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Algal Recovery on Coralline-covered Cobbles Collected
from an Urchin-dominated Barren Ground in Flowing Deep-sea Water 11
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Abstract

Subtidal rocky coasts of southwestern Hokkaido are known as long-standing urchin-
dominated barren grounds where hard substrata are extensively covered with nongeniculate
coralline algae (NCA). In the previous study, the NCA-covered cobbles collected from one of
the barren grounds (3 m in depth) were colonized by kelp and other algae when kept in an
aquarium with snails in flowing warmed deep-sea water (w-DSW) of Toyama Bay (11 °C). In
the present study, NCA-covered cobbles and crusts of Lithophyllum yessoense (dominant
NCA) were kept in flowing w-DSW after zoospores of the kelp Laminaria religiosa were set-
tled. In the snail treatment, these substrata remained free from diatoms by snail grazing;
kelp and other macroalgae appeared from various refuges on cobbles (e.g., undersides of cob-
bles, interspaces between NCA crusts or their protuberances and bases of rudimental
macroalgal tufts) but not on NCA crusts. In control, diatom heavily colonized the cobbles
and NCA crusts resulting in few growths of kelp; sporelings of L. yessoense were trapped in
the ‘diatom mats’, which may inhibit their recruitment. In another experiment, NCA-covered
cobbles collected from deeper barren bottom (7 m in depth, boundary between hard and soft
substrata) were kept in w-DSW without settling kelp zoospores. As the result, Undaria
pinnatifida and Costaria costata as well as L. religiosa appeared in the snail treatment while
a few L. religiosa appeared in control. Appearance of a total of 22 species of macroalgae on
NCA-covered cobbles in a series of studies strongly suggests that potential algal vegetations
(e.g., growth-suppressed sporelings) are widespread in the barren ground and can be facili-
tated when nutrients and moderate grazer (diatom remover) are present. Although supply
of kelp zoospores facilitates kelp recovery, multi-species bed formation should be aimed for
the maintenance of stable community because macroalgal tufts function as refuges of kelp.
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dominated barren ground
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Figs. 1-4 Algal recovery on a coralline-covered cobble kept in control aquarium after Laminaria religiosa zoo-
spores were added. D: diatoms; Lr: Laminaria religiosa; Ly: Lithophyllum yessoense

Fig. 1

A NCA-covered cobble of 11 cm in diameter (at the beginning).

Figs. 2 & 3 Colonization by diatom and appearance of few juveniles of L. religiosa (after 2 and 4 months, re-

spectively).

Fig.4 Germlings (60-100 um in diameter) of Lithophyllum yessoense entangled in ‘diatom mat’ which over-

grew their parental crust. (Bar = 100 um)
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Fig. 5 Growth of kelp and/or diatoms on crusts of Lithophyllum yessoense in control aquarium (a-c) and snail
treatment (d-f) after Laminaria religiosa zoospores were added. D: diatoms; Lr: Laminaria religiosa. Bars = 1

cm (bar in a is common to b and d-f).

a: a clean crust at the beginning; b: colonization by diatoms and appearance of L. religiosa juveniles after 2
months; c: Growth of L. religiosa and diatoms after 4 months; d: a clean crust at the beginning; e & f: a crust
kept clean by snail grazing after 2 and 4 months, respectively.
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Figs. 6-9 Algal recovery on a coralline-covered cobble and a snail shell kept in snail treatment after Laminaria
religiosa zoospores were added. Lp: Laurencia pinnatifida, Lr: Laminaria religiosa, Pm: Polysiphonia morrowii.
Fig.6 A NCA-covered cobble of 10 cm in diameter (at the beginning).

Figs. 7 & 8 Growth of L. religiosa and L. pinnatifida (after 2 and 4 months , respectively).
Fig. 9 Growth of Dumontia simplex on shell of a snail, Ompharius rusticus (after 4 months).
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Figs. 10-15 Marine algal refuges and recruits of Lithophyllum yessoense in snail-treatment. Bars = 1 cm Ge:
Gelilium elegans; Lp: Laurencia pinnatifida; Lr: Laminaria religiosa; Pm:Polysiphonia morrowii..

Fig. 10
months.
Fig. 11

Interspaces between NCA crusts where Laminaria religiosa and Gelidium elegans grew after 2

Backside of a cobble where juveniles of L. religiosa grew after 4 months.

Fig. 12 Protuberant NCA Lithophyllum okamurae allowing the growth of rudimental thalli of Gelidium

elegans (at the beginning).

Fig. 13 Juveniles of G. elegans growing from the rudimental thalli shown in Fig. 12 after 2 months.

Fig. 14 Small tufts of G. elegans in which L. religiosa grew after 2 months.

Fig. 15 Recruits of L. yessoense appeared on the backside of a drainage pipe protruded inside the snail
aquarium after 4 months (See Fig. 16 for the reference of location).
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Fig. 16-18 Algal recovery on coralline-covered cobbles collected from deeper barren bottoms (7 m in depth,
boundary between hard and soft substrata). Cc: Costaria costata, Dv: Desmarestia viridis; Ei. Enteromorpha
intestinalis; Lr: Laminaria religiosa; SI: Scytosiphon lomentaria; Sm: Symphyocladia marchantioides; Up: Undaria

pinnatifida.

Fig. 16 Initial states of experimental aquaria (left: control, right: snail treatment).
Fig. 17 Algal recovery on cobbles in control aquarium (after 4 months).
Fig. 18 Algal recovery on a cobble in snail aquarium (after 4 months).
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Table 1 Macroalgae appeared on cobbles or shells of a snail Ompharius rusticus in the deep-sea water
running aquarium experiments.

Snail treatment Control
Cobbles Shells of snails Cobbles

Species

Green algae
Enteromorpha intestinalis e] )
Cladophora opaca
Brown algae
Ectocarpus siliculosus
Ralfsia verrucosa O
Colpomenia sinuosa
Scytosiphon lomentaria
Desmarestia viridis @) [
Costaria costata
Laminaria religiosa O O ©]
Undaria pinnatifida
Red algae
Stylonema alsidii
Audouinella sp.
Palmaria malmata [0)©)
Dumontia simplex ©
Gelidium elegans O*o* O*O* ((&p)
Chondrus sp. O (@)
Antithamnion densum O
Ceramium cimbricum O
Ceramium kondoi (@))
Laurencia pinnatifida ©*
Polysiphonia morrowii ©
Symphyocladia marchantioides O*O* o e

OO0 0O

(®)

OX0)

O : Species which appeared during the experiment (using materials collected at a depth of 3 m in June) in Fujita
(2001) ; © : species which appeared during the experiment (using materials collected at a depth of 3m in
November; L. religiosa zoospores were added) in the present study ; @ : species which appeared in the experiment
(using materials collected at a depth of 7 m in November) in the present study. * Visible by naked eye at the begin-
ning of culture. ( ) : Erect thalli appeared after introducing snails in the seventh month (Fujita 2001).
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Rock flat

Fig. 19 A schema showing the positions of marine algal refuges (D-®) in a barren ground,
which were revealed in Fujita (2001) and the present study.
@: undersides of cobbles, @: interspaces between NCA crusts, @: interspaces between pro-
tuberances of NCA, @: bases of rudimental macroalgal tufts, ®: surface of snail shells.
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