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Abstract Polychaetes inhabiting 12 different hard
bottom habitats were studied. A total of 157 species
belonging to 32 families were identified. Differences
among habitats in polychaete density, species rich-
ness, and diversity were analysed, as well as the rela-
tionships between these ecological indices and depth
range, slope and in-bay/out-bay gradient. A high fau-
nal homogeneity was found: all biotopes were domi-
nated by a low number of eurytopic species. Intertidal
habitats and subtidal ones with scarce algal cover
were typified by vagile polychaetes (syllids, nereids),
while sessile polychaetes (serpulids, sabellids)
appeared typically among subtidal large macrophytes,
habitats with a calcareous substrate and shaded habi-
tats. Multivariate analyses showed that habitat com-
plexity, determined by physical disturbance, is the
main structuring factor for polychaete populations.
Biotopes with the highest structural complexity dis-
played a high number of companion species increas-
ing ecological indices and denoting a well-structured
habitat. On the other hand, communities such as those
in the upper intertidal, mainly controlled by physical
environmental variables, showed a poorer polychaete
fauna, dominated by ubiquitous species and a few
well-adapted specialists.
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Introduction

Shallow rocky ecosystems provide a great variety of
habitats suitable for polychaetes, which are often one
of the dominant taxa there (e.g., Bianchi and Morri
1985; Giangrande 1988). In the littoral rocky bottoms
of the Santander Bay (Fig. 1), hydrodynamic and topo-
graphic variables produce a patchy distribution of ben-
thic macrohabitats (Garcia-Castrillo et al. 2000). Tidal
rhythms generate harsh conditions, with barnacles and
turf algae being the only organisms able to establish
three-dimensional biotopes in the intertidal (Puente
2000). In the subtidal, sedimentation is the key factor
conditioning the different habitats, as it simplifies the
macrophytic coverage by decreasing the vertical strati-
fication and replacing canopy algae by crustose and
turf types (Gorostiaga and Diez 1996). Because of this,
turf-forming algae monopolize subtidal localities of
high luminosity and siltation. Polychaete responses to
environmental changes are diverse. Polychaetes are
soft-bodied organisms with low resistance to desicca-
tion and sand abrasion (Serrano 2002). Mobile poly-
chaetes can behaviourally avoid environmental stress.
However, since most vagile polychaetes are medium-
or small-sized organisms with low motility at macro-
habitat scale, they rely on the existence of microhabi-
tats or “refuges” in harsh areas or during periods of
environmental stress to survive (Bailey-Brock et al.
1980). Conversely, the distribution of sessile polychaetes
is much more dependent on environmental conditions,
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Fig. 1 Map of Santander Bay (Cantabrian Sea, North-Atlantic
coast of Spain) showing the three sampling sites: H/ Horadada Is-
land, MP Magdalena Peninsula, and MI Mouro Island

and morphological as well as physiological adaptations
are necessary to avoid stress situations.

Well-structured macrophytic habitats are located far
from environmental extremes, i.e., in the study area, on
horizontal surfaces with low sedimentation rates. Cal-
careous encrusting algae are relatively abundant in
environments of low light intensity and sedimentation
rates, and are hence common underneath macroalgae
(Connell 2003). Finally, invertebrate assemblages dom-
inate shaded environments on higher slope surfaces
(Preciado and Maldonado 2005), where competition
with macroalgae and siltation are limited (Moore
1977).

Patchiness in macrohabitat distribution sometimes
generates parallel distributions of associated popula-
tions. On the other hand, taxa may perceive environ-
mental variability at different scales, thus exhibiting
patterns of distribution, which do not match that of
macrohabitats. The aim of the present work was to elu-
cidate if polychaete spatial distribution matches the
patchy distribution of benthic habitats, and to deter-
mine the main factors structuring polychaete popula-
tions in shallow rocky habitats. We examined patterns
of polychaete spatial distribution along depth, slope,
and in-bay/out-bay gradients in littoral rocky habitats
of the Atlantic coast of northern Spain.

