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ORIGINAL ARTICLE

Composition and vertical distribution of the motile epifauna on a
vertical rock wall in Gullmarsfjorden, western Sweden, using an
alternative sampling approach

MARIA A. THOMASSON! & BJORN G. TUNBERG”

lKrz'stineberg Marine Research Station, Kristineberg 2130, S-45034 Fiskebdckskil, Sweden, 2Smithsonian Marine Station,
701 Seaway Drive, Fort Pierce, FL 34949, USA

Abstract

The main purpose of this study was to evaluate the efficiency of the alternative quantitative sampling approach and if it was
possible, by using this method, to elucidate temporal variations concerning the composition, vertical distribution, and
abundance of the motile epifaunal community. The study was performed on a vertical rocky bottom in Gullmarsfjorden on
the Swedish west coast. Quantitative sampling was performed at four depths (2, 6, 10 and 15 m) on three occasions (19
June, 2324 July and 23 September 1996) by means of a water jet powered suction sampler (venturi principle). In total, 53
macrofaunal taxa were found, of which 29 taxa occurred on all sampling dates. Significant vertical zonation patterns were
recorded in July and September, but not in June, with amphipods, polychaetes, and echinoderms (mainly Asterias rubens) as
the most important contributors to these patterns. A temporal variation in the faunal assemblage also occurred. Species
abundance was significantly different between the sampling dates at 2, 6 and 10 m, but not at 15 m. The abundance was
higher in July and September than in June. Species with the highest observed differences in abundance were juvenile Aszerias
rubens, abundant in July, while juvenile shrimp, especially Thoralus cranchii, and some amphipods, especially Microdeutopus
spp., increased in abundance in September. This sampling approach was highly effective, and the high abundance and
diversity of the motile epifauna indicate that these species play an important role in hard-bottom communities.
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Introduction 1999; Ricketts et al. 1985). Subtidal areas have been
difficult to study until the advent of scuba, even
though some pioneering work has been carried out
(e.g. Gislén 1930). However, most studies have only

. pelagi d benthi Rockv sh included the sessile fauna (e.g. Svane & Grondahl
IEELEShI), PRALIC SR BCIGNG SRasges, . SOCEY sHunes 1988) or the sessile fauna in interaction with larger

and bottams are an 1mp.0rtant part af this CAviron- motile predators such as asteroids (e.g. Gulliksen &
ment and form a very diverse and complex habitat. Skjmveland 1973) and echinoids (e.g. Karlson
The hard substrates represent only a minor part (ca. 1978). The rocky bottom motile epifaunal commu-
1%) of all sea bottoms (e.g. Stromberg & Ganning nity has been more or less neglected, probably due to
1978), but in certain areas they are widespread and quantitative sampling problems. On the other hand,
of great importance. Along the northern half of the many studies have been performed on the motile
Swedish west coast, hard bottoms constitute a major epifauna in seagrass meadows and shallow bays

The coastal benthic zone is a highly productive
marine environment. Primary production is consid-
erable and nutrient enrichment originates from

part of the shoreline. (e.g. Pihl Baden & Pihl 1984; Person & Olafsson

The rocky intertidal zone has always caught the 1986; Edgar & Robertson 1992). These areas are
attention and interest of scientists, with extensive very productive and serve as nursery and feeding
studies focused on zonation and species interactions grounds for fish and motile invertebrates (e.g. Pihl &

(e.g. Colman 1933; Dayton 1971; Brattstrom 1980, Rosenberg 1982). Rocky bottoms may have a similar
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function; the epifauna may provide a potentially
important trophic link between fish and primary
producers, such as the host seaweed with its
associated periphyton. Murnioz & Ojeda (1998) also
sampled fish in rocky intertidal pools (Chile) and
demonstrated how important both sessile and motile
macrofauna are as food sources for fish assemblages.

Rocky bottom motile faunal investigations have
partly been restricted to those on macroalgae (e.g.
Wieser 1952; Hagerman 1966; Fenwick 1976; Edgar
1983a; Taylor & Cole 1994). A few studies (e.g.
Berggren 1994) have described basic patterns in the
distribution and abundance of the motile fauna,
especially concerning vertical and temporal varia-
tion.

