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Daisuke Fujita', Shogo Arai’, Noboru Murase® and Yukimasa Higashide*: Vertical distribution and zonation of marine algae on the exposed
and sheltered coasts at Hegura Island in Sea of Japan. Jpn. J. Phycol. (Sorui) 54: 165-171

Vertical distribution and zonation of marine algae were studied for the first time on exposed and sheltered rocky coasts in a small island,
Hegura (N37°51' E137°55', 0.55 km? in area), located off 48 km north of Noto Peninsula, Sea of Japan, in July 2003. On the exposed coast,
the vegetation along a belt transect (160 m x 1 m, 0-15.6 m in depth) was comprised of 45 species and 3 taxa and divided into four zones
dominated by Sargassum nigrifolium, articulated corallines and Ecklonia stolonifera & encrusting corallines without and with subdomination

by Sargassum spp., respectively. The characteristic exposed features were the occurrence of S. yezoense in the uppermost zone and S.
hemiphyllum in the third zone as well as the coexistence of densely covered encrusting corallines and freshy algae in deeper zones. On
the sheltered coast (in port), the vegetation along a belt transect (35 m x 1 m, 0-5.3 m in depth) was comprised of 41 species (and 1 taxon)
and divided into three zones dominated by Enteromorpha intestinales, S. micracanthum & Pachydictyon coriaceum and E. stolonifera &

Sargassum spp., respectively. Among the identified species, only 18 species were common in total of 68 species.
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Fig. 1. Location of Hegura Island and two belt transects.
Contours are drawn at intervals of 10 m in depth.
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Table 1. Marine algal species and their coverages (%) along a
belt transect on an exposed coast in Hegura Island.

Zone number 1 2 3 4 5 6 T

Distance (m) 0.0 2 13

Depth (m) 0.0 2.3 5.0

Nemalion vermiculare

10

sum nigriforium 50

Plocamium telfaire

Dilophus okamurae 30 +

20 +

Laurencia sp.

Amphiroa zonata

Corallina pilulifera 30 40 + + + & +

Encrusting brown algac 20

Sphacelaria sp.

+
Padina japonica +
+

Laurer, okamurae

Dictyopteris prolifera

Hydrochlathrus clathratus

Leathesia difformis

Amphirca valonioides 10

Asparagopsis taxiformis

Champia parvura

ssum fulvellum

Dictyota dicotoma

v
+
ssum siliquastrum +
4
+
+

Pachydictyon coriaceum

Mesophyillum cystocarpideum

Lithophyllum okamurae

Sporolithon sp.

Sargassum piluliferum

m hemiphyllum

Colpomenia sinuosa

Sargassum patens

¢
+
+ 5 30 5 17
+

SSUIm macrocarpun 10 20 20 50

+ |4+ [+ 1+ [+ oo [+ |+ |4

Ecklonia stolonifera 80 (1 20 65 25

Cladophora sp. + 30 + + +
Cladophor i

30 80 70 80 80 70

Marginisporum cras 20 + 10 25 10

Amphiroa anceps

Ceramiaceae sp.

Portieria hornemannii

5
+
Jania nipponicum e + + +
¥
+
4

Peyssonnelia spp.

Amphiroa misakiensis 2}

Alatocladia modesta + 5

Predaea japonica + +

Derbesia sp.
Kallymenia sp.

+
+
Plocamium cartilagineum + +
.
+

Total number of species (taxa) 9 37 18 12 16 15 21
H'(Shannon-wienner function) 2.12 2.94 1.75 1.65 1.95 1.90 2.10

+: less than 5 % in coverage.
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Fig. 2. Coverage (%) of bottom characters in zones recognized
by a diver’s scene division (with naked eyes, Table 1) along a
belt transect on the exposed coast in Hegura Island.
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& ETOM (43 160 m) 2 #EF it 2 m, 13 m, 22 m,
34m, BmEBLIV124mD6HIETXSIL, 7TODY—V
RO, KV — v OWREHBRE & #% % Z 2 Table 1,
IS HE DEl 4% Fig. 2 1R L, PUTICHHER Eo KXo
Rz iR %,