Methods

The study was carried out at three different sites:
Mouro Island (MI, number of quadrants (n) =294),
Magdalena Peninsula (MP, n=29), and Horadada
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Island (HI, n = 34), located outside, at the entrance,
and inside of the Bay of Santander (Atlantic coast of
northern Spain; Fig. 1), respectively. Rocky bottoms
reach 20 m of depth at MI, 10 m at MP, and 5 m at HI;
below these depths the bottom is completely covered
by sand deposits. The underwater topography at MI
consists mostly of large boulders with deep vertical
walls forming an intricate system of narrow channels.
At MP the seascape is a large rocky platform with a
moderate slope heading offshore. Finally, at HI the
bottom is characterized by horizontal surfaces, with
vertical walls extending from the sides of the island. M1
and MP are highly exposed to wave action, while HI is
sheltered from direct wave action but affected by
strong tidal currents (Castillejo et al. 1984). At MI the
presence of silt is confined to the bottom of the chan-
nels, whereas at MP and HI sedimentation is intense all
over the bottom surface.

The benthic assemblages found in the study area
were defined in previous studies (Garcia-Castrillo
et al. 2000; Puente 2000) relating to tidal level, algal
coverage, and especially, to the presence of a basal
encrusting layer of Mesophyllum lichenoides. We
grouped these communities into 12 different “habi-
tats” following previous general studies on the poly-
chaete fauna of the area (Serrano 2002). Hence, we
considered three intertidal habitats: barnacles domi-
nated by Chthamalus stellatus (BAR, n =5), the alga
Corallina elongata (COR, n = 37) and the lower inter-
tidal (LIA, n =16) grouping Bifurcaria bifurcata and
Codium tomentosum assemblages. Another four habi-
tats were characterized as subtidal without Mesophy!-
lum lichenoides substratum: two animal-based habitats
without algal cover, Anemonia viridis beds (ANE,
n =3) and Sabellaria spinulosa “reefs” (SAB, n =2); a
seasonal small-sized algae habitat (SSA, n=22)
grouping communities dominated by several species
(Aglaothamnion sp., Asparagopsis armata, Falkenber-
gia rufolanosa, Dictyopteris polypodioides, Dictyota
dichotoma); and a macroalgae habitat dominated by
Cystoseira baccata (CYS, n =20). These four habitats
showed a high siltation-resilience, and were located in
rock-sand ecotones. Additionally, there were four sub-
tidal habitats with Mesophyllum substrate: Laminaria
ochroleuca (LAM, n=48), Gelidium sesquipedale
(GEL, n=139), a “small red algae” habitat (SRA,
n=17) co-dominated by Calliblepharis ciliata and
Pterosiphonia complanata, and a Mesophyllum
lichenoides community without macroalgal cover
(MES, n=7). Finally, shaded walls, overhangs, and
caves were grouped in a sciophilous habitat category
(SCI, n=141), dominated by macrofauna, mostly
sponges and cnidarians.
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Sampling was conducted by Scuba diving. A total of
357 random quadrats were scraped, collecting all fauna
and flora within them. We used 625 cm? sampling quad-
rats, except in the LAM community, where quadrats of
2,500 cm? were used. For further statistical analyses,
abundance values were calculated as ind m 2.

Differences in polychaete density (average number
of individuals m~2), species richness (average species
number per quadrat) and Shannon-Wiener diversity
were examined in relation to depth level, substrate
inclination, site, and habitats, using a Kruskal-Wallis
one way ANOVA on ranks. When significant differ-
ences were detected, pairwise “a posteriori” Dunn’s
tests were run to identify the groups responsible for
such differences. We considered five depth ranges: —5
toOm, 0to5m,5to10m, 10 to 15 m, 15 to 20 m; and
four substrate inclination semiquantitative ranges: hor-
izontal to subhorizontal surfaces (HOR, substrata
angling 0°—45°), vertical to subvertical walls (WVS,
46°-90°), overhangs (OVH, 91°-135°), and ceilings
(CEI, 136°-180°). Sites and habitats were defined as
specified above in this section. “Habitat complexity”
and “physical disturbance” are concepts used along the
text. McCoy and Bell (1991) stated that “habitat com-
plexity” encompasses the absolute abundance of habi-
tat structural components and the relative abundances
of different habitat structural components. Thereby,
the total abundance of structural species (algae and
sponges in photophilous and sciophilous environments,
respectively) was used in some analyses. In addition,
Laminaria thizoids, Mesophyllum basal stratum and
three-dimensional sponges are considered as habitat
structural components. Regarding physical distur-
bance, intertidal conditions and sand burial and abra-
sion have been considered as the main sources of stress
(Sousa 2001). Following these criteria, habitats have
been classified as follows: high habitat complexity and
low physical disturbance (LAM, GEL, SCI), medium
habitat complexity and physical disturbance (SRA,
COR, CYS, MES, SAB), and low habitat complexity
and high physical disturbance (BAR, ANE, LIA,
SSA).