The objective of the present study was to investi-
gate the abundance, composition and distribution of
the motile epifauna in time and space on a rocky
subtidal bottom. Emphasis was on the following
questions: (1) Is the described venturi type of
suction sampler a valuable tool for quantitative
sampling on rocky bottoms? (2) Does any vertical
zonation occur in the motile epifaunal community
on rocky bottoms in Gullmarsfjorden? (3) If there is
a zonation pattern, what are the causative factors
and what species show a zonation pattern? (4) Is it
possible to detect temporal differences in the motile
epifaunal community on rocky bottoms by using the
described technique?

Materials and methods
Study area

Gullmarsfjorden, with a sill depth of about 40 m and
a deep basin of about 119 m, is influenced by three
water masses, each with different origin and char-
acteristics (Svansson 1984). The upper layer has a
salinity of 18-309%, and is strongly influenced by
brackish water from the Baltic Current. This layer
has a mean thickness of about 15 m, but varies
considerably due to wind and barometric pressure.
The intermediate layer consists mainly of water from
the Skagerrak and the North Sea. This layer has a
salinity of 32-34%, and is found at a depth of 15—
50 m. The deepest water mass, with a salinity of
approximately 34.59 , is of Atlantic origin (Svansson
1984; Svansson & Hognestad 1985).

The study was performed at Gasklavan
(58°18.6'N 11°32.5'E), a semi-sheltered area in
the central part of the fjord, with a more or less
vertical rock wall extending to a depth of about 70 m
(Figure 1).

During the study period, the algal density was
high in the upper zone of the rock wall, but
decreased gradually with depth. Laminaria, and

NORWAY
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Figure 1. Location of the sampling site in Gullmarsfjorden on the
Swedish west coast. The dotted line represents the 100 m isobath.
KMRS =Kristineberg Marine Research Station.

more finely structured species, e.g. Ceramium,
occurred from the surface to approximately 3 m
depth. Filamentous green and red algae dominated
at about 6 m depth. Below 10 m depth the
vegetation was very sparse.

Sampling procedures

The motile macrofauna was sampled during daytime
on 19 June, 23—24 July and 23 September 1996. On
each occasion, four sites of vertical transects were
randomly chosen within a 30 m fixed horizontal
section along the rock wall. Samples were collected
at 2, 6, 10 and 15 m depth along each transect. In
total, 48 samples were collected during the study
period. Due to failure of the sampling gear, one of
the transects from 19 June had to be excluded.
The fauna was sampled quantitatively with a
“water jet” powered suction sampler. The suction
was induced by means of the venturi principle and
the sampler operated efficiently over the whole depth
scale. The venturi suction force is primarily created
by introducing a high flow of water at an angle (in
this case by means of an attached PVC pipe) into a
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larger diameter pipe. This creates a suction force on
one end of the large pipe, where a sampling hose is
attached, while a collecting device (net or sieve) is
attached at the other end. The sampling device was
powered by a high-pressure water pump (Honda
WH 15X) that delivered 400 I min ', on board a
small boat. A fine-meshed plankton net was attached
to the water intake to prevent collection of organisms
from the water column. The material was collected
by sampling inside a PVC cylinder enclosing an area
of 0.1 m?. The top of the cylinder had a ca. 10 cm
wide hole centrally located. It was covered by a
flexible rubber sealant with a 5 cm diameter hole.
The sampling pipe was placed through this hole to
sample the 0.1 m? area. It was possible to observe
the sampling area through two Plexiglass windows
attached to the upper end of the cylinder. An
underwater flashlight was also attached on the inside
of the cylinder to illuminate the sampling area.

During sampling, the cylinder was placed against
the rock wall and the sampling pipe was repeatedly
swept over the entire surface. Each area was sampled
for 3 min and all the material was collected into a 1
mm sieve. To prevent fragile animals from being
damaged, the sieve was partially submerged in
seawater.

All samples were preserved in 4% buffered form-
aldehyde. The animals were sorted under a dissect-
ing microscope, identified to the lowest possible
taxon, and the number of each taxon was recorded.

The efficiency of the suction sampler was tested
on 23 September 1996. Regular sampling was
performed at 6 m depth for 3 min. The sampling
cylinder was kept at the same spot, which was then
sampled for an additional 3 min with the material
collected into another sieve.

The software Statecol (Ludwig & Reynolds 1988)
was used for the descriptive statistics. Diversity was
expressed by using the Shannon—Wiener index and
evenness was calculated using Hill’s modified ratio
E5 (Alatalo 1981). Species richness was expressed as
the average number of species per 0.1 m” on each
sampling occasion and at each depth (in June n =3,
in July and September n =4).

