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Galleries of the crabs Acanthocyclus under intertidal
mussel beds: their effects on the use of primary substratum

Galerias de jaibas Acanthocyclus bajo mantos de mitilidos intermareales: sus
efectos sobre el uso de sustrato primario
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ABSTRACT

The mid rocky intertidal of Cachagua, like many other rocky sites in central Chile, is dominated by beds of the mussel
Perumytilus purpuratus. Under these mussel beds the predatory crabs Acanthocyclus gayi and A. hassleri build separated
blind-ending galleries whose floor is the rock and the roof is the mussel bed. Samples of 1 m? of Perumytilus beds (100%
cover) showed that the surface area of crab galleries ranged between 17.4% and 34.7% of the total area, and that 80% of
the crabs were A. hassleri. In 130 of the 157 galleries analyzed, one or two conspecific crabs were found. In the
remainder, up to six crabs were found together. Comparisons between the floor of crab galleries and similar rocky areas
under the mussel bed, but without galleries (controls), showed that both density and cover of Balanus flosculus,
Phymactis clematis and bryozoans were significantly higher in galleries. Similarly, the total number of species was
greater on the floor of the galleries than in the controls. Although from outward appearances the cover of P. purpuratus
remained at 100%, crab galleries allowed more sessile species to occupy the mid intertidal fringe. This occurs because of
the introduction of species typical of the lower intertidal, which would otherwise be excluded by mussels.
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RESUMEN

La zona intermareal rocosa intermedia de Cachagua, asi como muchos otros sitios rocosos de Chile Central, estd
dominada por mantos del mitilido Perumy tilus purpuratus. Bajo estos mantos las jaibas depredadoras 4 canthocyclus gayi
y A. hassleri construyen galerias cerradas no interconectadas entre ellas, que tienen como piso la 1oca y como techo
mitilidos. Muestreos de 1 m“ de mantos de Perumytilus (100% cobertura) mostraron que la superficie cubierta por
galerias de jaibas fluctia entre 17,4% y 34,7% del drea total, y que el 80% de las jaibas corresponde a la especie A4.
hassleri. En 130 de las 157 galerias analizadas fueron encontradas una a dos jaibas conespecificas. En el resto se encontrd
hasta un mdximo de seis jaibas por galerfa. Comparaciones entre el piso de galerias de jaibas y dreas Je roca similar bajo el
manto de mitilidos, pero sin galerias (controles), mostraron que tanto la densidad como la cobertura de Balanus
flosculus, Phymactis clematis y briozoos son significativamente mads altas en las galerias. Asimismo, el niimero total de
especies sésiles fue mayor en el piso de las galerias que en los controles. Aun cuando la cobertura externa aparente de
Perumytilus permanece en 100%, las galerias de jaibas permiten que un mayor niimero de especies sésiles ocupen la franja
intermareal intermedia. Esto ocurre a través de la invasion de especies tipicas de la franja intermareal inferior, que de otra
forma serian excluidas por los mitilidos.

Palabras claves: Intermareal rocoso, depredacién por jaibas, galerias de jaibas.

INTRODUCTION

Intertidal mussel beds are conspicuous and
important components of many rocky
shores. Generally, mussel species are supe-
rior competitors for primary space, and
their beds show complex community struc-
tures (Paine & Levin 1981, Suchaneck
1986). In the rocky shore of central Chile,
beds of the mussel Perumy tilus purpuratus

(Lamarck 1819) are commonly found in
the mid intertidal where the slope is 450 or
less, in areas either sheltered or exposed to
wave action (Castilla 1981). Perumytilus
purpuratus is the dominant competitor at
that intertidal level and, in the long term, is
able to exclude other sessile species such as
algae and barnacles (Castilla 1981, Paine et
al. 1985).