To cluster habitat-site groups based on polychaete
fauna, Bray—Curtis pair-wise faunal similarities
between groups were calculated using log-transformed
abundances, and the distance matrix was then pro-
cessed using the UPGMA algorithm. SIMPER analy-
ses were also run to identify the main polychaete
species responsible for dissimilarities between habitat-
site groups. We used a redundancy analysis (RDA) to
assess the amount of variation in polychaete densities
per quadrat in relation to a set of environmental fac-
tors. The set of variables included depth, substrate

inclination, site, and habitat. Sponge and algal abun-
dance (both calculated as wet weight per quadrat) were
also included, as indicators of a darkness/light affinity
gradient and also as a habitat complexity measure (see
above). Density data were log-transformed to diminish
the effect of uneven density distributions and rare taxa.
The Monte-Carlo test was used to test the statistical
significance of the first and all canonical axes together
using 999 permutations under the reduced model.
RDA results were represented graphically in two bi-
dimensional ordinations generated by bi-plot scaling,
focusing on inter-species distances, and representing
species and samples by points and environmental vari-
ables by vectors.

Results
General faunal patterns

About 25,500 polychaetes (colonial Filograna implexa
excluded) were collected and ascribed to 157 species
belonging to 32 families (Table 1). We found polychae-
tes in 356 (99.7%) out of 357 samples. The most fre-
quent family was Syllidae, which was found in 92% of
the samples. Regarding species richness, Syllidae was
also the best-represented family with 39 species and a
mean richness of 4.3 species/sample. Other families
with high species numbers were Serpulidae (15 species,
2.4 species/sample), Sabellidae (13, 0.8), Phyllodocidae
(10, 1.3), Nereididae (10, 0.9), and Eunicidae (5, 1.29).
Serpulidae was the numerically dominant family with
3,579.9 ind m~2 and 81.9% of the total number of indi-
vidual sampled, while Syllidae and Spirorbidae con-
tributed to total polychaete density with 224.7 and
173.8 ind m 2, respectively, i.e., 18.9 and 14.6% of the
individuals sampled.

Table 2 shows a high level of population overlap-
ping across the different habitats, with a few species
dominating a wide range of habitats. Nevertheless,
some autoecological trends could be described. The
colonial serpulid Filograna implexa dominated most
habitats, except the upper and middle intertidal. The
nereid Platynereis dumerilii dominated all intertidal
communities, except for the upper intertidal domi-
nated by barnacles (BAL), and shallow subtidal habi-
tats with scarce (SSA) or without algal cover (ANE).
The serpulid Spirobranchus polytrema dominated
subtidal habitats with large algae, habitats with cal-
careous substrate and shaded habitats. The syllid Syl-
lis gracilis was abundant in most habitats, denoting its
wide environmental range, while Serpula concharum
appeared as a companion species of S. polytrema in
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Table 2 Species with high densities (ind m ™) in the 12 habitats studied

Barnacles (BAR) Corallina (COR) Lower intertidal algae (LIA)
Pomatoceros lamarckii 40.0 Platynereis dumerilii 245.7 Filograna implexa 198.8
Syllis gracilis 23.2 Syllis gracilis 112.9 Platynereis dumerilii 87.4
Amphicorina pectinata 20.0 Syllis prolifera 77.0 Janua pagenstecheri 45.0
Eulalia viridis 20.0 Sphaerosyllis pirifera 41.5 Pileolaria militaris 37.0
Odontosyllis ctenostoma 20.0 Syllis amica 21.9 Syllis variegata 30.3
Syllis amica 20.0 Eulalia viridis 16.9 Psudopotamill. reniformis 27.0

