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Norio Kikuchi' and Kyosuke Niwa?: Habitat and morphology of the endangered species Porphyra tenera (Bangiales, Rhodophyta) at the
estuary of Tamagawa River in Tokyo Bay. Jpn. J. Phycol. (S6rui) 54: 149-156, November 10, 2006

Small populations of Porphyra sp. were found growing at the estuary of Tamagawa River in Tokyo Bay in February 2004 and 2005. The
Porphyra blades were growing on the basal portion of Phragmites australis stems and on oyster shells at the estuary. In 2004 only three
blades were found at Haneda side while about 50 blades at Kawasaki side, whereas in 2005 about 100 blades were found at Kawasaki
side, suggesting that these natural populations were extremely endangered at this locality. Sample blades were collected for morphological
observations and PCR-RFLP analyses. Two conchocelis strains were established from a sample blade collected at Haneda side and from

that collected at Kawasaki side, respectively. Based on the detailed macro- and microscopic morphological observations carried out using

laboratory-cultured blades from the conchocelis strains, it was concluded that the Porphyra blades grown at the estuary were P. tenera, one

of the endangered species in Japan, even though the appearance of spermatangial sori portions on cultured blades was similar to that of P.
yezoensis. Results of the PCR-RFLP analyses of the chloroplast RuBisCo spacer region and the nuclear ITS region using a blade collected at
Kawasaki side and the two conchocelis strains consistently supported the above conclusion.
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Figs 1-5. Habitats and specimens of Porphyra sp. at the estuary of Tamagawa River in Tokyo Bay. 1. Habitat at Haneda, Tokyo, on
11 February 2004. There were small populations of Phragmites australis (Cav.) Trin. et Steud, and a few Porphyra blades attached
2. Habitat at Kawasaki, Kanagawa Prefecture, on 23 February 2004. There were large populations

on their stems near the base.

of Ph. australis, and Porphyra blades attached on their stems near the base. 3. A Porphyra blade (arrow) attached on Ph. australis

stem at Haneda. 4. Porphyra blades (arrow) attached on Ph. australis stem at Kawasaki.

Kawasaki on 23 February 2004.

PYRB DI S, il 7 ﬁﬁ#/UT%%w%Mﬁ
AWwEEZLGNTD v,/@WéfUéfmwﬂwwm
2 HICEBRNARET 2 & &b, MEHERMETEZTH
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5. Specimens of Porphyra collected at
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HPEDIER A Z V7o, 2000k KD & @i % 13 C,
Z N Z I 10-15°C, SR 10L:14D, Y&t 40 ymol m?
ST DZMTCREEE L CHERAZ A X &, Z DIBIER G
P N CllgE L7z, K54%1213 Grund 285 (Brown ef al.
1977) M, 1B &gl 7,

TYI2Y /0 EF T T ARYE P yezoensis f.
narawaensis Miura & O H 3 25 W68 72, HEHEA DNA B &
OB rDNA % il > 72 PCR-RFLP 43 #f (Niwa er al. 20054,
2005b) #£7 o 7z, 2004 4E 2 H 23 HI G CHR 4 L 7=
L A/NY N »NZJNELft% TCJ ST EEMOK EEBE AT £
k/y—mm&mtxy XL, DNA Ziiili42 £T
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Table 1. Morphological features of blades of Porphyra in this study, P. tenera and P. yezoensis.

151

this study P. tenera* P. yezoensis*
Blades monostromatic monostromatic monostromatic
Margin of blades entire entire entire
Shape of blades linear, lanceolate, ovate round, ovate, elliptic, round, ovate, elliptic,
oblanceolate, linear oblanceolate, large linear
Thickness of vegetative 24-32 ym 14-35 ym 25-52 ym
portion
Shape of vegetative cells round round or rectangular rectangular or quadrate

in sectional view
Chloroplast
Sex type

Spermatangial portion
in surface view

Division formula of
spermatangia

Carpogonia
Trichogynes

Division formula of

single stellate

monoecious

gradational marginal streaks,
micro- or macroscopic patches,
large streak-form patches,
scattered among the carpogonia

max. 64(a/4,b/4,c/4)

round, elliptic
inconspicuous or conspicuous

max. 8(a/2,b/2,c/2)

single stellate
androdioecious, monoecious
marginal streaks,

micro- or macroscopic patches
scattered among the carpogonia

64(a/4,bl4,c/4)

occasionally 128(a/4,b/4,c/8)
round, elliptic, ovate
inconspicuous or conspicuous

