF vy TS5 K5 STl il PSB h S MIMEEEIC b S BHRN T
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2. EVBOTEE SR MORKI. A-D : FRHOMMBETHAOL (A F=EY. BCIEY. D
LAV Y)., AL VCRBIEERTORME T > e GO 5NEWV. B-G @ JRlkISOFEERRE (B @ il 2
AR ER O ORI, CWL O BisIE, SS: HZAE, StS:HEYE, Kil~v—7 ({EfMHE. F!
JREHORFE., “IREOFREICK D, BPIOREPHIFREIOCTHNIEL TRDICS <A, G R
WIEWIRSE. R O—7z#EE. PRSI R & 0 WIS D fEFPIRICHIk S 5. TP {LFPIRDBR I F8E
L7lZodH (JERZEk). PSB @ fEfF, MEEEANIID S HEE W, BERR @ SRIOELIBVEIEONIE. H @ JERZe
EL DM O LA FEIMEBIE . RERIMHERRL Chrbn, HULER O KRN THARRIRAL T e E
NTWV3. VI HEEROBEER, KH  TERNOE RIS, 10 [, HEE R EERONIRR. J-L o JEike
O, MNER. T 42Uy, K-L: eicBI 3 MAERD .

Fig. 2. Apical coronas and inter-sepalial tubercles of Trapa. A: Apical corona of 7. natans var. japonica. B-C: Variation in T.
Japonica. D: That of T. incisa Sieb. et Zucc. E-G: Development of inter-sepalial tubercles in T japonica. E: Young fruit
just after the median sepals detachment. CWL: Calyx-whorl line, SS: Sepal Scar, StS: Stamen Scar, Arrowhead: Petal
Scar. F: Developing fruit. G: Almost matured fruit. Tubercles (TP) develop inside the calyx-whorl line (indicated by
broken line at the right side) below the petal scar swellings. H-1: Broken surface of a tubercle (SEM figure) showing the
bundle branching off toward the petal (arrow). V: Vessels of vascular bundle. J-L: Infra- and interspecies variation in
tubercles. J: T" natans var. japonica. K-L: T. japonica.
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% (©®). WfIEEEERIIOARUBRERE 55, A OERINIEAC THEZERL (), K
WAZTERT 250EL 5%, CTNDOBERMEZREA T T, TR - #ER (WDB : Ovary
Wall-Nectar Disc Bundle) 2V UC EmL, #ERZH LT, HIEHANE LT 5.
2 OAROBE LA (X3B) © FElOMEE RETOV ARGEZ A A—Y L9 § 57201,
EVRFEOBIN AR R ULz, SRR IS X 2 & I IZ AR OMEE dGE THBIS S N 5.
HHIARERENE LT, MEREROETHHIFENS. DIFHORMYIN Tk, HEREHR (OB)
1% OSB H 5 NN 0 L T2 03, HORFEOBIHAEA TR T FRICHIN > THHIL TV 5.

Bundle to
lateral sepal

B 3. {EDMEEAESTE RITBRE. A & ORIIERRICIKMT ZIEOHEEHGETT. SIIEASL. MS & 1l =4
B, PSBIAEST - HESEE W, OV i IkEk, OSB: Pk - MESEHE N, OB : JREREEH, SB: M, S ML,
LSt {2 ~OE AN, PB LW, P IESOIEE, TP fEMME FOYSIRZSE, WDB : HEHEH. B!
L OFOVREDBEWUCEA. ZEIREIC K D ERERI T PRI E>TWVA. A7 —)lid Tmm. C : Jaj)
ISR & REEDINICH 5N B R v b,

Fig.3. Floral vasculature and morphology of mature fruit (endocarp). A: Transverse sections of flower bud and mature fruit of
Trapa japonica. MS: bundle to abaxial sepal, PSB: to petal and stamen, OV: ovule, OSB: bundle to ovule and stamen,
OB: bundle to ovule, SB: bundle to stamen, S: stamen base, LS: bundle arc to lateral sepal, PB: bundle to petal, P: petal
base, TP: tubercle after petal scar, WDB: fruit wall bundle. B: Cleared specimen of young fruit. Ovular bundle has
become J-shaped through differential growth. Bars indicate 1 mm. C: Pocket between the adaxial staminal ridge and the
fruit wall.
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TS ERICEBMOERIEIC X DA THA 5 L8N 5. KEARONRRIIE, il i
DHEESREOANANCIEZ R v MIRDFENERDRSNSH (K 30), fIMEEONANCIZZIUEEDHE
WEAT RS NR, MERERZ T 720 LR CARKEDN C OEAZIER LIzE D L Ibn5.

{EFPIE: X 3A DEFREONRIC R SN2 EHFHOPEIRIGE P) %2, HEEFE T L DXt & -
TEMRICHERT 28D L. L LU EGmDH 2. Miki (1952) 3{EFHETH S & LI,
RICEZZRDT, IYNFRHILS RSN 5HEIE (epicalyx) ICHEPRT 28D THAH L L, YN
FRRT ZF O VR E ORIREET L7z (Miki, 1959). Sinjushin (2018) &, BIEt & THIED
e GERE BRI L) DBERE NI L3RV E LEASE, REICR > TOIHERE
D—HBOR(EIC K > TEHNZDOhE Lz &, Miki (1959) ZRZALTE.