Small-sized algae (SSA) Sabellaria reef (SAB) Anemonia (ANE)

Filograna implexa 243.6 Sabellaria spinulosa 450.0 Filograna implexa 506.7
Platynereis dumerilii 92.0 Spirobranchus polytrema 64.0 Platynereis dumerilii 42.7
Spirobranchus polytrema 52.0 Eulalia tripunctata 40.0 Syllis armillaris 37.3
Neanthes irrorata 45.6 Pomatoceros triqueter 40.0 Lysidice ninetta 32.0
Serpula concharum 332 Marphysa fallax 16.0 Sphaerosyllis pirifera 32.0
Lysidice ninetta 26.9 Syllis variegata 16.0 Syllis variegata 32.0
Cystoseira (CYS) Mesophyllum (MES) Small red algae (SRA)

Filograna implexa 108.0 Filograna implexa 5234.3 Filograna implexa 734.1
Spirobranchus polytrema 53.4 Pileolaria militaris 205.7 Sabellaria spinulosa 158.8
Pileolaria militaris 45.2 Sabellaria spinulosa 123.4 Spirobranchus polytrema 155.8
Syllis armillaris 24.0 Serpula concharum 114.3 Serpula concharum 136.0
Serpula concharum 20.8 Syllis armillaris 107.4 Pomatoceros lamarckii 73.4
Sabellaria spinulosa 17.4 Lysidice ninetta 89.1 Syllis armillaris 67.8

Gelidium (GEL) Laminaria (LAM) Sciophilous (SCT)

Filograna implexa 1186.7 Spirobranchus polytrema 246.2 Filograna implexa 7235.7
Spirobranchus polytrema 155.2 Filograna implexa 149.8 Protolaeospira striata 389.2
Serpula concharum 120.0 Lysidice ninetta 119.7 Spirobranchus polytrema 328.0
Syllis armillaris 53.3 Serpula concharum 112.5 Serpula massiliensis 191.0
Lysidice ninetta 46.7 Syllis armillaris 103.2 Amphicorina pectinata 114.4
Syllis gracilis 345 Pomatoceros triqueter 532 Phyllochaetop. socialis 92.8

calcareous habitats. The spirorbid Protolaeospira
striata was predominant in SCI, and the same
occurred with the microsabellid Amphicorina pecti-
nata though this species was less abundant. Syllis
armillaris was a dominant species in habitats with
large macroalgae (LAM, GEL, CYS), and also in
SRA, MES and ANE. Lysidice ninetta was found in
photophilous subtidal habitats. Sabellaria spinulosa
typified the community made by its tubes (SAB), and
was also abundant in SRA, CYS, and MES. Finally,
Pomatoceros lamarckii was the most abundant spe-
cies in the upper intertidal (BAL).

All habitats presented a narrow range of dominant
species (6-17), with only slight differences among them
(Fig. 2). On the contrary, high differences appeared
regarding rare species (0 in BAR and SAB vs 124 in
SCI, and 87 in LAM), following a pattern related with
habitat complexity. There was a decrease in the num-
ber of non-dominant species from more complex habi-
tats (SCI, LAM, GEL) to simpler ones (habitats
without algal cover as the upper intertidal, SAB or
ANE). Therefore, differences in richness and diversity
are due to rare species which occur in complex habitats
and are excluded from less complex ones, although
part of these results might be attributed to the different
number of samples between habitats.
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Fig. 2 Total species richness by habitat, with the percentage of
non-dominant versus dominant species. Species with abundance
values of more than 1% of the total abundance per habitat were
considered dominant. For abbreviations, see Methods