4-8(a/2,b/1-2,c/2)

single stellate
monoecious, trioecious

small or large streak-form patches

32-256(a/4,b/2-4,c/4-16)

elliptic, spindle-shaped
conspicuous

4(a/1,b/1,c/4)

zygotosporangia

rarely 16(a/2,b/2,c/4)

4-16(a/2,b/1-2,c/2-4)

* Referred to Ueda (1932), Tanaka (1952), Kurogi (1961), Fukuhara (1968) & Miura (1984, 1994)
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HEEIChEys, 2 DNA Z#i L 7, PCR TH#k{& DNA O
RuBisCo A = — 4 —#Hi & #% rDNA o ITS iz 2 hEh
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Mun 1, ITS $Ei8ic 2> Tl Dra 1 & Hae 111 Tl R E# &L
B#% LT, PCRRFLP #2177, &8, T TICHES
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>/ VBERGBOELEMNZD 5N (Fig. 3), 20042 A
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COHEILOEMSMCTFBLECERTE2AXFORDEICD
BWIREDEE LTz, FEAO 3 > ofEE, HHEER
Bo#REONEIC S MBI EN TR EDATHH
(Fig. 1) oicxtL, NI, BEHTL D2 km B
IHIE T 2 KEIE D LS, S, BN LASHE LTV,
LaL, NBHTEREBEET L 0o, FHEMloa>
B O R EASEDIE 300 m Bigg D 3 > #¥% (Fig. 2) OAT
Hot, 20fs, THRICHFhBOTLIERBLR N,
IMERDOEFADEE X, 10-11°C, #57i% 15-20 psu TH >
#-, 2004 4£2 A 11 Hic iz FEMIT 2 ik, 2004 £2 H 23
H iz i3 )1 B c %9 15 8 £, 2005 42 A 14 B i< 311
THI20 BB OTEREEIREL 72, HEL LEREIEE, RS
10-20 cm, 1&2-9 cm ¢, &Y, AW, WEELTED,
HI i Ee & DB E LT, BIER0RB1- B8
poMuEfRTH-7 (Fig. 5). BMET COREZBELL
Lo o3, RGBT, 1Mk EROERED 1A
b b, FEEBLE T OJE X 1% 27-32 um, FLFICHEHE L% <,
MR TH D, HBFEL EARTRIIERE LIGRELT
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Figs 6-16. Morphology of blades of two Porphyra strains UM-T11 (established from a Porphyra blade collected at Haneda on
11 February 2004) and UM-T14 (established from a Porphyra blade collected at Kawasaki on 23 February 2004) cultured at
10-15°C and 40 gmol m? s'' under 10L:14D photoperiod. 6. Marginal portion of UM-T11, showing microscopic entire margin. 7.
Transverse section of vegetative part (24-32 ym in thick) of UM-T11, showing round cells. 8. Spermatangial portion in surface
view of UM-T11, showing spermatangia composed of 16 spermatia (a/4,b/4) in maximum. 9. Spermatangial portion in sectional
view of UM-T11, showing spermatangia composed of 4 layers (c¢/4) in maximum. 10. Zygotosporangial portion in surface view
of UM-T11. Arrows indicate zygotosporangia composed of 4 zygotospores (a/2,b/2) in maximum. [1. Zygotosporangial portion
in sectional view of UM-T11, showing zygotosporangia composed of 2 layers (¢/2) in maximum. 12-16. Carpogonial portion in
sectional view at various ages in culture. Arrows indicate spermatia attached to the surface of blades. 12. Round carpogonium of
UM-T11 after 10 weeks, having no trichogyne. 13. Elliptic carpogonia of UM-T11 after 12 weeks, showing short obtuse trichogyne
(t). 14. Round or elliptic carpogonia of UM-T14 after 12 weeks, having no trichogyne. 15. Elliptic carpogonia of UM-T 14 after 12
weeks, having no trichogyne. 16. Elliptic carpogonia of UM-T 14 after 13 weeks, showing short acuminate trichogyne (t).