Multivariate techniques were used to examine
similarities and dissimilarities between samples
with the software package PRIMER 4.0 (Clarke &
Warwick 1994; Carr 1996). Abundance data were
fourth root transformed in order to decrease the
influence of dominating species (Field et al. 1982)
and a similarity matrix involving all species was
constructed using the Bray—Curtis index. This
matrix was used for non-metric multidimensional
scaling (MDS) analyses. Analysis of similarity (AN-
OSIM) was used to calculate significance levels, and
similarity percentages (SIMPER) were used to

determine which species were responsible for the
observed differences.

Results

The sampling efficiency by this device was very
high, indicated by the fact that almost all individuals
were collected during the first 3 min of sampling
(Table I). After the first 3 min, 377 individuals (24
species) were recorded and seven individuals (two
species) were recorded after the additional 3 min
period. No new species were recorded after the
additional 3 min and 98.2% of the individuals were
collected during the first 3 min.

In total, 53 taxa were recorded during the entire
sampling period, of which 29 were present on all
sampling dates. Thirty-six taxa were found in June,
42 in July and 44 in September (Table II).

Molluscs dominated in June (Figure 2), particu-
larly the gastropod Bitrium reticularum (daCosta), at
all depths, except at 2 m where crustaceans (mainly
the amphipod Corophium insidiosum Crawford) were
the most abundant group. Polychaetes and echino-
derms were also found, but in lower numbers. In
June, the abundance was comparatively low among
all groups at 15 m.

The abundance was generally higher in July than
in June (especially at 2 and 6 m), with an increase in
echinoderms (mainly juvenile Aszerias rubens), crus-
taceans, and polychaetes. However, the overall
abundance at 15 m was still low.

The total abundance was slightly lower in Sep-
tember than in July, but with no significant change at
15 m. The echinoderms decreased between July and
September at all depths except at 15 m, while the
crustaceans increased in abundance at 2 and 6 m.

The Shannon—Wiener diversity index (Figure 3a)
indicated that diversity increased during the sam-
pling period at 2 and 6 m and reached its maximum
in September. At 10 and 15 m the difference in
diversity was less pronounced between sampling
dates. Diversity increased with depth in June, but
decreased with depth in September. In July, diversity
was relatively constant with depth, except at 2m
where the value was very low.

Evenness (Figure 3b) was stable at 2 m, but varied
increasingly with depth. The difference between the
replicates was also very high at 15 m in June and
July. Species richness increased during the sampling
period at 2 and 6 m (Figure 3c), while the temporal
variation was low at 10 and 15 m.

The MDS ordinations to elucidate possible zona-
tion on the different sampling occasions all had
stress values for the two-dimensional solutions low
enough for a satisfactory representation (Figure 4).
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Table 1. Efficiency of the suction sampler. The number of taxa after an ordinary sampling and after an additional 3 min sampling at the

same spot.

Taxa Number after 3 min

Number after an additional 3 min

Asterias rubens 20
Athanas nitescens 3
Buttium reticulatum 133

[39)

Carcinus maenas
Corophium insidiosum
Dexamine spinosa

— o
&

Harmothoe imbricata
Harmothoe impar
Kefersteinia cirrata
Lepidonotus squamatus
Macropodia rostrata
Microdeutopus anomalus
Microdeutopus gryllotalpa
Microdeutopus propinguus
Nereidae juv.

Nereimyra punctata
Nereis pelagica

v o
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Omnoba semicostata
Pallene brevirostris
Pholoe inornata
Phtisica marina

—

Phyllodoce maculata
Psammechinus miliaris
Thoralus cranchii juv.
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In June, pairwise tests in ANOSIM showed no
significant differences between the four depths, but a
tendency towards zonation could be detected be-
tween the two shallower and the two deeper levels.
However, in July there was a significant difference
(P <0.03) between all depth intervals, except be-
tween 10 and 15 m. The same pattern was recorded
in September, all depth intervals were clearly sepa-
rated (P <0.03), except 10 and 15m. Thus, a
vertical zonation did develop in the motile epifaunal
community during the summer and it was clearly
discernible in July and September, but there was no
distinct separation between the two deeper levels.