Polychaete distribution patterns along environmental
gradients

Depth correlated positively with species richness
(¥ =0.033; P=0.0005) and diversity (> =0.037;
P =0.0002). However, this relationship was extremely
weak. More marked effects became evident when eco-
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logical indices for different depth strata were compared
(Fig. 3). Polychaete density, species richness and diver-
sity in the 5-10 m stratum were significantly higher
than in the intertidal (=5 to O m) and the deep (15—
20 m) stratum. Furthermore, density and richness (but
not diversity) were significantly higher in the 10-15 m
than in the 15-20 m stratum. Ultimately, polychaete
species richness and diversity (but not density) were
significantly higher in the 10-15 m than in the —5 to
0 m stratum.
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Fig. 3 Polychaete density, species richness, and diversity (H')
per quadrat for the different depth levels. Bars represent
means + SD values. Uppercase letters (A-E) refer to mean values
arranged in descending order. Groups of underlined letters indi-
cate non-significant differences between pairs of means according
to “a posteriori” Dunn’s tests following a significant Kruskal—-
Wallis ANOVA on ranks

With respect to substrate inclination, significant
differences were found only in density (Fig. 4). Ceilings
had significantly higher densities than horizontal sur-
faces and vertical walls, and overhangs had signifi-
cantly higher densities than horizontal surfaces.

We found no significant between-site differences in
polychaete density, species richness or diversity (figure
not shown). Nevertheless, some differences appeared
in between-habitat comparisons (Fig.5), although
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Fig. 4 Polychaete density, species richness, and diversity (H')
per quadrat for the different semiquantitative levels of substrate
inclination. Uppercase letters refer to median values arranged in
descending order. Groups of underlined letters indicate non-sig-
nificant differences between pairs of means according to “a poste-
riori” Dunn’s tests following a significant Kruskal-Wallis
ANOVA on ranks. For abbreviations, see Methods
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lined letters indicate non-significant differences between pairs of
means according to “a posteriori” Dunn’s tests following a signifi-
cant Kruskal-Wallis ANOVA on ranks. Asterisks indicate under-
sampled habitats that were not considered in the statistical analy-
ses. For abbreviations, see Methods

many habitats did not differ significantly from one
another. LAM presented the highest and intertidal
habitats the lowest indices. SCI showed high-density
indices and medium richness and diversity indices; it
differed significantly from other habitats only in den-
sity. This pattern was due to the dominance of a few
serpulid species. COR showed a higher polychaete
density than the rest of the intertidal habitats, but did
not differ significantly from those in richness and diver-
sity. The tangled structure of the Corallina blades pre-
vents desiccation and provides shelter from predation,
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allowing the presence of higher numbers of some inter-
tidal or ubiquitous species.

Faunal affinities between habitat-site groups

The cluster analysis between habitat-site groups
(Fig. 6) showed a habitat-depth pattern of grouping,
independent of site, where intertidal environment, the
lack of a basal calcareous substrate of Mesophyllum
lichenoides, and sciophilous conditions appeared as the
main discriminating factors. The main groups appear-
ing in the cluster are in order of discrimination: upper
intertidal (group I), middle and lower intertidal (group
II), shallow subtidal without Mesophyllum (group III),
subtidal deeper than 5 m without Mesophyllum (group
IV), and subtidal with Mesophyllum, and shaded habi-
tats (group V). The SIMPER analysis between these
major groups (Table 3) showed how this discrimination
follows the appearance of vagile polychaetes (syllids,
nereids) typically in groups I-III, sessile polychaetes
(serpulids, sabellids) in group V, group IV being a tran-
sition group between the two others. Intertidal groups
are typified by vagile polychaetes of wide ecological
spectrum (S. gracilis, P. dumerilii, Syllis variegata), or
of intertidal preference (S. amica, Odontosyllis ctenos-
toma). The SAB habitat is the first subtidal habitat,
which is separated from the rest, due to the higher den-
sity of SAB a scarce species in the other habitats. Sub-
tidal habitats clustering together follow a mixed
pattern of depth (with a boundary around 5 m) and
habitat type, the presence of a Mesophyllum stratum
and shaded surfaces being of particular importance.
Shallow habitats without a calcareous substrate are
typified by the nereid P. dumerilii, as are the middle
and lower intertidal, together with other vagile poly-
chaetes. The density of serpuloids and other tube-
building polychaetes is lower in these habitats than in
the rest of the subtidal environments. The last dichot-
omy forms two groups, one consisting of subtidal habi-
tats without Mesophyllum and deeper than 5 m, and
another one consisting of a mixture of shaded habitats
and habitats with calcareous substrate. This is due to
the higher density of some species of Serpulidae and
Sabellidae in Mesophyllum and shaded habitats.