The number of mussels per unit area
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differs widely from one site to another
because beds are formed by up to four or
five layers of individuals. In those sites
where the mussel beds are thicker, cons-
picuous mounds of mussels are observed,
under which the predatory. Atelecyclidae
crabs Acanthocyclus gayi Milne Edwards et
Lucas 1844 and A. hassleri Rathbun 1898
build galleries.

Acanthocyclus gayi and A. hassleri re-
cruit mostly in beds of P. purpuratus.
They remain among or underneath the
mussels until reaching 10 to 15 mm cara-
pace width (CW). Above this size, the crabs
that remain in the mussel bed build blind
galleries which have the rock surface as
floor and the mussel bed as roof!.
Although such galleries are frequently
found in the rocky intertidal of central
Chile, particulary where the mussel beds
are thicker, there are no studies focusing on
(a) the effects they may exert over the use
of primary substratum by sessile or mobile
intertidal organisms, or (b) their influence
on the stability or persistence of the mussel
beds.

We study some aspects of the galleries
built by Acanthocyclus spp. and mainly
analyze the effects of these galleries on the
utilization of primary substratum by sessile
organisms, as well as on the densities of
some mobile species that live underneath or
among the mussels.

MATERIALS AND METHODS

The study was carried out from September
to December 1981 in an exposed intertidal
rocky site of ca. 50 m? in Cachagua
(32036’S, 71025°W), central Chile. The
mid intertidal of the study site was domi-
nated by beds of the mussel Perumytilus
purpuratus, which showed cover values
near 100% over the entire area. The prima-
ry space (rock) of the upper intertidal
(immediately above the mussel beds) was
dominated by the barnacles Chthamalus
scabrosus (Darwin 1854) and Jehlius ci-
rratus (Darwin 1854). The same species
were also found on the shells of Perumy-
tilus in the middle zone. On the other
hand, the lower intertidal was dominated in

biomass by a belt of the brown alga
Lessonia nigrescens Bory. The barnacles
Balanus flosculus (Darwin 1854), B. laevis
(Bruguiére 1789), J. cirratus and C.
scabrosus, and the sea anemone Phymactis
clematis (Drayton 1846) were typically
found in the space between the Perumy-
tilus belt and the Lessonia belt, and were
often part of the Lessonia community of
the lower fringe.

Samplings were performed at the middle
intertidal in four 1 m x 1 m quadrats
selected at random in different areas with
100% cover of Perumytilus. Inside these
quadrats the mussels from the roof of the
galleries were carefully removed, unco-
vering the crabs that occupied them. The
crabs were identified, sexed, and measured
(CW). Similarly, all sessile organisms settled
on the floor of the galleries, as well as other
mobile organisms, were identified, counted
and measured. All crab galleries in the
quadrats were sampled.

To determine the area occupied by each
gallery, its maximum length and width
were measured with a ruler (precision 1.0
mm), and to obtain an estimate of the
mussel bed thickness, lateral walls of
galleries were measured from the basal rock
to the surface of the mussel matrix. A total
of 157 crab galleries was analyzed (each
gallery was considered as a replicate).

In areas with a 100% cover of Peru-
mytilus adjacent to the quadrats, but
without crab galleries (= controls), we
removed mussels from the rock, leaving
spaces similar to those occupied by
galleries. All sessile and mobile organisms
found on 40 such control areas were
identified, counted and measured.

Cover of sessile organisms (% of total
area), in crab galleries and controls, was
estimated from individual measures taken
as follows: a) rostro-carinal length of bar-
nacles; b) maximum basal diameter of sea
anemones; ¢) maximum length of mussels.
Cover values were compared with one-way
ANOVA after arc-sin transformation of
data (Sokal & Rohlf 1981).Density values
were expressed as number of individuals
per 100 cm? surface and compared with
one-way ANOVA after logarithmic trans-
formation of data (Sokal & Rohl 1981).
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RESULTS

Most galleries of Acanthocyclus spp. obser-
ved in the field were separate blind-ending
units. Usually, (82.8%) only one or two
large crabs > 13 mm CW), always con-
specific, were found inside each gallery. In
the remaining ones, up to six crabs were
found together (Fig. 1), but these did not
exceed 13 mm CW. Sex ratios were, in all
cases close to 1: 1 (Fig. 1). Eighty percent
of the crabs found were 4. hassleri. This
species reached maximum adult sizes
(36 mm CW) inside the galleries, whereas
A. gayi did not exceed 19 mm CW in the
same situation. No recruits of either species
(crabs smaller than 3 mm CW at post-zoea
stage) were found inside the galleries (Fig.
2).