Wiz, MEEEA R O 9 EE o n T, 2 R0 2T, WHE e BRAEEIR AR D T HEBIE % 47>, Table 1 (2R T H59L %
H5 7 26T 64(a/d,bldcld), Bl 73T 8(a/2,b/2,c/2) 73§ fF7z, FERMAE, 1EMIET, REMITS OJE X 1% 24-32
Hoh, um, SREMEEHEcHIEEZ LTk D, 1l AR
DIERRED 1D o 72 (Fig. 7)., #8381 #8132 20 -
EEZERAEDRRE 7z (Fig. 6), WMEMEFRPRT, K513k T 64 i ok 112

AR UM-TIL 8 L OV UM-T14 2 20240 25°C, o2 L, 5##EAE 64(a/d,bl/4,c/4) T d’o ek (Flgs 8,9).

JEE 40 pmol m? s, JGI 10L:14D Ficifiv7z & 2 A5 o iﬁ?i& IR T 8 DA NS T % L VAE LS S WS
farEPERS N, Zhz 15°C R 40 ymol m? s, Ot 8(a/2,b/2,c/2) TH -7 (Figs 10, 11), F1-3E, Hol13E
JAII10L:14D Ticf L Gl L2 & 25, LEBMA &S IRROZEBUC L 2 DTS, KT &fl%é‘ﬂrﬂ-f* FfikH
LB DB T DD & *Lf:o ez 7 LEedRIC SN, AT TR, RRODREDENSBT S bDbIE
WNESE, FRMATTHELLLEIS, FlaFEBUEL &2 ®ICRE L ORIRERICEE L 7,

SEEL, 92 7 HCH—SERA LI MM Sl o K A e & b n sl (Figs 12-16) 1%, HERKMIIBIT
W) BT, K38 L AN EERE LICREL T, FIBA W LIEMIIETH > 7o SRR O MEHE IO 2> & rpil]
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Figs 17-25. Blades of two Porphyra strains UM-T11 and UM-T14 cultured at 10-15°C and 40 gmol m= s under 10L:14D
photoperiod. 17-21. Spermatangial sori in surface view at various ages in culture. 17. UM-TI11 after 10 weeks, showing marginal
streaks and microscopic patches. 18. UM-T14 after 9 weeks, showing gradational marginal streaks and micro- and macroscopic
patches. 19. Upper portion of a blade of UM-T14 after 9 weeks, showing microscopic patches. 20. UM-T14 after 10 weeks,
showing marginal streaks and micro- and macroscopic patches. 21. UM-T14 after 12 weeks, showing large streak-form patches.
22-25. Mature blades at various ages in culture. 22. UM-T11 after 10 weeks, having marginal streaks and microscopic patches
of spermatangial sori. 23. UM-T11 after 12 weeks, having marginal streaks and microscopic patches of spermatangial sori. 24.
UM-T14 after 9 weeks, having gradational marginal streaks and micro- and macroscopic patches of spermatangial sori. 25.
UM-T14 after 12 weeks, having large streak-form patches of spermatangial sori. Scale bar: 2 mm in Figs 17, 18, 20, 21: 1 mm in

Fig. 19.

T, ERBICEZBEELBR A wb 0h% { (Figs
12, 14, 15), 20, $BEOZEELHON L LHIck->
7= (Fig. 13, 1), UM-T14 TRRERADMED &, BIFOZHE
ZHio B RBBO A s (Fig. 16, 1), WERELTD
REMICIE, ZEEAR LN THRSNE L THRTNE
L, @RBLOMICZEE L EDLNIRD L) BN RE LN
- (Figs 12, 14, 15),

W F2E5EI,  SEIRAE O MERER AR 2> & TP 201 T,
ORI > TR M IR (TR & 1 (Figs 17, 18,
20), Z QRO I D WA ET DK FHERE L
w6t (Figs 18-20), FERMFMAKWICIX, A¥E/
U DFFBIT 7 K Z O THER OFRIR O T30S B - 72
(Fig. 21). UM-T11 & UM-T14 OHEIRA D RS 1-FE5E % o
T2E, UM-TI4 DL DD HBFIROKE LMV L TE
Tw (Fig. 21),

IRAAEERMAIZ, EX 1lem, H1.3 cmic#EL, Z04HE

FHE, LI SOIET, MEHEDRREADSHES: & EHED &
I e b, B MIED & DI & % > 7 (Figs 22-25),
B E, EMICPPRKEND» oz, FEPeRkEsro
B Thh, MEHRMEVRVEREZET S L3 Lo
7&s