B — (MEREEEEO ~ 2 m, K0 ~23m), 52—
v (BERPERE2 ~ 13 m, K23 ~50m) BLXUHE3 V-
v (HERPERE 13 ~22 m, AKES5.0~7.7 m) (EEOHNET,
iz, + 7% %€ Sargassum nigrifolium Yendo, Hffith> o€
JH, YUT 7 ADMEL LT/ (Table 1), %54 V' —> (B
PEEE22 ~ 34 m, KFETT~88m) L5V — (i
it 34 ~ 93 m, K% 8.8 ~10.9 m) IFE M CHELiv > o€
DEL LT, W& Tlke A 7 YIE Cladophora sp., %
HTIEY F ¥ € 7 Sargassum ringgoldianum ssp. coreanum
(J.Agardh) Yoshida %>/ 2% Y €7 Sargassum macrocarpum
C.Agardh % ED AR v &7 FHB ZAUK N, 556 — v (i
FAIREE 93 ~ 124 m, /K€ 10.9 ~ 122 m) TIHFE AL
ML, MY TEEY LTI AL LT, 7=
(e IERE 124 ~ 160 m, 7K 12.2 ~15.6 m) X EBUHFC,
iy TRBE 2 aXVEIPEL L T,

AR LTI, ke 4 B, R8N 19 R 1 A0MERE, K 22 A
2 PERE, AR 45 M 3 oy BRESI ¢ & % (Table 1), #:)%

Table 2. Coefficients of communities in seven zones on an
exposed coast shown in Table 1.

Zone 1 1

Zone 2 0.12 1

Zone 3 0.08 0.41 1|

Zone 4 0.11 0.29 0.58 1

Zone 5 0.09 0.29 0.55 0.56 i

Zone 6 0.09 0.33 0.60 0.65 0.94 1

Zone 7 0.07 0.35 0.41 0.43 0.68 0.64 1
Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7
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Fig. 3. Dendrogram constructed from cluster analysis (Ward method) of ‘coefficients of communities’ of seven zones (Table 1)

on the exposed coast in Hegura Island.

5% ESEESR I N7 FEIX 16 fE 2 BT, BIE S0%LL o
HWEZR LR, By 28 (70 ~80%), 54
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DI HEHTH-T-, WEEHRT 2 KREEEED) b,
rr¥U I (6FEAR) WE1Y—> (60%), 5V —
(55.5%), 7V —> (55%), AU YLTTIRAIEI Y —
v (80%) LE6YV—rT (65%) THRWHERTRL T,
V=rRloEEOBERIE, F1YV -8l MR
D, B2V —vMR3SE2 BB TRS TH o 7z (Table 1),
B = DEEMIESE (Table 1 DR TER) &, 2/ —v
DEAE292RLEDE2KRE, 1.8~21DfEE2RL, &
WABEOERE k) &oBREIRFCED Shkh o7,
BB - DEHDI L, &)V THERINLZDIREY

t 23 Corallina pilulifera Postels et Ruprecht & %R & D
1BLAEBEL T THo I, M, 1V —VDARATHEREINE
W I8 FEEHA, WRIIE2 V- RESRELEL, M
T, F1YV—vD4fE (FI7VERLTY /) R E T Sargassum
yezoense (Yamada) Yoshida et Konno %2 &), 7V —> 0
2EDIETH 7z,

BY —VEOBELERS (Table 2) #HVWTF Fus
7 & (Fig. 3) ZfERRL /%, E3~F4V—v, 5~
BIV—vBZ2zNETNIN—7%2KL, El1EE2YV -V
DBHENT Wz, TNs 2B E X CARRAEROE L MR
2m, BmD3IAFTLD2DY —VICBRF L, &Y' —
v OWE % Table 31T, IV —r (BEFEMHO~2m,
KEO~23m) 3T 70 EBEET 5 EBH, B — (B

Table 3. Characteristics of four zones reorganized from Table 1 and Fig. 3 along a belt transect on the exposed coast in Hegura Island.