The total area covered by crab galleries
in 1 m? of Perumytilus bed ranged between
12.4% and 34.7%, and increased slightly
with increasing thickness of the mussel bed
(Table 1). The size of each gallery (maxi-
mum length in millimeters) increased with
the size of the largest crab found in its
interior (Fig. 3). The number of crabs per
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Fig. 1: Relative frequencies of crabs Acantocy-
clus spp, and percentage males found per gallery,
under mussel beds of P. purpuratus.

Frecuencia relativa de jaibas Acanthocyclus spp. y por-
centaje de machos encontrado por galeria, bajo mantos
de P. purpuratus.

gallery also contributed significantly
(P = 0.001, multiple regression R = 0.49)
to account for the increase in the length of
galleries.
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Fig. 2: Size-frequency distributions of Acanthocylus gayi (striped bars) and A. hassleri (open bars) inside

galleries, under mussel beds of P. purpuratus.

Distribucién de frecuencia de tamafio de jaibas Acanthocylus gayi (barras achuradas) y A. hassleri (barras claras) encon-
tradas en el interior de galerias, bajo mantos de P. purpuratus.
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Fig. 3: Linear regression between the length of Acanthocyclus galleries and the size (CW) of the crabs that

occupied them.

Regresion lineal entre el largo de las galerias de jaibas Acanthocyclus y el tamafio (CW) de las jaibas que las ocupaban.

TABLE 1

Area (primary substrate) occupied by galleries of
Acanthocyclus spp. crabs under four 1 m? qua-
drats of Perumytilus purpuratus bed.

Area (sustrato primario) ocupada por galerias de jaibas
Acanthocyclus spp. bajo cuatro cuadrantes de 1 m* de
manto de Perumytilus purpuratus.

Area p
of % area NO of
galleries galleries  Mussel bed thickness*  crabs in
(cm?) (cm) galleries
3474 34,74 34310,15 105
(n=63)
2832 28,32 2,98 £0,09 92
(n=35)
2049 20,49 2,42£0,14 38
n=32)
1740 17,40 1,90 £0,08 35
(n=27)
*: Mean * S.E.

Figure 4 a and b shows the densities
(ind/100 cm?) and cover (%) of sessile
species settled on the floor of the crab
galleries, and those settled in the control
areas. The number of sessile species was
greater in galleries (n = 9) than in controls
(n = 2). Moreover, the densities of B.
flosculus and P. clematis, as well as the

total density of organisms, were significan-
tly higher inside galleries (one-way ANOVA
results: P = 0.0001, P = 0.0485 and
P = 0.0001, respectively). Similarly, the
cover of B. flosculus, P. clematis,
bryozoans, and the total cover of organisms
were significantly higher in galleries than in
controls (one-way ANOVA results:
P = 0.0001, P = 0.0470, P= 0.0430 and
P =0.0001, respectively).

The mobile species Chiton granosus
(Frembly 1827) and Fissurella sp. were
found both in galleries and in controls.
Their maximum sizes were 20.8 mm and
24.6 mm long respectively. Mean density of
C. granosus was significantly lower (F =
22.36; d.f.= 1,144; P = 0.001) inside the
galleries (0.01 ind/100 c¢cm?) than in the
controls (0.3 ind/100 ¢cm?). Mean densities
of Fissurella sp. were equally low (0.01
ind/100 ¢m?) in galleries and in controls.