UL 5, (1) X 3A DGICHBNBIEFTERD/IHERE & RFARNFRL D PSB HR & FiEikZE
FLONTERIRIE, FHEMDMEMPRICHKRT % & L THOENRE R ZIFANGNE. Q) S VYNFR
OFEIENE, 2 & [ARIC D D MBI T 2858 TH DI L, JIRZHEIEEH K D HS
WCABNCAFAES 2 (K2E, F). ) IYNFRORIEIXE R R AHOTICHOET 55 TH S
/Y (Cheung and Sattler, 1967 ; Dahlgren and Thome, 1984), b @ TII{ERHCIZZTICMELL, 0N
THIFHEIC K DERLTLE S (K1G). ) {EMEDH & HEEIIRDRELLD) ICHEIRISEh T

4 o gL 1 500um

A iy e T

B4 7AFOCTELIORBEOME. A T RAF R ORI B YREORMIH. AN i OREHER,
SIS HETT 1 ORFHERIAEE F > TWa. C 1 BIHLEAR. #§71m & BT OMHEIRN R X 5. D @ 6
KRR TRAME . AHEIII O ANE 3-5 um. E @ b 3 0 FEREWTL OB TREME E L. K
HERRROIEEE 1020 pm.  AEERPN AR CARTz 7 A1 B s o JRRE,

Fig.4. Fruit wall structure of Hemitrapa trapelloidea and Trapa japonica. A: H. trapelloidea specimen from type locality
preserved in alcohol. B: Transverse section of fruit wall. C: Cleared material showing vertical and transverse, very fine
fibers. D: SEM picture of fruit surface. Diameter of the fibers are 3-5 um. E: Broken surface of fruit wall of 7. japonica
(SEM picture). Diameter of the fibers are 10-20 um. Fruit surface of H. trapelloidea in the same magnification is shown
in the broken line.
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T5HT LR, brOEAF ORERICHIRIGAIEET 5 L LRICHR TH S LEZBNS. DIE
DX 57T, EHFTOFRKIGEDRIELR TH % & 5IIEHLSH D, EPMRICHKT S &
EZTHEWIZWE EbNn5.

PERZSEEDNEREEZ X 2G, HITR Uz, {EFPERD PSBERNS D/ HIBETE A, 246
NI TR TR B R A DT E N TR D, DTz ERIa D MR 35 U
WS LML TV, FRIRZGEEDIEiRIC, MEEAIEDX S /g4l GhICEMCRD T LEH D)
LIXLIERSNSD, Thud FRlofHEIIR O/ T Th-> T, [EREREBEIEIHZEDD, Z
DEHEOREW & IFSWVEINR. [AOEIXEREICE R5N5.

L YmE 7 A1 s O RREOREE

TREA L UTIMEEIN TV 7 AP a By ORI, Graham (2013) A less lignified & f&HEL T
5891, ey EREL RS TED, AMUREMELS THIENKRT 5N5. KEDHZDY:
HEORETHNL, HIJJOAREH I 70 h—LTEBYFDPMERLTEZME TH 5. FHEIC
HRENTOBOZKITERET 2080 H 50, v UElldBasHiEikzag Lz D TH5A]
R H%.

REEORWTYIF OFEELEE T, W2 BT NTVS T Db 3hY, 400 f5OREMEEHEHEE
TIFHS M REERHTIEREEChH > 7z (M 4B). BHLY > 7 VOiE: (K 30) LHbETEAS L,
AMENCHETIORRHERIEAE T, BN OREHERIa A T EEEE R T L TES.

EEREFREMEIEIE TIE, 7 A0 E b ORHEOMHERIE & B4 v o OfMERIE 2 13, K&
WKCBWTHLIEEN DS T EMHLMCIE -T2 (K4D, E). ESOHIEIZTEEh -7, T A
;O ORHEIIEOERE 3-5 um THo Tz, ZAUTH LT, b ORMEMIEOEEE 1020 um T
ol

WROFSIERRENE, MHEHIE D THENC AR EZEDETERS E, TATFTHEYD
HRHERHRRI AR AR Hk g %50 < V) 7 = AL U T-ffERIE Cldie <, BlissHskichskd 2D 7=
{EDTTORHEHE TR E N TV B HEEMEDYD 5. LA L, W9 313, & SICEEMAREEESD
B X o TIREEMIE A e B L 12 5 TH A5, EVEET AFaLy 0, TOX S kG
PZEFDEH S NS ARAUE, ZFOAEBRMEAOFEEOREEESICEHNTOS AN EH D, IR
ML s NFEEZ S L TOERBRHE 55 MRS NS,

O
AR T BMBHRGIC IR AL N 7 2 OB Z R T e T 20T, S BILH LS 3.

Summar

For the st)l,ldy of fossil Trapa and related genera, we examined some controversial key characters of the fruits of extant Trapa
through observations of flower structure and fruit development.

