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The species composition組 dvertical distribution of diatoms occurring on mangrove roots within白em-
tertidal zone were studied in mangrove forests at Iriomote Island， Okinawa Prefecture. Among 116 taxa of 
diatoms belonging to 26 genera found there， the main dominant and subdominant species were Achnanthes 
brevipes var. intermedia， Amphora luciae， A. tenerri問"Denticula subtilis， Navicula c，印刷ta，N.gu印刷is，N. Pωilla， 
Nitzschia .frustulum， N. hemistriata and Rhopalodia sp. The vertical distribution of dominant diatoms on 
mangrove roots were shown as follows: N. contenta and D. subtilis on the uppermost paロofthe intertidal zone， 
N. guluensis， N. hemistriata and Rhopalodia sp. on the middle part， and A. brev争目var.intermedia， A. luciae， A. 
tenem・maand N. pusilla on the lower paロ Comparisonswith previous studies indicate that the species 
compositions of epiphytic and benthic diatoms on mangroves in this study are very similar to those of any 
o出ermangrove. 

Key lndex陥 rds: diato即ーlriomotelsland-mangrove-species composition-vertical distribution. 

Mangrove forests develop well but not ex-

tensively along the rivers and their mouths 

located in the Ryukyu and Satunan 1slands， 
J apan. Mangrove forests serve as unique 

and specific habitats for benthic macro-and 

microalgae， which are exposed to water of 
varying salinity and/or desiccation， but are 
offered suitable substrata and interception of 

intensive sunshine by t heir stilt roots and 

canopies. 1n these habitats， benthic and 

epiphytic algae were usually much diverse 

and also abundant. Diatoms are one of the 

dominant members among them (RICARD 

and DELESALLE 1979). However， there are 
few taxonomic or floristic studies of diatoms 

associated with these J apanese mangrove 

forests. Almost all studies of diatoms in 

other mangrove regions have been confined to 

the large mangrove lagoons in the tropics 

such as in Puerto Rico (HAGELSTEIN 1938)， in 

This work was supported in part by a Grant-in-Aid for 
Scientific Research (No. 5634033) from the Ministry of 
Education， Science and Culture， japan. 

Louisiana (MAPELS 1983)， in Florida 

(NAVARRO 1982)， in Venezuela (REYES-VAS-
QUEZ 1975)， in Guadeloupe (RICARD and 

DELESALLE 1979)， in Bahamas (SULLlVAN 

1981)， in Singapore and southern Malaysia 
(WAH and WEE 1988) and in the temperate 

regions ofthe southern hemisphere， such as in 
Australia (FoGED 1979). 

The taxonomical and ecological researches 

for the macroalgae associated with J apanese 
mangrove forests have been carried out by 

TANAKA and CHIHARA (1984a， 1984b， 1985， 

1987) and TANAKA (1987). They have shown 

that macroalgae are abundant on mangrove 

roots and have distinct zonate distributions in 

the intertidal zone. 

We have undertaken a survey of diatom 

species composition and analyzed their ver-

tical distribution in mangrove forests at 

1riomote 1sland. This study represents the 

first report on J apanese mangrove diatoms， 
and should be valuable as a distributional 

record for more comprehensive work with this 

complex and diverse flora. 
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Study sites and methods 

In Iriomote Island of the Yaeyama Ar 

chipelago， Okinawa Prefectur巴， som巴 small

mangrove forests have developed in estuaries 

of the rivers， but they are the largest in 

J apan. They are dominated by Rhizophora-

cean trees， including the species of such 

genera as Rhizophora， Kandelia and Bruguiera 
Their stilt or kn巴eroots and pneumatophores 

offer suitable substrata for benthic diatoms 

Our main study sites were along the Shiira-

gawa (Shiira River) in Iriomote Island (Fig 

1). Eleven points of intervals of 200 m from 

the river mouth were previously set up by 

other RyuJ 

lり). The tide exerts its i山nfluenc巴 tωothe uppe訂r 

stream region of t出h巴 r吋lV巴r崎，about 2 km from 

the river mouth. In this region， the exchange 
of seawater with freshwater and their tur-