DISCUSSION

No individuals of Acanthocyclus gayi larger
than 19 mm CW were found inside ga-
lleries, whereas individuals over 28 mm CW
were frequently observed in crevices and in
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Fig. 4: a) Cover (%) and b) density (ind/100 cm?)
of sessile species on the floor of crab galleries
(striped bars) and on the control areas under
P, purpuratus beds (open bars). Pp: Perumytilus
purpuratus;, Sa: Semimytilus algosus; Bg: Bra-
chidontes granulata; Bf: Balanus flosculus; Bl:
Balanus laevis, Pc: Phymactis clematis; Bry:
Bryozoans; Lit: lithothamnioid. Pol: Phragmato-
poma sp.; Tot.: Total. Significant differences indi-
cated by * : P<0.05 and ***: P<0.001.

a) Cobertura (%) y b) densidad ind/100 cmz) de especies
sésiles en el piso de las galerias de jaibas (barras achura-
das) y en las dreas de control bajo el manto de P. pur-
puratus (barras claras). P.:. Perumytilus purpuratus; Sa:
Semimytilus algosus; Bg: Brachidontes granulata; Bf:
Balanus flosculus; Bl: Balanus laevis; Pc: Phymactis cle-
matis; Bry: Bryozoans; Lit: lithothamnioid. Pol: Phrag-
matopoma sp.; Tot: Total. Diferencias significativas
indicadas por * : P < 0.05 y ***: P < 0.001.
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Lessonia holdfasts (unpublished results).
On the other hand, A. hassleri did reach
maximum sizes inside galleries. This pattern
of distribution has been previously repor-
ted in other localitities of central Chile, and
has been explained as a result of inters-
pecific interference competition, causing A.
hassleri to exclude A. gayi from the thicker
sectors of the mussel bed?.

At this stage, it is difficult to establish
whether crabs cause mounds to form de
novo in the mussel bed or whether they
take advantage of previously existing irre-
gularities (i.e. crevices, fissures in the rock)
to construct their galleries there. Our re-
sults strongly suggest that these species of
Atelecyclidae settle among irregularities in
the mussel bed, subsequently expanding
them into mounds, hence the positive slope
of the regression of gallery length on crab
size. Indeed, P. purpuratus is an important
component of the crabs’ diet (Sotomayor
& Zamorano 1985), and the two species are
able to attack even the largest mussels in
the beds (Navarrete & Castilla 1988).

The release of primary substratum (rock)
produced by crab galleries under the mussel
bed allows a greater packing of species in
the mid intertidal as compared with con-
trols, despite the external apparent cover of
P. purpuratus remaining at 100%. It is
worth noting that the invertebrate species
that occupy this substratum (i.e., B. floscu-
lus, P. clematis) are usually found in the
lower intertidal. We did not find the typical
species of the mid and high intertidal, such
as J. cirratus and C. scabrosus. Settlement
of these barnacle species occurs readily on
middle intertidal rocks when the Perumy-
tilus bed is removed (Castilla & Durin
1985). It is likely therefore that the fil-
tering activity of the mussels and/or the
abiotic conditions generated inside the
galleries determine the type of species that
can settle and live on the gallery floor. On
the other hand, the low densities of Chiton
granosus occurring inside the galleries may
be attributed to the predatory activity of
crabs, which frequently feed on this species.

1) NAVARRETE SA & JC CASTILLA (1988) Coexisten-
cia y reparticion de recursos en jaibas intermareales.
Archivos de Biologia y Medicina Experimentales
(Chile) 21: R 316.
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Finally, an interesting problem remains
to be studied: the effect that these galleries
and mounds exert on the stability or
persistence of the mussel bed. Mounds may
be strongly affected by the mechanical
force of waves, because they are the
weakest points in the mussel bed, and may
facilitate the release of primary substratum
in the middle intertidal.
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