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Algal Recovery on Coralline-covered Cobbles Collected
from an Urchin-dominated Barren Ground in Flowing Deep-sea Water

BEEH AN

Daisuke Fujita

Abstract

Algal recovery on coralline-covered cobbles collected from an urchin-dominated barren
ground of Southwestern Hokkaido was observed in two outdoor aquariums (35 litters in vol-
ume) using running deep-sea water of Toyama Bay (known as macro-nutrient rich sea water
pumped from a depth of 321 m and warmed up to 11°C) from June to December in 2000. Top
surfaces of cobbles were largely covered with encrusting or protuberant nongeniculate
coralline algae (NCA) ; besides NCA, only tiny spots of an encrusting brown alga Ralfsia
verrucosa and a few prostrates of red algae including Gelidium elegans were visible. In one
aquarium, ten grazers of a snail Omphalius rusticus were added, while, in the other, the cob-
bles were kept without animals as a control. In the aquarium containing snails, 16 species of
macroalgae appeared on refuges (e.g. underside of cobbles, crevices between NCA crusts or
protuberances and surfaces of shells) and diatoms rarely covered the cobbles. The most con-
spicuous event was the rapid growth and maturation of ‘dulse’ Palmaria palmata and kelp
Laminaria religiosa, which reached 30cm and 160cm long, respectively. G. elegans also grew
up to 5¢cm long. In addition, R. verrucosa recovered and recorded ca. 10% coverage of top sur-
face in one cobble. On the other hand, in the control, cobbles were rapidly covered with dia-
toms and macroalgae never recovered but most of NCA survived after a half year. However,
introduce of snails after seven months facilitated the recovery of macroalgae including G.
elegans and R. verrucosa by removing diatoms. These results, combined with the results of
previous experiments using surface sea water of natural temperature, suggested the impor-
tance of nutrients as well as intermediate disturbance (i.e., grazing by snails, moderate than
that of sea urchin) for the macroalgal recovery in the barren ground.

Key Words: Algal recovery, coralline algae, deep-sea water, nutrients, urchin-dominated barren
ground
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RO BARBAFERICR, ¥ L59F0 =
Strongylocentrotus nudus 735 L, HBIENSOIKE
DIEEIY v T KIE, v IEH) IcL-THb
N2EMBENSELET S (Fujita, 1998). TD &
3 Y BEEE 1 ‘urchin-dominated barren groun
d’ (Lawrence, 1975) % 7z {3 ‘urchin barren’ (Coyer
etal, 1993) LIFiZh, HMAFZMOESZOHAITL
BHH25 @B o505, dtiEEAETIRa v T
HEROERICH - TEARICILRL, Fifel 7o &%
ZoNTWVWRI DD, BEFEALIH, FE -
Froer g O RRRAC BIEEIN DBF S S hTWn
(BEH, 1996 ; EF, 1999 ; kR, 2000). Jtigd
FATHRE DBBE I I A+ 4 4 5+ + v = OIEMHES)
KE->THRLTVWE T LR, AFICRIEARE,
a2 v 7OMERR, v-0REARSZVIET oy
7 PRADEARRILE, BLOER -BEICL-T
AopicEdnTE i (BRE, 1996 ; &, 1999).
LHL, CORBOMEETOREPCHROERLE L
T, WBEOERBE/ (R, 1997, 2000), BEXE
b (EH, 1996), REBEDHARICHBELZE
felr 24EET Y~ T E DFE (FEH, 1995; Suzukiet
al., 1998; Ichiki et al., 2000) 7 &b, L TEM
FTrETERV, LA, HEEWQ, JEEREAS
OBBETHIE TRE L 12820 (BEY v T LB
AREL, ¥4L59Fv=, NEEB (~NVvTH
2 R4 1 Chlorostoma turbinatum), 4 b <+t b
7 Asterina pectinifera ® \\VFN»DEA - FoKiE &
A>TV WKE GHEBX) AL, RitioRE
#7KE D TR LS DS SHEAE OBAL A TN Z ER AT -
FETA, A bTFE b FOKES LUOWMBX TR
SLOBEEES/ BRI O, F545
HF Y =F I/ NEEB DA - 1KIETIIEYI DR
ABEBIRIC L VECRORAN Ch o DERICHE DN
T3 (BEH, 1997). wBEOEF %M
ZELLBMOSB, F5L50Fy = FEEY VT
ELF LK EBI ot LT, /NEEEITEETY
v IEDRAELHHID, BEIY Y TEEZEASE
e Es, A0, BI/NEERICKD, KEHE
K ERTER TRERBE D SV BERBKE R
WBZ LIk DKE - REEFHEWEL, EKOD