bulence occur regularly twice a day 

throughou t the year， and tidal range is 1. 0-

1.5 m near the river mouth. The mean high 

water (M.H.W.) reaches to the uppermost 

Fig. 1. Map of the study sites， showing the 
sampling points (1-11) inclicated by arrow heacls 
along the Shiira River 

part of the stilt roots or higher. The lower-

most part of the stilt roots is submerg巴deven 

atm巴anlow water (M.L.W.) (Fig. 2)ー Salini-

ty of water at the study sites varied from fresh 

(0%) to marine (3%) depending on tide and 

freshwater curr巴nt. However， a gradual 

variation of salinity was always recognizable 

at each study site. 

Samples of the roots of mangrove trees and 

surface soils in th巴 forestor river beds were 

taken from every study site on Apr. 21， 

1982. For investigating the vertical distribu 

tion of benthic diatoms， some root samples 

from each point wer巴 sectionedto provide 

10 Clll segments. Diatoms on the segments 

were colJected by toothbrush. AIJ samples 

were cleaned by conventional methods 

(KOBAYASI and NAGUMO 1985). Samples 

were observed with both light and electron 

microscopes to ident均 th巴 diatom species. 

The species composition and relative quan-

tities of diatoms at each site wer巴 recordedby 

counting and identifying thre巴 hundred

valves randomly selected from slides. 

Results 

A total of 116 taxa including forma and 

varieties， in 26 genera， of epiphytic and ben-

thic diatoms from all points are alph旦betically

listed in Table 1. The dominant four genera， 
in terms of number of taxa encountered， w巴re

Navzcula (26)， Nitzschia (18)， Anψhora (11) and 

Achnanthes (10). Representatives of巴piphytic

Fig. 2. A photograph orthe Shi日aRiver near 
po山 8showi咋 amangrove stilt root (arrows) from 
which c1iatoms were collected at low tide 
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Table 1. List of diatom taxa found in the mangrove forest a10ng the Shiira River. 

Achnanthes amoena HUST. 

brevipes AG. var. brevipes 

陶酔'Svar. intermedlぬ(KUTZ.)CL. 

ct.ぬ'eiGRUN. 

delicaωla(K邑TZ.)GRUN. 

javanica GRUN. 
ku即aite町 isHENDEY 

lanceolata (B阻.)GRUN. 

longipes AG. 

man伽 BRUN.

oblongella OSTR. 

Amphora ang凶 taG阻 G.v釘 .angusta 

alぜ山tavar. ventTICosa (GREG.) CL. 
apon仇aKUTZ. 

抑制I:olaGRUN. var. oculata CL. 

holsatica HUST. 
luciae CHOLN. 

porita KRASSKE 
tenerrima AL. et HUST. 
turgidJJ GREG. 

veneta KUTZ. 

1 sp. 
Auricula machutchoniae GIFFEN 
BacillarぉparadJJxaGMEL. 

Biddu争'hitJaurita (LYNGB.) BREB・etGODY. 

Caloneis elongata (GRUN.) BOYER 
excentrica (GRUN.) BOYER 
liber (W. SM.) v釘 .umbilicata (GRUN.) CL. 

sam問問is(GRUN.) CL. 
Cam良，lodiscusd抑制 BREB.
fastuosa EHR. 

Cocco咽eisbrevicostata H UST. 

dirupta GREG. 
placentula EHR. var. J抑制dJJlineataGEITL. 

scutellum EHR. 
Denti，叩 la抑制lisGRUN. 

D~仲間sbom伽 EHR.

gravelleana HAGELST 
litoralis (DONK.) CL. 

ts四dovalisHUST. 
reichardtii (GRUN.) HEIDEN 
smithii (BREB.) CL 

Entomoneis alata (EHR.) EHR. 
taludosa (W. SM・)REIM. var. paludosa 
paludosa var. subsalina CL. 

Gomphonema clavatum EHR. 

tseudJJaugur L・-BERTALOT

tarvulum (KUTZ.) KUTZ. 