Effect of environmental factors on polychaete
distribution

The RDA explained 14.4% of faunal variation in the
“species per quadrat” matrix and 64.9% in the “spe-
cies-environment” matrix with its first two axes
(Fig. 7). Monte—Carlo tests indicated that both the first
axis (P =0.002) and all the canonical axes together
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Fig. 6 Dendrogram of habi-
tat-site assemblages based on
Bray-Curtis similarity of poly-
chaete densities. For each
group, the species with the
highest individual contribu-
tion to total similarity are list-
ed. For abbreviations, see
Methods

Table 3 Polychaetes contrib-
uting most to dissimilarity be-
tween groups resulting from
the cluster analysis of habitat-
site units

DIS mean dissimilarity; DIS/
SD mean dissimilarity stan-
dard deviation ratio; N aver-
age density (ind m~2 ) in the
cluster group; % SP individual
species contribution to total
dissimilarity; % CUM cumula-
tive percentage of species con-
tributions
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Bray-Curtis similarity
(D1) Upper intertidal (I) and rest: average dissimilarity = 88.44
N (1) N (rest) DIS  DIS/SD %SP % CUM
P. dumerilii 0.0 85.4 4.22 1.40 4.77 4.77
F. implexa 0.0 1129.4 3.61 0.98 4.08 8.85
L. ninetta 0.0 36.4 3.18 2.37 3.60 12.45
S. polytrema 0.0 75.3 3.15 1.47 3.56 16.01
S. variegata 0.0 19.7 3.11 1.73 3.52 19.52
(D2) Middle-lower intertidal (IT) and rest (IIL, IV, V): average dissimilarity = 67.55
N (1I) N (IIL, IV, V) DIS  DIS/SD %SP % CUM
F. implexa 0.8 1527.7 3.35 1.52 4.96 4.96
S. polytrema 5.6 96.4 1.88 1.73 2.79 7.74
S. concharum 5.5 57.5 1.87 1.86 2.77 10.52
S. spinulosa 0.0 352 1.71 1.40 2.53 13.05
S. amica 0.2 17.5 1.64 1.74 2.42 15.47
(D3) Subtidal IIT and rest (IV, V): average dissimilarity = 54.3
N (IIT) N IV, V) DIS DIS/SD % SP % CUM
S. polytrema 9.0 133.0 212 1.98 3.90 3.90
F.implexa 660.4 1854.2 1.99 1.10 3.67 7.57
S. spinulosa 0.0 47.2 1.86 2.76 3.42 10.99
P. militaris 24.0 29.5 1.15 1.21 2.12 13.11
P. mucosa 0.0 10.3 1.08 1.95 1.99 15.11
(D4) Subtidal IV and subtidal V: average dissimilarity = 50.33
N (IV) N (V) DIS DIS/SD % SP % CUM
F. implexa 8.0 2777.3 3.14 2.53 6.24 6.24
J. marenzelleri 0.0 30.6 1.33 1.46 2.65 8.89
A. pectinata 1.5 87.0 1.12 1.25 222 11.11
P. reniformis 22 27.9 1.10 2.15 220 13.30
E. expusilla 0.0 8.0 1.04 4.63 2.06 15.36

(P =0.002) were significant. Several variables showed a
moderate correlation with both axes, e.g., COR
(r=0.51), SCI (r = —0.42), depth (r = —0.36) and incli-
nation (r=—0.35) with axis 1 and depth (r=—0.54),
SCI (r=0.43), LAM (r=-0.39) and inclination
(r =0.36) with axis 2. The lack of importance of a single
variable over the others indicates the mixed effect of all

of them in the discrimination of polychaete species
(Fig. 7). The ordination of samples (Fig. 8) showed a
higher weight of habitat over site, with samples from
the same habitat being grouped together. However, a
higher than habitat pattern of ordination of these
groups of samples was evident, as occurred with the
cluster analysis. Axis 1 discriminated samples with a
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Fig. 7 Redundancy analysis
(RDA) ordination diagram of
species, with superimposed
vectors representing environ-
mental variables. Species are
represented as circles, except
in the most discriminating
ones, for which the scientific SCI
name is added. The less dis-
criminatory variables have
been removed from the plot.
For abbreviations, see Meth-
ods
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Mesophyllum substrate (LAM, GEL, MES, SRA) and
shaded habitats (SCI) from intertidal and subtidal ones
without a calcareous substrate (Fig. 8). Axis 2 discrimi-
nated between shaded and steep sloped samples (ani-
mal dominated habitats with high sponge and low algal
abundance) and horizontal surface samples (algal
dominated habitats with high algal and low sponge
abundance).

