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The floral structures of Zostera asiatica, Z. caespitosa, Z. caulescens, and Z. japonica found off the
coast of the western part of the North Pacific Ocean were developmentally investigated. Floral
developmental and morphological studies proved that the order of initiation and the degree of
development of connective and retinacule, in particular, are different among species. 1) Connectives
initiate in all the species investigated. 2) Vestigial retinacules occasionally initiate in Zostera caulescens.
3) The developmental sequence of reproductive organs is as follows: [retinacule—theca—connective] in
Z. japonica; [retinacule, theca—connective] in Z. caulescens; [theca—connective] in Z. asiatica and Z.
caespitosa. 4) Gynoecia grow independently from other organs from the beginning.
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Table 1 Collection sites and dates of specimens.

1994; k4%, 2010),

KRR TIE, ZALE CTHIHEGE OFAEFHIMIEN 72
SNTIZhhoTz HAREZ DR ORI IE A 7037
Zatedffi—A4 77 ~ EZostera asiatica, 277~ EZ.
caespitosa, ¥ 57 ~EZ. caulescens (DL LALFERD A
BOMETH LT v ELSINOT v EHE) BL O =T
~EZ. japonica (= 7~ EllUB) —AMEHS, BTV e
VDB AR, &Zﬁ:h%&:WETé%B%E%K%WE
R DOFAENE & FANETF 78 & OFARRK 2 Lt
LT, MERE, EEOMEZH LML, TYERO
EOREAMEZRSMNCTHZ AL LTz,

M EAE

FEIz V74447 <~ £ Zostera asiatica Miki,
AT~ EZ. caespitosa Miki, % F 7 ~EZ. caulescens
Miki, 38 X O = 7~ £Z. japonica Aschers. & Graebn.?
BEMEBERIFIEDO LB, BELTIER (5B
~A4R]) [TFAA (7 4V~ U v OKEERE : 50% =% ) —

species

collection site

collection date

Zostera asiatica

Zostera caespitosa

Zostera caulescens
Zostera japonica

Aininkappu, Akkeshi, Akkeshi Bay, Hokkaido
Namiita, Otsuchi, Funakoshi Bay, Iwate Pref.
Asamushi, Aomori, Mutsu Bay, Aomori Pref.
Orikasa, Yamada, Yamada Bay, Iwate Pref.
Oura, Yamada, Yamada Bay, Iwate Pref.
Kirikiri, Otsuchi, Funakoshi Bay, lwate Pref.
Nagai, Yokosuka, Odawa Bay, Kanagawa Pref.

June 26, 1993
July 13, 2004
May 17, 1991
May 19, 1995
April 21, 2004
April 22, 2004
May 25, 2005

F1-4X 77%%@?{“ 1. 447 ~ & Zostera asiatica. 2.
AT~ Z. caespitosa. 3. ¥ F 7~ Z. caulescens. 4.
=77 <& Z. japonica.

F gs. 1-Wflorescences of Zostera. 1. Zostera asiatica. 2.Z.
caespitosa. 3.Z. caulescens. 4. Z. japonica.
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% 5-8 B 447 ~ & Zostera asiatica (O /EFERRE DFE/LE. 5, 6. LDORAEIT 1O () ORI HIEE S, #HO Mk
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sq: HEREPNEER, €. A4 —bs8—|E, 5,7:200 um, 6, 8: 1 mm.

Figs. 5-8nitiation and development of reproductive organs of Zostera asiatica. 5, 6.Pairs of thecae (t) initiate as oval
outgrowths. Connectives (c) initiate on the adaxial side to connect the thecae. Gynoecia (g) initiate as spherical outgrowths.
7. The thecae (t) flatten out. The gynoecia (g) become cylindrical. 8. The thecae (t) become ellipsoid in shape with a
longitudinal groove. The gynoecia (g) become spherical with cleft. c: connective, g: gynoecium, sp: spathe, sq: squamule, t:
theca. Scale bars: 5, 7= 200 pm, 6, 8=1 mm.

% 9-12 & A7 7 ~ < Zostera caespitosa DAFHET DA, 9. Lt 45 () OFEE N BIAE 5. Ol AIE
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WIZZ 2. 85 () 1FS DITHE L TONAIBIZR Y, PRBHHIA~ZH0E0 5. TV (9) 1T R EL, HEK
W75, 12, B () TR < 2D, HUIHERTE D, MV (g) bIEITMIE L TR (5) 70 b, o bR, g M5
Wy, s AERE, spr AR, sqr BEREANEES, B, vi T, A —b 38—, 9, 11:500 pm, 10, 12: 1 mm.