RAKIEREREIT > Tinh LOBEEAEDOZE(LEH
NI:DTHRET 5.

mHEHE

|ETY v TEDH - ety LT, Bicichiw
5), WIED» ORI L \EYy v TEDO—FET VA
v 3B ¥ Lithophyllum yessoense ¥ & U'/NBI% B
1, 2000 £F 6 A 13 BIC AEENARL BT R O %
FHE OKE 3m ffif) T SCUBA #Kick > T
REL, BKERBIZLIY — 5 -t ANTEILRK
ERBRE ICHBIR - TEBRICH L. 58, RER
DK@ 14CTH » 7. /NEIEBIIE, EOER
(BEH, 1997) THWIEAY T2 K44 LEKRP
RESIOEEUL, ZHEARERETEZIENTEL
IV HHYH S5 Omphalius rusticus (G 1.5
cm) ZRHWV7.

ERIBAC2EORAET 7V VvBIKIE (351
7, BEE (1997) MAEVAiEEEICER) it
NCfTWie, BKIEITE, h (BE10~17cm)
#3M@IF>ANKIED, FKLE~< 7 Y Gelidium
elegans DFEIFAENBEZE L-BEY v 3T (BE4
cm) % 1AL smwtz. 2HOKEDS B, 1
HicB3avsyhHvas 10 f@ikE AnTN%R
X&L, ftho 1 HEicld@gmemzd, WX EL
fo. BB, WFhoinh b KRS L < 133
AHETAEEY Y TEICL - TELSEONTED
(BRIC & 281 80%LI L, Fig.—1-2) T, &
giv v TR, NEIROFRIKIBEA V1T 5
4 Ralfsia verrucosa, <7 ¥ B LUV I3 ¥ % £ Sym-
phyocladia marchantioides @ FEMEDMED I
SNEIEFTH 1. THODBEICOVTIREIC
BREES, REREEHEL.

BIKIEE, HTKE DAL MICEL -TIICET
MEL - ZELEERBK OKE3RZIm» 58 2°CT
BUK) %KIED L Shidil OKOEIERZEIZ 0.5
[El¥x/41), T oKL, EBRIZ6 A 21 Bickh
Y, FAIE LCBLE, KiEONHEBEL 7.
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RiERDOERBKEFKL, REEEZHKLcOT,
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BEDHIZTh% Table—1 XKLz, TYyE=
THERLBHBREZRTRENZED SNV,
PHERREER T 16515, V) VEERREY) T3 34.2 15,
TABREET A ZTIE 2215, BELBEBKOADIK
RETOREHKE D bEWEER L 7. JLiBEARK
BISKERER £ v ¥ — THUKL TWa REHBKEE
B ZERBKFI R MR TEUK LTV 3 EBKDK
BERBEOHEL/LICO>VTIZ, FEE (1977)
& Watanabe et al. (2000) Bz hZEFnRLTED,
Table—1 & ZIFERDMEMERD 2 LA TZ 3.
138, BlIBERBKCEENS LERUANOES IS
WTRREBK (BB hOREEDERIEER
Shiv (G5, 1999).
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BIKIEN DO EERDOERIRG, MR BED
fE¥A% Table—2 8L U Figs.—1-6 £ 8~9 it &
BTRL, DT, KEOEAICHE > THEAEZLD
W ER~ 2,

MEX 1 BEED» SKENNE-T 5 LHREICE
bh, 2 BRERICEERTBERIEX LIGD . 3
BARIBLEE S SICHBEOEXSEF L LD, KiF
O _ERRED» S ho [ PEEY v TEMSHER TR
(ot 4BREIRICEEAD 1 >Z2HD L T/hE
HAX DA & B L 7245, WBRX T/ %A X
LHRTABEREOEENE L - 72 (Fig.—1,
). 0%, 5BMK%ICE, v vToetkic

Concentrations of nutrients in surface sea water of Taisei (Southwestern Hokkaido) and deep-sea

Table—1
water of Namerikawa (Toyama Bay) sampled in October, 1999.
Site (Depth) NH,-N NO.-N
Taisei (10 m) 0.03 0.01
Namerikawa (321 m) 0.03 0.01

NOs-N PO.-P Si0,-Si
0.32 0.05 21.1
5.28 1.71 46.4

Table—2 List of macroalgae which appeared on cobbles, nongeniculate coralline algae (NCA) and snails
Omphalius rusticus during the culture in deep-sea water.