PCR-RFLP ##fric K2 DN AZE

k(A DNA @ RuBisCo A R —# —fiil & X % rDNA
o ITS filsk % A v> 72 PCR-RFLP 23 #t D5 9L, ) EESER
O RIKIRIFREAR T CRES N T I 7 4/ ) DR
BHGT-1 Db D ELET—HL, 777 AYE /Y OMiRHK
HG-4 Db D L3> T (Fig. 26). 5ikfk UM-T11
CRHPELER A HE) & RRME UM-T14 (1REPESSR A HK)
OBELRKIBIZTFNL 2T T 79 /2 Y R E HGT-1 D
bot—3 L7 (Fig.27).
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Fig. 26. PCR-RFLP profiles of RuBisCo spacer regions
(A) and ITS regions (B) from a Porphyra blade collected at
Kawasaki on 23 February 2004, and from conchocelis of P.
tenera HGT-1 and P. yezoensis f. narawaensis HG-4. (A)
Profiles digested by Bsp1286 I (Lanes al-3) and Mun I (Lanes
bl-3). (B) Profiles digested by Dra I (Lanes al-3) and Hae
IIT (Lanes b1-3). Lanes al and bl, P. yezoensis f. narawaensis
HG-4; Lanes a2 and b2, P. tenera HGT-1; Lanes a3 and
b3, Porphyra blade collected at Kawasaki. M shows the
molecular weight marker.
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Pitkiasze <, MEEERIMRTH 2 2 &, HED
WIEHIETH B 2 &, SEAEHIIEE S o )
S, MTEBLIOCEARTEO AL S pic &
L (Table 1), F7:, REEICEHOTHERAEKL 5 }JfLJ’J"O)/fS('I'
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Fig. 27. PCR-RFLP profiles of RuBisCo spacer regions (A)
and ITS regions (B) from conchocelis of two Porphyra strains
UM-TI1 and UM-T14. (A) Profiles digested by Bsp1286 I
(Lanes al-2) and Mun I (Lanes bl-2). (B) Profiles digested
by Dra 1 (Lanes al-2) and Hae 111 (Lanes b1-2). Lanes al
and bl, UM-T11; Lanes a2 and b2, UM-T14. M shows the
molecular weight marker.

VIBSR L LT, ABE T Y ) FREAYE Y
ThH B RS Z 617z, 2 2 CAMDIZIEM IR % =
NETHESNTELTY 29 /) LAY E ) OBIELER
(i 1932, Tanaka 1952, B 1961, #ii 1968, Miura
1984, =iifi 1994) &Mz L 7= (Table 1), ZDOfEH, A
DREEMMNLEL 5> DIE X 93 24-32 pm, MBS 25 0F 2 S840
NADTCARDSFE, #EREDTPED L < R, 'i"’f'n‘fEi)-
Wohzmwigh LR £ UCBIEOZR BB R o N2 Ba L
oI E, WTHONUERIRAT 64(d/4 b/4 C/4)

REN T3 D ML DR KT 8(a/2,b/2,¢/2) T & 73'
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E, AVE VORBE BT L OB L 2wds, 7474
Y ORHMEZE TR &L,

L2L, KEOBTFEROBRIZ, 79274/ VIcBET3
INEFTOMELEL > T, BFEHOFBRICOWVLT,
=W (1994) BEREIGERERTBT7H 292 YTz 2z
DREIDVBAFOTHZDIIRLTAHE Y CltfioTw
LEBNTWB, 7, BA (1961) &, 74274/ )Tk
BTERIMRVOHE2ER T2 00, AETEMINSD
DTREETHL, RIS E O TR
FELTRICRARICR D, 249E 2 Y ClIEBORIcETIC
HLTRDICHDIIMICELTLE LTHEL, $HETFE
HBMCESAEL TRARICEZ LD H D EREL, &
J& (1968) &, 7Y 7%/ U TI3MEMBEIZ/X HRARE
2L, »20EENSEORIFIEREINBZ EL, AYE/
YTIREMBIIRELGEREZLEL TR EHEL T3, K
PHECEBE L - ERETid, MERAIEICIE, KEL PR
WAEICEOHELH2  KE ZRARICOREROBAR S
N, BAMELICREVLKE BICROEROBEDTER & s
(Figs 17-21), DX ) B RELMEOHROBETHEIMIZZ
NETTH IV TRBEINTEST, RYE/ VDY
DERLPTV A,