匂"，OSJ訴mゆenceri(GRUN.) CL. 
Mastoglo白a昭ulataLEWIS 

elliptica (AG.) CL. var. dJJnsei (THWAIT.) CL. 

macdonaldii G阻 Y.

pumila (CL. et MOLL.) CL. 

tusilla GRUN. 

varians HUST. 
Melosira nummuloides (DILLW.) AG. 

Navicula acψhala HERIB. 

cincta (EHR.) var. lettoc，ψhala (K白TZ.)GRUN. 

contenta GRUN. 
de，即応 OSTR.

dなitoraditJta(GREG.) RALFS 

dissitata HUST. 

gregaria DONK. 
gulue叩 isGIFFEN 

hast，句formisCHO凶.

indicatrix VANLAND. 

infaceta CHOLN. 
inserata HUST. var. inserata 
inserata var.間 dulataHUST. 

maculosa DONK. 
mannii HAGELST. 

mollis (W. SM・)CL. 

paenil田 ulaeCHOLN. 

pla伊州市 MEIST.
tunctigera HUST. 

tusilla W. SM. 

salinarum GRUN. 
schroeteri MEIST. v釘 escambiaPATR. 

subvalidJJ CHOLN. 

4 spp. 

Nitzschia aerψhila HUST. 
debilis (A剛 0π)GRUN. 

dissitata (KUTZ.) GRUN. 
fussiformis PANTOC . 

.frustulum (KUTZ.) GRUN. 
granulata GRUN. 
hemistriata HAGELST. 

lorenziana GRUN. 
novaehollandi四 (GRUN.)GRUN. 

obt脚 W.SM.V訂 .sca伊'iliformisGRUN. 

μ加 (KUTZ.)W. SM. 
μndurするrmisGREG. var. pωtulata VOIGT 

ponciensis HAGELST. 
tseudohungarica HUST. 
trybrionella HANTZ・V紅・山ictori・:ae(GRUN.) GRUN. 

3 spp. 
opψ，hora pacifica (GRUN.) PETIT 

Pinnularia allansonii CHOLN. 
間四坤ta(EHR.) W. SM・

subcatitata G昭 :G.

Pleurosi加盟salinarumGRUN. 

RhopaloditJ gibberula (EHR.) MULL. 

operculata (AG.) HAKANS. 

1 sp. 
Stauroneis pachycψhala CL. 
Surirella armoricana PERAG. 
ovata KUTZ. 

・Synedratabulata (AG.) KUTZ. var. tabulata 
tabulata v釘 .pa叩a(KUTZ.) HUST. 

Thala'Ssiosira lacustris (GRUN.) HASLE 
Trachyneis岬 era(EHR.) EHR. 

335 
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Plate 1. Figs. 1-5. Navic山 contcl.山;1-3， Light microscopy (LM). 4， TEM. 5， SEM. Figs. 6-1 J. N. guluen-
sis; 6-8， LM. 9， TEM. 10 & Jl， SEM. Figs. J2-19. Denticllla subtilis; 12-16， LM. 13 & 15， Girdle view ofrhe 
frllstllle. 17， TEM. J8 & J9， SEM. Figs. 20-24. NilzschiaJn川 lll1l1n;20-23， LM. 24， SEM. LM= X 2，000 
sars=5μm for SEM and TEM photos 
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Plate 2. Figs. 25-28. RIIO戸alodiasp.; 25-27， LM. 27， Girdle view of the frustule. 28， SEM. Figs.29-31 
Achnanthes brevi戸町 var.intennedia; LM. Figs. 32， 33. Amthora luciae; LM. 32， Girdle view oflhe frustule. Figs.34， 
35. Navicula戸usilla;LM. Figs. 36， 37. Amthora tenerrima; LM. 37， Girdle view of the frustule. LM = X 2，000 
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taxa on roots are as follows: Achnanthes 

brevψes AG. var. intermedia (KUTZ.) CL. 

(1895， p. 193) (Pl. 2. Figs. 29-31)， Amphora 

luciae CHOLN. (1960， p. 23，1 58-61) (Pl. 2， 
Figs. 32， 33)， A. tenerrima ALEEM et HUST. 