Snail-aquarium

Control-aquarium

Species

Cobbles NCA

Snails Cobbles NCA

Green algae

Enteromorpha intestinalis +
Cladophora opaca

Brown algae

Ectocarpus siliculosus

Ralfsia verrucosa ++°
Colpomenia sinuosa +
Desmarestia viridis

Laminaria religiosa ++
Red algae

Stylonema alsidii

Audouinella sp.

Palmaria palmata

Gelidium elegans ++°
Chondrus sp.

Antithamnion densum

Ceramium cimbricum +
Ceramium kondoi

*

Symphyocladia marchantioides ++

(+)° +*

(+)

(+)
(+)°

*Visible by naked eye at the beginning of culture. +: Only one erect thallus appeared; ++: More than one erect thalli appeared;
( ): Erect thalli appeared after introducing snails in the seventh month.
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Figs.—1-6 Algal recovery on coralline-covered cobbles kept in snail- and control-aquariums.
Fig. 1. A cobble (left, 14 cm in diameter) which was covered by diatoms in control-aquarium and an un-
spoiled cobble (right, 12 cm in diam.) in snail-aquarium (after 4 weeks).
Fig. 2. A coralline-covered cobble (17 cm in diam.) placed in snail aquarium at the beginning.
Fig. 3. Red algae which grew in cavities between protuberances of NCA on the cobble shown in Fig. 2 (after

2 months).

Fig. 4. Growth of Laminaria religiosa and other macroalgae on the cobble shown in Fig. 2 (after 3 months).

Fig. 5. Matured thalli of L. religiosa shown in Fig. 4 (after 5 months).
Fig. 6. Expansion of crusts of Ralfsia verrucosa on the cobble shown in Fig. 1 (right) (after 6 months).
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Ihi. ELQOEEY v ITE (I, V414 vTo
EREBMAEOEWVERK) 3FERICE->THREEL
Bhaoteh, =14 vToetbto=sY, &R tD
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Bk E» SH#LEE S )V R Palmaria palmata, <7 4,
VI/RIBIEBLUOREY Y F AT Y
Cladophora opaca DS UMD 1. t2t2L, v ¥+
A sy REFELNBEECEDN . 5BRHEK
WIRBRED S V2L K 15cm 28 %, Fig.—2
WCRLEA I EICB2RH lam D&y xa v 7
SEA (14PIC5 A, 95 cm BEN/FTIC 1 &)
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DO5eR IR EZ L, a0l ey v T
DEEMICIF R ERF XA M7 IV AY X, 4F
R, A=Y a4 x5E 1% Audouinella sp. 73 EH5
SRR st (Fig.—3).
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tia viridis 1 fAfk, Hix bic ¥ & 3 ¥ o Ectocarpus
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DOREEBE LIHER, AoRFIEREIhTO.
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L. 7, EEY Y ITEICEDODOA TV I AT
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(Fig.—6) ~EZE L 1.
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Wi, RbEREULERKOREEZNZ N
Fig. 7TIZ/RLZ. 232 A A%Ic2E&E 30cm
IEL (Fig.—8), v xav 734 7 Akice
E 160cm, #EiE12cm (Fig.—9) <ZEL, K&
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Fig.—7 Growth of the longest thalli (undamaged by expo-
sure) of Palmaria palmata () and Laminaria religiosa

(@) in snail-aquarium.
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Figs.—8-9 Prominent growth of macroalgae in the snail-aquarium.

Fig. 8. Palmaria palmata (left and middle) and Gelidium elegans (right below) which grew on
the shells of a snail Omphalius rusticus and G. elegans (right above) growing on
nongeniculate coralline-algae (after 2 months).

Fig. 9. Laminaria religiosa (see also Figs. 4 and 5) reaching 160 cm long after 5 months.
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BH/NMER) THEELTVWA I EE2ERT ClEL®
Ll EMTEL.
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