Zone I II m v
Zone of scene division* 1 2 3,4 5,6,7
Distance from shoreline 0-2 2-13 13-34 34-160
(m)
Depth (m) 0.0-2.3 2.3-5.0 5.0-8.7 8.7-15.6
Dominant bottom type(s)  Rock Rock Rock, boulder Rock, boulder
Total number of algal 9 37 19 22
species
Number of species endemic 4 12 1 5
to each zone
Dominant canopy-forming  S. yezoense — E. stolonifera E. stolonifera
algae** S. macrocarpum
S. ringgoldianum
Major non-canopy algae** D. okamurae A. zonata Encrusting Encrusting
C. pilulifera C. pilulifera coralline algae coralline algae
Encrusting brown Encrusting Cladophora sp. M. crassissimum

algae

coralline algae

M. crassissimum

Peyssonnelia spp.

*: See Table 1, ** : >20% in maximum coverage
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Table 4. Marine algal species and their coverages (%) along
a belt transect on a sheltered coast in Hegura Island.

Zone number 1 2 3 4 5 6
Distance (m) 0.0 4.0 5.5 7.2 11.5 16.0 21.0 35.0
Depth (m) 0.0 0.0 0.7 2.2 3.4 5.3 4.8 4.4

Caulacanthus okamurae 2fs

95
+
5
Pachydictyon 5 40
Asparagopsis taxiformis - + 10
Lobophora sp. + 5 + 10 20
Colpomenia sinuosa + + + + + +
Encrusting coralline algae 20 25 40 10 30 20
Corallina pilulifera 20 + + + 20 +
Codium fragile + + +
Dilophus okamurae 30 + 5 10
Amphiroa zonata b 25 20 5 + 5
Sargassum micracanthus 70 10 25 + +
+
+
+ + +
+ + + +
+ 40 +
Acrosolium venulosum +
Sphaerotrichia divaricata + +
Chorda filum + +
Sa 1 ringgoldianum + + #
My is myagroides + + 20 o
Sa ssumn pilulifera + 10 5 5
Crouania attenuata 5 20
Gelidium elegans + i + +
Plocamium telfairiae + t +
Sargassum patens & + +
FPadina arborescens + +
1 macrocarpum + +
“orallina officinalis + +
Symphyocladiaa marchantioides + + +
Chondrus nipponicus + .
Pre jella tenuis + +
Gracilaria textorii + +
Cladophora sp. + +
Codium arabicum ¥
Plocamium cartilagineum +
Grateloupi
Ahnfeltiopsis flabelliformis
Padina japonica
"Total number of species (taxa) 2 12 12 21 22 22 30
H'(Shannon-wienner function) 0.12 2.00 1.99 2.4 2.62 2.59 3.24

+: less than 5 % in coverage.
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EYNT 7 A iy TEPEE L, BETIRIhIC/ 2
FVEI BT FXEIDRET 2 E AL SN,

5k, BV =DV LT I ARV 1 HS (BERERE 150
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Fig. 4. Coverage (%) of bottom characters in zones recognized
by a diver’s scene division (with naked eyes, Table 4) along a
belt transect on the sheltered coast in Hegura Island.