RESICROTROBFEHITER I NI EZFHEL B
BLELLIS, BTEBIVEAHRTED cHROTHEK
3, K<BALLETORATHETE T4 ET, BolRT
ETIZ2FTTHY (Figs 9, 11), %< o (FEH 1932,
Tanaka 1952, &/ 1968, Miura 1984, =i 1994) THs
TFED cTRBULS, BEARTEOZNIAICEZLINT
WBERHE Y EIRREoTWE, kE, BA (1961) i3,
TH 7Y ) ORREFEOBE T, EFRYICIE, ZhEn
L4z BROoNBZL2EBL, =1 (1994) 13,
AHE ) DEARTED c FHEITBOT4ICHHT BHIC
2, ZooEEBERECHLTHAL, 7HI7H YTk
BEALEZVEBRRTVS, LL, AHETIZcORTLIC
DAL -BESEFEIBEEINED DT, ZORIIDWL
TRERTCEL P71, $7-, EREMEBA CERROTE
ZR3E, ZOKESIE, AFE/VORHMEEINBELL
HMEVHEY CZEEREREIABTEHRL VS (ZH
1994) Z & Liz—FEd, MESTRBEAELZVLLHETSH
D, S RBEEFOZEENHZ LD, Vb ods
Hot (Figs 12-16), BAR (1961) =i (1994) O 7+
797 ) OBETCHLAKDOERENBEIN TV, REE
DHHTEHE L T 2ERSE (Fig. 16) 13, gAML e
(AFRonT, L, ALEGOHORMEZ RS LM
HTRBENZVLOZBFESHE TOPEH L T 2 ERE
BRoN, UEDEH I, BFEMOBRUNDIEENRE
DIFEALR, KEBTHIH /I THBEILEERL T,

PHIY I VERAFE ) VO—RETHB T 7 T7AYE
7V, WERICIZEML TV 300, HEiFiEDNAOD
RuBisCo 2 R — % —fHIR & & '#% rDNA o ITS #Hik % A

W72 PCR-RFLP o #fic & > THHREICX Gl E 1 3 = L p38H

5 NTVv % (Niwa et al. 20053, 2005b), % = T,
DNA ifric X 2 @Bl 2 3472 & 25, AEOBRIKEIE
i¥, RuBisCo R R—4 —fHI%E & O rIDNA o ITS fEif & b
2, BRARMTH CRESI N T7H 79 2 VY OMi%E Kk HGT-1
(Niwa et al. 2005a) £ —LTEBY, +I97RAHE VD
AR HG4 L 13 ®E7% > Twi (Fig. 27), #-> T, DNA
DIORER» 51X, BB T7H 79/ ) TH 5 L EREICH
TE, MED k)T, AEIZ, BFEROBREERYE
VI ENR N b DD, ZDMD% { DIEIIR
% DNA i 5, IS 7279/ VTH 5 LK TE 3,

ARRTBEINLZTY 7/ ) OBTFERORIE, =
NETEHSDW|ETTHI7H /7 VERAYE Y ETEOIDH
ZLINTELFEICH, BERICL-o T X B FE%
FOoBa»H B L2RL TS, —F, KBFETIE, %[
DEEPRKA LB 2 FEMICTHARTAB L, ZDMOTED
BEALRTH 7Y ) ORBERL TV, #2T, 74
7/ VERYE ) RMER»OHAET HAICE, H3
TE DR DA TREICHM¢ I, MMM X
NIk xR EET, R EL Table 1 ISR L7
WEZSBOEGEL | BEOSEOETAIC OV TERET S L
LI, EEGAR EOEBNREDL &0 TRAICHE§
LILEMBRETHEEEZONS,

TH I ) OEREIGHEHERE E 7 I IHERKTH B L
Ehd (BAK 1961, B 1968, =i 1994), Lo L, XHf
AT, RARBGE L UOEEEFICHEERKROKEIED N
T, @THHERKTH -7, iz, BEARMHEHGT-1
MO EBER L —3T 2 (Niwa ef al. 2005a), HitEEHKED
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