(1951， p. 16，1 3.) (Pl. 2， Figs. 36，37)， Den-

tiCl山 subtilisGRUN. (1862， p. 547，〆.12，136) 
cf. KRAMMER & L.-BERTALOT (1988， p. 140， 
141， pl. 96，1 1-9) (Pl. 1， Figs. 12-19)， 
Navic仰 contentaGRUN. (iπV. H. 1884， P 

109) cf. KRAMMER & L.-BERTALOT (1986， P 

219，pl. 75，1 1-5)(P1.1，Figs.1-5)，N.guluen-

sis GIFFEN (1963， p. 238，1 70) (Pl. 1， Figs. 6-
11)， N. pusilla W. SM. (1853， p. 52， pl. 1えi
115) (Pl. 2， Figs. 34， 35)， Nitzschia hem凶 rzata

HAGELST. (1938， p. 396，〆• 8，1 1) (Pl. 3， Figs. 
38-40)， N. frustulum (K心TZ.)GRUN. (in CL. et 
GRUN. 1880， p. 98) cf. KRAMMER & L.-BER-

TALOT (1988， P目 94，95.ρl.68)1 1-19) (Pl. 1， 
Figs. 20-24)， Rhopalodia sp. (Pl 2， Figs. 25-

28). 

Common species appeared in every study 

site are represented in Pl. 3， Figs. 42-57. 

Almost all mangrove-associated diatoms in-

c1uding common species listed in Table 1 are 

regarded as brackish water or marine 

diatoms 

Aerobic species，爪 contentaand D. subtilis， 
appeared dominantly or subdominantly at the 

upper portions of all study sites (Points 1-11). 

In the lower stream regions of the river 

(Points 5-9)， brackish species，爪 guluensis)N. 

hemistriata and Rhopalodia sp.， were dominant 

or subdominant at the upper to middle parts 

of the intertidal zone. 

At the mouth and outlet ofthe river (Points 

10， 11)， the following marine species were 

dominant or subdominant at the lower to mid-

dle parts ofthe intertidal zone: A. brevψes var. 

intermedia) A. luciae) A. tenerrima， and N. 

pusilla. 

Dominant or subdominant diatoms in the 

intertidal zones of all the examined sites 
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ditribu ted in c1ear zonation. These vertical 

distribution pattern of diatom species attach-

ed to mangrov巴 roots are summarized in 

Table 2; at the 'upper stream region of the 

mangrove (P-2)， at the middle stream region 

(P-5)， and at the lower stream region (P-8) 

Discussion 

The epiphytic and benthic diatom flora in 

the mangroves were more divers巴 than in 

estuaries without mangrove forests in the 

main island of ]apan as shown in Table 3 

(GOTOH 1978， 1979， 1986， MAYAMA and 
KOBAYASI 1982) 

The vertical distribution of dominant and 

subdominant diatoms on mangrove roots 

showed a c1ear zonation (Fig. 3)， similar to 

mangrove-associated macroalgae， as mention-

ed below (TANAKA and CHIHARA 1987). Of 

the dominant species occupying the upper 

part of intertidal zone， N. contenta GRUN. is a 

representative of the aerobic diatoms 

(HUSTEDT 1959). A. brevψes AG. var. in-

termedia (KUTZ.) CL.， N. hemistriata 

HAGELST. and Rhopalodia sp.， which are domi-

nant in the middle or lower part of intertidal 
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Fig. 3. Vertical distribution pattern of the 
dominant and subdominant diatoms on mangrove 
stilt roots at all sampling points. M.H.W.， mean 
high water; M.L.vV.， mean low water 