1Y —v (RSO ~4m, KEOm), 52— (
FEEE4 ~55m, KEO0~07m) BLOHE3 V—r (i
FEIEHES.5 ~ 7.2 m, K07~ 2.2 m) 1ZBFIEEEER o =
Y7Y—=bFT, BLY—=rTRERY 7 /Y Enteromorpha
intestinales (Linnaeus) Link, #§ 2 V' — > T2 b ¥ € 7
Sargassum micracanthum (Kiitzing) Yendo 23,5 L, % 3
V' — Y T F ¥ 7Y Pachydictyon coriaceum (Holmes)
Okamura 231N % > > 72 (Table 2), L F D 4 V' — iz
BT H 208, WOHIICTD) > THROHAEBKREL kT
Wi, B4V —v (HERERET7.2 ~ 11.5 m, KE22~34
m) 3/MEDIRL 2 HEEET, Y7 J X LMYy o
DEEE L Twie, 5 Y — v (HERIERE11.5 ~ 16.0 m, 7«
#3.4~53m) 3T, BHNORERETIERLES
%D, WY TEDIFENICZ Y ) Y F Crouania attunuata
(C.Agardh) J.Agardh 23 H 32 - 7, Hff /7 HEEE 16m DLRE 13 35
DHRRIZEp > THMES D, $6 V' —r (HEREEEE 16
~21l m, KRHES53~4.8m) 1T/ KEE T, M~
TEDIEDINA A F XIE 1§ Zonaria sp. ) £ H3H
B, BT = (HEREEE 21 ~ 35 m, KE4.8~44m)
R, KR, N WABADIRU D, Bilo X icENo
77— DT IO FESEE Th - 7,

AAAR LT T E ok, R4 AR, M 17 RE, SO
20 ff 1 730, ik 41 fli 1 3 BiECH > 7 (Table ), V' —

Table 5. Coefficients of communities in seven zones on the
sheltered coast shown in Table 4.

Zone 1 1

Zone 2 0.00 1

Zone 3 0.00 0.41 1

Zone 4 0.00 0.32 0.38 1

Zone 5 0.00 0.29 0.36 0.72 1

Zone 6 0.00 0.31 0.39 0.48 0.52 1

Zone 7 0.00 0.24 0.27 0.50 0.68 0.53 1
Zone 1 Zone 2 Zone 3 Zone 4 Zone b Zone 6 Zone 7
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Fig. 5. Dendrogram constructed from cluster analysis (Ward method) of ‘coefficients of communities’ of seven zones (Table 4)

on the sheltered coast in Hegura Island.
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TV—vTHRb% 291 | ER %508 L /2 (Table 4), %
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HBROME - YEBCLICHBRY -V BERARLLZ S, 7
DD =V I RTCTHEERINLEEIRL, 120V —vF
FCHERIN-@ERIE 128ERX L, 2o 12/, B,
B2, B3, T4, BTOKY— v THERIN, BES50%
DEDEOCHELRL -EE (Gelko 3/ 1 78 ci3E

1=V DRI TA ) )V EFBEYET 3,

Y —VvHEOBEMERS (Table 5) ZHVTFr Fu s
74 (Fig. 5) ZERL 7R, B22LE3I V-, Fa4d
SETYV—vBENEFNIN—T%2RL, 1V —rBKE
CHENT Wiz, CORBEEEE 2 CAREROBE 2 HERE
M4m,72mD2 AFFTI DDV —VICHXRS L, &Y —
v OWEZ Table 6 I2RY, 1V —v (MFEMHEO~4m,
KEOm) X774/ VELETEavysY—r7ay ),
Y — (MEEM4~T72m, KEO~22m) LY
BN F YIS BELETEary Y- T vy, B
V—v (BEREERET7.2 ~35m, K#E22~53m) EYyr7
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Table 6. Characteristics of three zones reorganized from Table 4 and Fig. 5 along a belt transect on the sheltered coast in Hegura Island.

Zone I Il m

Zone of scene division* 1 2,3 4,5,6,7

Distance from shoreline (m) 0-4 4-7.2 7.2-35

Depth (m) 0.0 0.0-2.2 2.2-53

Dominant bottom type(s) Concrete Concrete Pebble, boulder,
pavement pavement cobble, sand

Total number of algal species 2 17 35

Number of species endemic to each zone 2 5 23

Dominant canopy-forming algae** —

Major non-canopy algae** E. intestinales

S. micracanthum

E. stolonifera
S. micracanthum
M. myagloides

P. coriaceum Encrusting

D. okamurae coralline algae
A. zonata A. taxiformis
C. pilulifera C. pilulifera
Encrusting C. attunuata

coralline algae

*: See Table 2, ** : >20% in maximum coverage
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