Figs. 9-1mitiation and development of reproductive organs of Zostera caespitosa. 9. Pairs of thecae (t) initiate as oval
outgrowths. Connectives (c) initiate on the adaxial side to connect the thecae. Gynoecia (g) initiate as spherical outgrowths.
10, 1ihigher magnification of Fig. 10. The connectives (c) grow independently from the thecae to become leaf-like in
shape. The thecae (t) become ellipsoid in shape with a longitudinal groove. The gynoecia (g) become cylindrical with a
hollow. 12. The thecae (t) increase in length. Long styles (s) form at the top of the gynoecia. c: connective, g: gynoecium, s:
style, sp: spathe, sq: squamule, t: theca, v: ovary. Scale bars: 9, 11=500 pm, 10, 12=1 mm.
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Figs. 13-1mitiation and development of reproductive organs of Zostera caulescens. 13.Pairs of thecae (t) initiate as oval
outgrowths. The outgrowths presumed to be retinacules (r) appear occasionally on the abaxial side of the thecae.
Connectives (c) initiate on the adaxial side of the thecae. 14.The pairs of thecae (t) joined by the connectives (c) become
U-shape. 15. The thecae (t) become ellipsoid. The connectives (c) grow in length. 16. A longitudinal groove appears on
the surface of the thecae (t). The connectives (c) become leaf-like. The openings of the gynoecia (g) close. c: connective, g:
gynoecium, r: retinacule, sq: squamule, t: theca. Scale bars: 13=200 pm, 14, 15=1 mm, 16=500 pm.
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% 17-20 R =27~ Zostera japonica O /ESE#E O34, 17, IEFE OB O LIRS FEEABZEE ) A8in, kb
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Figs. 17-2mitiation and development of reproductive organs of Zostera japonica. 17. Retinacules (r) initiate as outgrowths on
the margins of the spadix. Initiation of pairs of the thecae (t) follows the retinacules. 18. The retinacules (r) become
leaf-like. The connectives (c) initiate on the adaxial side of the thecae. 19.The thecae (t) become ellipsoid with a longitudinal
groove on the surface. The connectives (c) become lobed at the margin. 20.The retinacules (r) grow tongue-like to subtend
the thecae. c: connective, g: gynoecium, r: retinacule, s: style, sp: spathe, sq: squamule, t: theca, v: ovary. Scale bars: 17=
200 pm, 18=500 pm, 19, 20=1 mm.

% 21-24 ® =1 7 ~ & Zostera japonica (2331} 2 il B 2% - FlaoJsd. 21 (5 18 KOJLKIX ). HlEftBZEt () &
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S AERE, ¥, vi FH. A —/b 83—, 21:100 pm, 22, 24: 500 pm, 23: 1 mm.

Figs. 21-2Bevelopment of retinacule and connective of Zostera japonica. 21.higher magnification of the Fig. 18. Retinacles
(r) and connectives (c) are almost the same in shape and size. 22.The connectives (c) become leaf-like. 23. The retinacules
(r) grow to be tongue-like. The connectives (c) grow along the axis of the spadix. 24. The retinacule (r) and a part of the
style (s) after the fall of the thecae. c: connective, g: gynoecium, r: retinacule, s: style, t: theca, v: ovary. Scale bars: 21=100 pim,
22, 24=500 pm, 23=1 mm.
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Table 2Developmental order of reproductive organs in Zosteraceae.

species stage 1 stage 2 stage 3 staged reference
Phyllospadix
P. japonicus retinacule thecae, connective gynoecium 3*
P. scouleri retinacule thecae, connective gynoecium 1*
P. torreyi retinacule thecae, connective gynoecium 1*
Heterozostera
H. tasmanica retinacule thecae, connective gynoecium 2*
Zostera

(Zosterella)
Z. japonica retinacule thecae connective gynoecium 4*
Z. muerell retinacule thecae, connective gynoecium 2*

(Zostera)
Z. asiatica thecae connective gynoecium 4*
Z. caespitosa thecae connective gynoecium 4*
Z. caulescens  (retinacule), thecae connective gynoecium 4*
Z. marina thecae, connective gynoecium 2*

1*: Soros-Pottruff and Posluszny, 1994, 2*: Soros-Pottruff and Posluszny, 1995, 3*: k7 , 2010, 4*: this study.
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