In July, the high abundance at 6 m contributed
greatly to the average dissimilarities between depths.
Species that contributed the most (>6%) to the
differences were the amphipods Microdeutopus pro-
pinquus* G. O. Sars, M. gryllotalpa daCosta, and C.
msidiosum, the echinoderm A. rubens, and the
polychaetes Kefersteinia cirrata (Keferstein) and
Phyllodoce maculata Fauvel (Table III).

In September, the differences between depths
were mostly impacted by abundances at the shallow

depths. Species that had the highest impact ( >6%)
on the observed differences were M. anomalus*
(Rathke) and M. gryllotalpa (Table III).

The MDS plots concerning temporal variation at
all depths (Figure 5) all had low stress values for the
two-dimensional solutions, indicating a satisfactory
representation. All replicates were grouped together
at all depths, except at 15 m, and according to the
ANOSIM, all the groups at 2, 6 and 10 m were
significantly (P <0.03) separated from each other,
indicating that the community underwent a signifi-
cant temporal change. At the deepest level, the
change over time was less obvious, but there was
a significant (P <0.03) difference between the first
(June) and the last (September) sampling occasion.

In general, the abundance was higher in July
and September than in June, which was caused
by an increase in the number of both individuals and
species. The starfish A. rubens contributed signifi-
cantly to the temporal difference and so did the
shrimp Thoralus cranchii (Ll.each). The polychaete P2
maculata and the amphipod M. propingquus occur-
red mainly in July and September. Microdeutopus

" Taxonomical remark: there exists some uncertainty whether the amphipods Microdeutopus anomalus and M. propinquus are separate
species or if they should be regarded as one species. Sars (1890) treated them, with some hesitation, as two species, as did Oldevig (1933)
and Dahl (1948). Myers (1969) and Hansson (1994) dealt with them as synonyms, while Enequist (1949) did not express a definite
opinion. Some consistent differences in character were observed from the material of this study and they were therefore treated as two
species here. Adult females with eggs (from both species) have occurred at the same time and have shown a distinct difference in size and in
the number of joints on the accessory flagellum. The collected males also differed in size, in the appearance of the anterior gnathopod and in

the number of joints on the accessory flagellum.
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Table II. Taxa found on the three sampling occasions.

Mollusca
. b
Alvania punctura®
- . b
Bittium reticulatum®

C
C

Brachystomia eulimoides™*

Elysia viridis®
Lacuna parva®
Littorina sp. juv.>
Onchidoris muricata®
Onoba semicostata™®
Polyplacophora®™®
Rissoa parva®*
Rissoa porifera”

Triphora adversa™-

Crustacea

Athanas nitescens®
Calliopius rathker®
Caprella linearis™
Carcinus maenas®®
Corophium insidiosum™*
Dexamine spinosa®
Macropodia rostrara*
Microdeutopus anomalus™©
Microdeutopus gryllotalpa™©
Microdeutopus propinguus®
Munna minuza®®

Phtisica marina®®
abc

Thoralus cranchii
Tiryphosa sarsi®

Echinodermata
Asterias rubens®®®
Ophiopholis aculeara™
Ophiura sp.*°

Psammechinus miliaris*®

Polychaeta

Autolytus sp. juv.®
Capitella sp.™
Caulleriella sp. juv.®
Cirratulus cirratus®™®
Dodecaceria concharum®*
Eulalia viridis™*
Harmothoe imbricata®®

Harmothoe impar™®

Kefersteinia cirrata™®
Lepidonotus squamatus®
Nereidae juv.®®°
Nereimyra punctata®™©
Nereis pelagica™®
Pherusa flabellata®
Pholoe tnornata™
Phyllodoce maculata®™®
Platynereis dumerilii®®
Sphaerosyllis sp. juv.®
Spio filicornis*™®*
Thelepus cincinnatus®

Varia

Pallene brevirostris®®
Pholis gunellus®
Turbellaria®

une; ®July; “September.

gryllotalpa  and M. anomalus were found on
each sampling date, but dominated in September
(Figure 6).
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Figure 2. Mean abundance of taxonomic groups, expressed as
individuals per 0.1 m?. The error bars represent+standard error
values.