Most species showed a low discrimination regarding
the set of environmental variables studied (Fig. 7).
However, several species appeared well separated
from the centroid, showing a response to one or more
of the environmental variables considered. Species
with higher densities in intertidal and in non-calcare-
ous subtidal habitats, such as the nereid P. dumerilii,
and exclusively intertidal species such as S. amica, S.
prolifera, S. vivipara, and O. ctenostoma were located
on the right side of axis 1 (Fig.7). Other species
appeared on the opposite side of axis 1, such as the ser-
pulids S. polytrema and S. concharum. Inside this
group, the gradient described by axis 2 becomes
clear, with species having a higher affinity for shaded
animal-dominated habitats, such as the microsabellid
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A. pectinata, the colonial serpulid F. implexa, the
nereid C. costae, and syllids of the subfamily Autolyti-
nae, or to calcareous habitats e.g., S. armillaris, Ara-
bella iricolor, Pomatoceros triqueter, S. spinulosa, and
Marphysa fallax.

Discussion

The spatial distribution of polychaete communities on
shallow rocky environments is not controlled by a sin-
gle environmental factor such as depth or slope, not by
the algal or faunal species providing habitats. The
results of this study strongly suggest that the relation-
ship between physical disturbance and habitat com-
plexity determines polychaete abundance and
distribution. In the past decades it has become increas-
ingly clear that environmental disturbance plays a cru-
cial role in the biological contribution to local habitat
heterogeneity and, as a result, in determining the abun-
dance and diversity of species in hard bottom littoral
communities (e.g., Sanders 1968; Dayton 1971; Thomp-
son etal. 1996; Therriault and Kolasa 2000; Sousa
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2001). Environmental stresses affect populations in two
ways, through direct effects on individuals, and indi-
rectly, through changes in the physical and biogenic
structure of the habitat (Sousa 2001). Habitat complex-
ity decreases because disturbance affects primarily
large sessile species that determine the three-dimen-
sional structure of the assemblages and provide food,
shelter and habitat to others (Dean and Connell 1987).

In our study, intertidal habitats presented the most
differing polychaete fauna in the area. Rocky intertidal
habitats experience a wide range of physical distur-
bances. Intolerance of these severe conditions causes
the absence of most polychaete species, and therefore
low values of ecological indices, especially in the upper
intertidal habitats. Species richness and diversity are
also related to predator efficiency; where this is high,
environmental resources may be monopolized by a few
dominant species (Paine 1966; Russ 1980). Menge
(1978) concluded that this efficiency decreases in
exposed intertidal habitats with low algal coverage. All
these processes are evident in the intertidal of the
study area, where physical conditions promote the
increase in density of some resilient species, released
from high predation and/or competition pressure in the
absence of most of the fauna. In the study area, these
habitats are dominated by eurytopic species (. gracilis,
P. dumerilii) accompanied by a few stenotopic inter-

tidal species (e.g., P. lamarckii, Syllis amica, Eulalia
viridis, Odontosyllis ctenostoma, Syllis prolifera). The
upper intertidal dominated by barnacles is the habitat
with the harshest conditions, therefore presenting
rather unstructured communities due to the lack of an
efficient biological control. In the middle intertidal,
physical forces are still predominant, but the tangled
morphology of Corallina alleviates the environmental
stress during low tides, by retaining water and provid-
ing shelter (Bailey-Brock et al. 1980). Corallina turfs
also trap considerable amounts of sediment (Stewart
1983), favouring the presence of interstitial species
such as S. pirifera and Brania pusilla.