Plate 3. Figs. 38-41. Nitzschia hcmistriata; 38-40， LM. 39， Girdle view of the frustule. 41， SEM. Fig.42 
Caloneis liber var. umbilicata; LM. Fig. 43. N，仰 iculatlatyuentris; LM. Fig. 44. Nμ7lctigcra; LM. Fig. 45. Ditloneis 
grauelleana; LM. Fig. 46. D. tseudoualis; LM. Fig. 47. Nauicula inserata var. undulata; LM. Figs. 48，49. Achnan-
thes amoena; LM. 48， Raphe valve. 49， Rapheless valve. Figs. 50， 51. Mastogloia tusilla; LM. Fig. 52. Nitzschia tan-
duriformis var. tustulata; LM. Fig. 53. N granulata， LM. Figs. 54， 55. N.戸onciensis;LM. Figs. 56，57. N debilis; 
LM. LM= X 2，000 
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Table 2. VerticaI distribution of dominant and subdominant diatoms on mangrove stilt roots at the Shiira 
River. P-2， point 2; P・5，point 5; and P-8， point 8. 
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Relative tide Dominant 
level (cm) species 
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D. subtilis 

Denticula subtilis Navicula contenta 

N. contenta 

D. subtilis 

D. subtilis 

D. subtilis 

N. contenta 

N. contenta 

N. contenta 

Nitzschia frustulum Denticula subtilis 

D. subtilis N. frustulum 

D. subtilis 

D. subtilis 

N. gulue町 IS

D. subtilis 

Navicula guluensis 

P-5 

Nitzschia he隅 istriata

Relative tide Dominant 
level (cm) species 

Subdominant 
specles 

-10 

20 

30 

-40 

-50 

-60 

-70 

-80 

-90 

100 

。

D. subtilis 

Denticula subtilis Navicula contenta 

D. subtilis 

N. cont開 ta

N. contenta 

Nitzschia hemistriata D. subtilis 

N. hemistriata 

N. hemistriata 

N. hemistriata 

Navicula guluensis 

N. guluensis 

N. guluensis 
N.p山 ila

N. pusila 

Navicula guluensis Nitzschia hemistriata 
Navicula pusila 

Achnanthes b阿viPes N. pusila 
var. inter明 edia

N. hemistriata 
Navicula gregaria 

zones， are commonly found as epiphytic or 
benthic species in marine waters. N 

hemistriata， which was originally recorded 

P-8 

Relative tide Dominant Subdominant 
level (cm) specles specles 

。
Navicula contenta Denticula subtilis 

-10 
D. subtilis NNa.uhicemuh i[stgnu.altMa nsis 

-20 
D. subtilis FNt .ghzumluimEtFsiias ta 

-30 
D. subtilis N. hemistriata 

-40 
N. hemistriata Rhopalodia sp. 

-50 
N. hemistri仰 Rhopalodia sp. 

-60 
Rhopalodia sp. D. subtilis 

Achvmarn.thines t昨bmneud争iags 

-70 
Rhopalodia sp. 

A. b間砂zn町termedia var. 
-80 

Rhopalodia sp. 
A.bmJtpinets emedia var. 

-90 
AmPhora luciae 

A. br，四zbinetsermedia var. 

-100 
Navicula p即 ila

A. tenemma N.p山 ila

from the sample collected from mangrove 

swamps in Martin Pena， Puerto Rico by 
HAGELSTEIN (1938)， is also present. D. subtilis 

GRUN. is widely distributed in brackish en-

vironments such as estuaries and salt mar-

shes， and is often associated with Rhizoclonium 
(GRUNOW 1862) or Bostヮchia(GIFFEN 1970) 
which are common brackish macroalgae. 

These results show that some benthic diatoms 

from marine or brackish water are well 

adapted to the mangrove forest habitats ex-

posed to waters with various salinities， and 
have their own niche or ecological status in 

the mangrove forest with close relation to 

other benthic macroalgae. 

There is a limited work for diatom flora and 

its vertical distribution in brackish waters in 

the temperate and subtropical regions of 

J apan. Floristic studies of diatoms in 
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Table 3. A comparison of the number of taxa occurring in the mangrove forest and 
estuaries without mangrove forests in j apan 

Locality Numberof Reference diatom taxa 

Shiira-gawa， Mangrove， 116 

Okinawa Pref. 

Aono-gawa， Estuary， 108 

Shizuoka Pref. 

Kumano-gawa， Estuary， 

Wakayama Pref. 