Discussion

The suction sampler presented here, collecting
98.2% of all individuals within 3 min, proved to be
highly efficient and reliable. The suction force was
also significant, which probably made it possible to
sample individuals hiding in crevices and among
dense algae, in contrast to sampling by means of, e.g.
dip nets and dredges. However, the study was only
performed during daylight hours and over a limited
period of time. Nocturnal migration among epi-
fauna has also been reported, and night sampling
would probably suggest different zonation patterns.
Howard (1987) showed that many seagrass-inhabit-
ing crustaceans perform diel migration between the
sediment surface and the seagrass canopy. Other
studies (e.g. Robertson & Howard 1978) also
indicate that amphipods, isopods, and polychaetes
associated with seagrass beds spend some time in the
water column at night.

The results from our study showed that vertical
zonation was hard to detect in June, even though a
tendency towards zonation between the two shal-
lower and the two deeper strata could be detected,
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Figure 3. a) Diversity (Shannon-Wiener index), b) evenness
expressed by Hill’s modified ratio E5, and c¢) species richness as
average number of species per 0.1 m?. (In June n =3, in July and
September n =4 ).

whereas there was a clear zonation pattern in July
and September.

Zonation may be caused by a number of factors,
one of the most important is probably substrate.
Many animals are associated with specific algae. A
zonation pattern among algae would most likely
reflect a zonation pattern in the motile fauna (e.g.
Berggren 1993, 1994). Laboratory experiments have
also indicated that the distribution of phytal amphi-
pods results from both predation and algal selection
(Edgar 1983b). The morphology of the algae may
affect the habitat selection of animals; plants with a
fine structure may provide more food in the form of
periphyton because of the greater surface area per
wet weight and better refuge from predation (Taylor
& Cole 1994). Many amphipods use plants as an
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Figure 4. Multi dimensional scaling (MDS) of the zonation
pattern in June, July and September. Each point represents one
replicate and one depth.

attachment point to avoid being dislodged by water
movement. Structural complex plants increase the
opportunities for attachment (Johnson & Scheibling
1987). Algae with wide thalli (e.g. Laminaria and
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Table ITII. SIMPER results: the three species that contributed the most (as a percentage) to the total dissimilarity between depths where
significant ( <0.05) differences occurred. Species depth preference (highest abundance) is also presented.

Compared sites Species % Highest abundance
July 2 and 6 m Microdeutopus propinguus 8.3 6 m
Kefersteinia cirrata 7.0 6 m
Phyllodoce maculata 6.1 6 m
July 2 and 10 m Microdeutopus propinguus 11.2 10 m
Phyllodoce maculata 6.4 10 m
Onoba semicostata 5:5 10 m
July 2 and 15 m Asterias rubens 8.4 2m
Microdeutopus propinquus 6.2 15 m
Corophium insidiosum 5.3 2m
July 6 and 10 m Kefersteinia cirrata 8.3 6 m
Microdeutopus gryllotalpa 8.2 6 m
Triphora adversa 5:1 10 m
July 6 and 15 m Corophium insidiosum 6.8 6 m
Asterias rubens 6.4 6 m
Kefersteinia cirrata 6.3 6 m
September 2 and 6 m Microdeutopus anomalus 6.3 6 m
Microdeutopus propinquus 5.2 6 m
Onchidoris muricata 4.8 2m
September 2 and 10 m Microdeutopus grylloralpa 5.1 2m
Harmothoe imbricata 4.9 2m
Litrorina sp. 4.1 2m
September 2 and 15 m Dexamine spinosa 4.9 2m
Microdeutopus gryllotalpa 4.8 2m
Asterias rubens 4.7 2m
September 6 and 10 m Microdeutopus gryllotalpa 6.8 6 m
Dexamine spinosa 4.6 6 m
Kefersteinia cirrata 4.5 6 m
September 6 and 15 m Microdeutopus gryllotalpa 6.3 6 m
Dexamine spinosa 5.8 6 m
Nereis pelagica 4.9 6 m

Ulva) occurred more numerously at 2 m depth than
at other depths within the study area. These algae
are neither easy to cling to, nor do they provide good
shelter against predators. These factors may have
contributed to the high abundances that were
recorded at 6 m, where more finely structured algae
dominated.

According to Edgar (1983a), changes in the
phytal fauna with depth are probably also related
to differences in water movement. For example,
suspension-feeding amphipods (e.g. C. insidiosum)
are more abundant where water currents are stron-
ger (Fenwick 1976), and concentrations of sus-
pended material are higher (Sheader 1978), i.e. in
the upper zone. Krapp-Schickel (1993) has de-
scribed how water movement is a very important
factor regulating the zonation patterns of amphi-
pods. For example, species inhabiting the splash
zone are excellent swimmers, while the conditions
on deep water favours tube-building species. The
more pronounced settling of particles in the lower

zone allows for increased numbers of detritivores,
e.g. B. reticulatum. According to Graham (1988),
this gastropod feeds primarily on detritus. However,
in this study, B. reticulatrum was found to be most
abundant at 2 and 6 m depths, most likely more
exposed to wave action and therefore with low
detritus accumulation.