Calyx segments meet to each other in a valvate condition at the top, interlocking at the middle portion, and congenitally
fused condition at the base (Fig. 1G). The basal, fused portion degenerate before the spreading of the sepal (Fig. 1F, G). This
may relax the mechanical tension for the fused tube at the sepal spreading.

A staminode-like appendage was seen between a petal and the nectar disk (Fig. 1E). Kadono and Schneider (1986) reported
similar appendages.

The ovular bundles (OB) branch out inward from the adaxial and abaxial ovule-stamen bundles (OSB) horizontally (Fig.
3A- @, ®, @). The bundles become J-shaped through differential growth during the fruit development (Fig. 3B). This
bundle course generates a deep pockets behind the stamen bundle ridge at the adaxial and abaxial sides, respectively, in the
mature fruit endocarp (Fig. 3C).

The apical corona derives from the nectar disk, which is elevated by intercalary growth (Fig. 1H) and thickened with fibers.
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Although the inter- and infra-specific variation is large in external appearance (Fig. 2A-D), it becomes a good definable
character for the genus Trapa if we regard it as an indicator of the presence of nectar disk. For this purpose, we must carefully
trace the fruit wall ribs whether or not they are interrupted by the fiber ring of the nectar disk.

The vasculature to petals suggests that the inter-sepalial tubercles derive from the petal scar (Fig. 3A- (8 ). This is supported
by the fact that the tubercle is obviously an inside structure of the calyx whorl (Fig. 2E-G).

We compared fruit wall structure between Trapa and Hemitrapa trapelloidea. Fruit wall of the latter consists of rather soft
and very fine fibers (Fig. 4C), which are 3—5 micrometers in diameter (Fig. 4D), while that of the former consists of hard, well-
lignified, thick fibers, 10-20 micrometers in diameter (Fig. 4E).

5| AxZEk

Cheung, M. and Sattler, R., 1967. Early floral development of Lythrum salicaria. Canadian Journal of Botany, 45(9): 1609-1618.

Dahlgren, R. and Thorne, R. F. 1984. The order Myrtales: circumscription, variation, and relationships. Annals of the Missouri Botanical Garden,
71(3): 633-699.

Graham, S. A., 2013. Fossil records in the Lythraceae. Botanical Review, 79: 48-145.

Kadono, Y. and Schneider, E. L. 1986. Floral biology of Trapa natans var. japonica. Botanical Magazine, Tokyo, 99: 435-439.

Li, Y., Cui, Y-M.,, Gee, C. T, Liang, X.-Q. and Li, C.-S., 2020. Primotrapa gen. nov., an extinct transitional genus bridging the evolutionary gap
between Lythraceae and Trapoideae, from the early Miocene of North China. BMC Evolutionary Biology, 20:150. (https://doi.org/10.1186/
$12862-020-01697-2)

Liu, S.-H., 2000. The development of flower, fruit, and submerged leaves in Trapa taiwanensis L. Master thesis, National Sun Yat-sen University.
(in Chinese with English abstract)

Lv, X. D, Sun, B. N,, Li, X. C,, Lin, Z. C., Xie, S. P. and Tian, N., 2010. A new species of Trapa L. from the Miocene, ZheJiang and its
significance. (http://www.paper.edu.cn/content/201003-553) (in Chinese with English abstract)

Miki, S. 1941 On the change of flora in Eastern Asia since Tertiary period (1). The clay or lignite beds flora in Japan with special reference to the
Pinus trifolia beds in Central Hondo. Japanese Journal of Botany, 11: 237-303.

Miki, S. 1952. Trapa of Japan with special reference to its remains. Journal of the Institute of Polytechnics, Osaka City University, Series D, 3:
1-29.

Miki, S., 1959. Evolution of Trapa from ancestral Lythrum through Hemitrapa. Proceedings of the Japan Academy, 35(6): 289-294.

Nagy, E., 1979. New tropical elements from the Hungarian Neogene. Grana, 18(3): 183—188.

Payer, J. -B., 1857. Traite d’organogenie comparee de la fleur. Librairie de Victor Masson, Paris. 748 pp., 154 pls.

Ram, M., 1956. Floral morphology and embryology of Tiapa bispinosa Roxb. with a discussion on the systematic position of the genus.
Phytomorphology, 6: 312-323.

Sinjushin, A. A., 2018. Revisiting the floral structure and ontogeny of Trapa natans L. (Lythraceae). Wulfenia, 25: 57-69.

Su, T, Li, S.-F,, Tang, H., Huang, Y.-J., Li, S.-H., Deng. C.-L. and Zhou, Z.-K., 2018. Hemitrapa Miki (Lythraceae) from the earliest Oligocene
of southeastern Qinghai-Tibetan Plateau and its phytogeographic implications. Review of Palaeobotany and Palynology, 257: 57-63.

R+ FHARIFZE 7 9L— "7, 1999. Wil iz 11 5 ZEOEE T vy 705752 Nkl — I RIREA R O Sl fiE
Teightthoo | — . HHERRI | 53:291-306,