Yodo・gawa，Estuary， 

Osaka Pref. 

Yodo・gawa，Estuary， 

Osaka Pref. 

mangrove forests are also limited even in all 

over the world (FOGED 1979， HAGELSTEIN 
1938， NAVARRO 1982， RICARD and DELESALLE 
1979， WAH and WEE 1988). Community 

structure studies of mangrove diatoms have 

been confi.ned to the USA (MAPLES 1983， 
SULLIVAN 1981). The dominant genera， 
Achnanthes， Denticula， Navicula， Nitzschia and 

Rhopalodia， found in this study are the same 
as reported by MAPLES (1983) as ephiphytes 
on pneumatophores of the black mangrove， 
Avicenia germicans， in a Louisiana salt marsh. 

In comparison to the epiphytic diatom flora 

associated with mangrove roots from Indian 

River by NAVARRO (1982)， the dominant or 
subdominant species composition at Iriomote 
resembles to that of Indian River. These 

representative taxa found in the J apanese 
mangroves seem to be widely distributed in 

any tropical areas where mangrove forests are 

well developed. 

According to T ANA臥 andCHIHARA (1987)， 
the distribution of macroalgae on stilt roots 

and knee roots of mangrove trees in lower 

stream regions were divided into four main 

vertical zones; the Rhizoclonium zone， 
Bostヮchiazone， Caloglossa zone， and Catenella 
zone. The vertical distribution pattern of 

macroalgae was not so clearly defi.ned at the 
upper stream regions ofthe river， because the 
intertidal zone is too narrow for macroalgae 

of marine， brackish and fresh waters to be 
well separated. However， the dominant and 

75 

86 

49 

Present paper 

MAYAMA & KOBAYASI (1982) 

GOTOH (1986) 

GOTOH (1978) 

GOTOH (1979) 

subdominant diatoms showed clear zonation 

even in narrow spaces of the upper stream 

regions. Such typical zonation patterns of 

macroalgae in the lower stream regions fi.t 

well with those of diatoms as shown in Fig. 3. 

The upper zone of N. contenta and D. subtilis 
generally corresponds to Rhizoclonium or 

Bostワchiazone， the middle zone of N. guluen-
sis， N. hemistriata and Rhopalodia sp. to 

Caloglossa zone， and the lower zone of Achnan-
thes and others to Catenella zone. D. subtilis is 

well known to inhabit brackish water en-

vironments and to coexist with Rhizoclonium 
(GRUNOW 1862) or Bostヮchia(GIFFEN 1970). 

The vertical distribution of diatoms in the 

J apanese mangroves appe町 sto be influenced 

by water movement， salinity and desicca-

tion. The regular tide may be the main factor 

for the formation of vertical zonation of 

diatoms. 
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南雲保*・原慶明**本邦マンゲロープ林に生育するケイソウ類の種類組成と鉛直分布

沖縄県西表島の後良川マングロープ林内の上流から河口までの 200m毎に定めた11地点からマングロープの

柱状根および周囲の表土を採取し，マングロープ林に生育するケイソウ類の種類組成と鉛直分布を調べた。その

結果， 26属に所属する116分類群の生育を確認した。また，全観察試料中，主要な優占および亜優占種は，

Achnanthes bTel伊sv釘 .in的問dia，Amphora luciae， A. t四errima，Denticula subtilis， Navicula contenta， N. gu/'醐 sis，N.仰 illa，

Nitzsch白frustulum，N. hemistriata and Rhopalodia sp.であった。また，それらは各調査地点で共通して，上部では N.

contentaとD.subtilis，中央部では N.guluensis， N. hemistriataとRhopalodiasp.，下部ではA.brevipes v町 .intermedia， A. 

luciae， A. tenerrimaとN.pusillaが明瞭な帯状分布することを確認した。出現した種類の大半は，汽水あるいは海産

の種類であり，マングロープ林の特異な塩分環境に良く適応している種組成と分布を示すと思われる。 (*102千

代田区富士見1-9-20 日本歯科大学生物学教室，糾305茨城県つくば市天王台1-1-1 筑波大学生物科学系)