The recruitment of animals to certain depths may
contribute to the zonation patterns as well. Devel-
opment in almost all amphipods is direct and the
juveniles are usually released directly into the same
environment as the parent generation (e.g. Steele &
Steele 1991). This may contribute to continuous
zonation if the parents are limited to certain areas.
The recruitment of animals with planktonic larvae to
different depths may be due to larval response to,
e.g. photo- and geotaxis. Juvenile A. rubens occurred
mainly at shallow sites. They feed carnivorously
immediately after completion of metamorphosis
(Barker & Nichols 1983). The small starfish feeds
primarily on young blue mussels, Mynlus edulis L.
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Figure 5. Multi dimensional scaling (MDS) ordination of temporal variation. Each point represents one replicate and one sampling

occasion at the different depths.

(Mortensen 1924), which are abundant among algae
and hydroids in shallow areas (Jensen & Spirck
1934).

The more diffuse zonation patterns at 10 and 15
m depth may be due to a more uniform environ-
ment, which does not stimulate zonation. The
substrate at the two deep levels differed from the
two shallow ones. Below 10 m the bottom became
more homogeneous with respect to the composition
and density of both sessile fauna and algae. Very few
algae were recorded at 10 and 15 m.

The thermo- and haloclines are generally found
between 10 and 15 m, and variations in salinity and
temperature are less pronounced below this level,
which may lead to a more stable environment
(Svansson 1984; Svansson & Hognestad 1985).
Wave action was not a factor on deeper water,
contributing to more stable conditions.

The reason why the zonation pattern was more
conspicuous later in the study period may be
explained by the fact that the community probably
had time for development. Many species that
recruited early during the study period had a limited
vertical distribution. When their abundance in-

creased, the zonation of the total fauna became
more prominent.

The epifaunal community changed with time at all
depths, but at 15 m the variation was limited. A
significant difference was only recorded at this depth
between June and September. Both Shannon-—
Wiener diversity and species richness increased
clearly with time at the two shallow depths (2
and 6 m), while evenness values remained rather
constant. This indicates that the ratio between
the number of species and individuals did not
change considerably. One major reason for these
changes when comparing June and July was the
increased number of juvenile starfish, A. rubens.
Juveniles also occurred in September but in lower
numbers. They were most abundant at 2 and 6 m,
but also occurred sparsely at deeper levels. Barker &
Nichols (1983) found that juvenile A. rubens
settled in late June or early July and that small
numbers of starfish continued to settle in August
and September. The decrease in number of star-
fish in September was probably due to juvenile
mortality and, to some extent, migration out of the
sampling area.
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Figure 6. Abundance (individuals per 0.1 m?) of the species responsible for the main ( >6%) temporal variation according to the SIMPER

analyses. The error bars represent+standard error values.

Crustaceans showed a clear temporal change.
Juvenile shrimp, 7. cranchii and Athanas nitescens
(Leach), were fairly numerous in September. These
were also more common at shallow depths. Accord-
ing to Berggren (1994) both 7. cranchii and A.
nitescens are mostly found in shallow water ( <8 m).
The abundance and number of species of the
amphipods also increased during the study
period with a peak in September, except C. nsidio-
sum, which was rather stable. Other studies (e.g.

Hagerman 1966) have reported a rather stable
occurrence of this species throughout the year.
Mature females with eggs were observed on all
sampling occasions, and according to Sheader
(1978), C. insidiosum breed throughout the year
except in November and December.

Opisthobranchs such as Onchidoris  muricata
(Muiller) and Elysia viridis (Montagu) also contrib-
uted to the temporal variation as they occurred only
in September.
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No significant temporal community change was
recorded at 15 m. Diversity, evenness and species
richness showed rather consistent values at this
depth during the sampling period. As discussed
earlier, the community at the deepest level was
most likely exposed to a more stable environment.
Temporal variation was mainly caused by the re-
cruitment of individuals of already existing species
and of the occurrence of new species.
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