In the subtidal, in habitats located close to sand-rock
boundaries, the main sources of environmental distur-
bance are burial and scour by mobile sand (Hartnoll
1983). Algae living under these conditions present
small thalli and most of them are seasonal (Gorostiaga
and Diez 1996). The seasonal disappearance of algal
coverage is another agent of disturbance (Prathep et al.
2003). In these habitats, as in intertidal communities,
there is a simplification of habitat structure, which
results in a paucity of polychaete assemblages (Tena
et al. 2000; Cinar 2003), and hence, in low values of
ecological/diversity indices (Warwick and Davies
1977). However, unlike those in the intertidal, these
less complex subtidal habitats do not have a character-
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istic stenotopic polychaete fauna, but are dominated by
the same species as more complex habitats (e.g., Filo-
grana implexa, Spirobranchus polytrema, Syllis armil-
laris) albeit in lower densities and not accompanied by
a set of rare species. The comparison of ecological indi-
ces showed that the intermediate depth level had
higher values than the shallower and deeper ones, not
because of depth itself, but due to the occurrence of
well-structured communities in the absence of stress
typical of the other levels.

Environments with temporally stable physical condi-
tions are inhabited by established, complex and
buffered communities, resulting in biologically accom-
modated ecosystems (controlled by predation, compe-
tition, or food availability) and characterized by a large
number of occasional and rare stenotopic species
(Sanders 1968; Menge and Sutherland 1976; Somas-
chini et al. 1997; Therriault and Kolasa 2000). In the
study area, shaded habitats and macroalgae occurring
on calcareous substrates (Laminaria, Gelidium) are
subjected to the lowest physical disturbance and pres-
ent the highest habitat complexity. In these environ-
ments a great variety of cryptic microhabitats are
available such as crevices, sponges, Laminaria rthizoids
and Mesophyllum calcareous layers. The importance of
cryptic habitat availability becomes obvious when com-
paring SSA and SRA in the study area. Both habitats
are characterized by the presence of algae with small
and non-rigid morphologies, bearing few epiphytes,
and exposed to siltation, hence forming an environ-
ment in principle not favourable for polychaete occur-
rence. Despite this, SRA is one of the habitats with
higher polychaete densities, while SSA is one of the
least populated. This difference is due to the presence
in SRA of a structurally complex Mesophyllum calcar-
eous layer, which is lacking in SSA. The most paradig-
matic case is that of the Laminaria community (LAM),
which presents the calcareous algal layer and very com-
plex attaching structures, the rhizoids, and showed the
highest diversity indices. We conclude that structural
complexity increases polychaete species richness and
diversity, denoting well-structured communities where
eurytopic species are in equilibrium with other species
of polychaetes or other taxa.

Polychaetes require spatial structures at the micro-
habitat rather than the macrohabitat level (Abbiati
et al. 1987; Giangrande 1988); this results in a high fau-
nal homogeneity among macrohabitats (e.g., Gian-
grande 1988; Lopez and Viéitez 1999; Tena et al. 2000).
Most biotopes in our study were dominated by a low
number of species such as S. polytrema, P. dumerilii, S.
armillaris, S. gracilis, S. concharum, and S. variegata.
Differences between disturbance levels were due to the
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amount of occasional and rare species and the relative
dominance of ubiquitous species (Therriault and
Kolasa 2000). Syllis gracilis, one of the ubiquitous spe-
cies in the area, has been quoted as a species with high
densities in physically controlled and less-structured
environments (Bellan 1980; Cinar 2003). On the other
hand, stenotopic species are limited to more complex
habitats. The subfamily Autolytinae showed higher
densities in animal-dominated habitats, probably as a
consequence of its trophic (Hamond 1969) and repro-
ductive links with hydrozoa (Britayev and San Martin
2001). Several sessile species (serpulids, sabellids, spi-
rorbids) are limited to shaded and steep sloped habi-
tats to avoid siltation or competition with algae.

Reproductive types probably play a key role in poly-
chaete zonation along disturbance gradients. Gian-
grande (1990) found that syllid species with continuous
reproduction were linked to habitats subjected to
strong physical fluctuations, and species reproducing
seasonally were more linked to habitats with high
interspecific competition. All these facts indicate that
future investigations must focus on the relationship
between ecological features, reproductive strategies
and trophic habits of polychaetes.
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