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Previousmarine cave studies have been generally qualitative, focusing onhard benthic communities of single caves.
The ecological patterns of marine cave assemblages, particularly those with soft-sediment bottoms, are poorly
known. The aim of this study was to investigate ecological patterns of macroinfauna inhabiting marine caves.
Using amultifactorial design, the soft-bottom crustacean fauna of six previously unsampledMediterraneanmarine
caves was studied. To investigate the influence of the marine cave habitat on local crustacean assemblage two sta-
tionswere compared in each cave; one internal site fromwithin themarine cave cavity and one external site, in sed-
iments near the opening of the cave. The caves selected had a wide range of profundity in order to explore the
influence of depth on the community. External sediments had higher species richness, and a significant decline
in diversity values inside the caves was found at all marine cave locations studied. The abundance of organisms
was strongly influenced by depth, with deeper internal cave sites having lower abundance than the external sta-
tions, whilemore shallow internal cave sites provide amore stable environment, which allows higher density of in-
dividuals. The results described here for soft-sedimentmarine cave bottoms are in contrast to previous observations
in hard benthic marine cave communities, where small-scale variability was similar for interior and exterior cave
habitats. The results of this study show that even in the absence of endemic cave taxa, the species assemblage at
each cavewas clearly different from that present in the exterior habitat and also from that present in other cave sed-
iments. This high variability and strong individuality observed in soft-bottom marine caves suggest that there are
many and complex factors controlling these communities.

© 2013 Published by Elsevier B.V.
1. Introduction

Marine cave habitats are characterized by distinct biocene, fauna and
ecological features (Cicogna et al., 2003; Ott and Svoboda, 1976; Pérès,
1967; Riedl, 1966; Sarà, 1974). Although marine cave assemblages
were of great interest over the last decades, knowledge on marine cave
environments is still fragmentary. Most studies have focused on a small
number of taxa and/or small geographic areas. The studies are mainly
qualitative, providing inventories of species and descriptions of spatial
distribution patterns.

Within marine caves considerable effort has been devoted to
hard substrate benthic communities, however the number of inves-
tigations dealing with the macroinfauna living in soft sediment is
scarce (Akoumianaki and Hughes, 2004; Bamber et al., 2008;
Monteiro-Marques, 1981; Navarro-Barranco et al., 2012). Many
studies that focus on single marine caves are difficult to extrapolate to
ranco).

sevier B.V.
other cave environments or geographic areas. To-date quantitative
studies which have been conducted simultaneously across different
caves, have focused on hard-substrate communities only (Bibiloni et
al., 1989; Bussotti et al., 2006; Martí et al., 2004a). Only a few quantita-
tive and experimental studies have sort of determine the broad ecolog-
ical factors governing the marine cave habitats (e.g. Benedetti-Cecchi
et al., 1996, 1998; Denitto et al., 2007; Gili et al., 1986; Zabala et al.,
1989), being the soft-bottom cave communities in particular poorly
studied.

Using amultifactorial sampling design, the spatial variations (internal
vs. external habitats) of the soft-bottom crustacean assemblages are ex-
plored in six marine caves along the coast of Granada (southern Spain).
The study focused on crustacea taxa specifically as one of the most di-
verse and abundant taxa within the macrobenthic fauna inhabiting
marine sediments (Dauvin et al., 1994; Lourido et al., 2008; Prato and
Biandolino, 2005). Moreover, crustaceans play an important role in
structuring benthic assemblages, and they are also sensitive tomany en-
vironmental conditions, including depth, sediment composition and also
pollution (Carvalho et al., 2012; De Grave, 1999; de-la-Ossa-Carretero et
al., 2012; Duffy and Hay, 2000; Gómez-Gesteira and Dauvin, 2000;
Guerra-García and García-Gómez, 2004).

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jembe.2013.04.009&domain=pdf
http://dx.doi.org/10.1016/j.jembe.2013.04.009
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Fig. 1. Study area and position of marine caves studied. GR = Gorgonias; CN = Cantarriján; TM = Treinta Metros; RM = Raja Mona; PV = Punta del Vapor; CL = Calahonda.
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Fig. 2. Percentage (%) of crustaceans groups inside caves, outside caves and the whole
study calculated in function of number of species (A) and number of individuals (B).
Striped sections represent the percentage of decapods, dotted sections represent
cumaceans, gray sections isopods, white sections tanaids and black sections represent
the percentage of amphipods.
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The study area is a karstic regionwith a relatively low human impact,
which allows us to havemany submarine caveswith little anthropogenic
influence and, a priori, similar characteristics in a short stretch of
coastline (about 30 km). The caves represent a wide range of depths
from 5 to 30 m. Riedl (1966) indicates that a displacement associated
with the depth occurs in cave communities. When depth increases,
cave species move towards the entrance due to the attenuation of light,
hydrodinamism etc. outside the cave. To our knowledge, not many
efforts have been devoted to test the importance of depth in marine
cave communities.

Consequently, the main objective of this study is to investigate di-
versity patterns of crustacean community according to the depth and
the location for soft-sediment habitats of marine caves.

2. Materials and methods

2.1. Study site

Six karstic marine caves of Granada's coast were selected to carry
out this study (Fig. 1): Cueva de las Gorgonias (GR) (36°44′17″N,
46°46′42″W, 6 m deep), Cueva de Cantarriján (CN) (36°44′16″N,
3°46′41″W, 8 m deep), Cueva de los Treinta Metros (TM) (36°43′12″
N, 3°44′9″W, 30 m deep), Raja de la Mona (RM) (36°43′10″N, 3°44′6″
W, 30 m deep), Cueva de la Punta del Vapor (PV) (36°43′22″N, 3°42′
35″W, 12 m deep) and Cueva de Calahonda (CL) (36°42′46″N, 3°22′
18″W, 19 m deep). All of them presented similar length (10–25 m)
andmorphology, with a single submerged entrance followed by a recti-
linear blind-ending tunnel without air chambers.

2.2. Sample collection

The samples were taken during July and August 2011. Two sampling
stations were selected in each cave: one in the exterior area and another
inside the cave (each one approximately 10 m from the cave mouth).
Four replicate sampleswere taken for the crustacean study at each station
using a hand-held rectangular core of 0.025 m2 to a depth of 10 cm by
SCUBA diving. Samples were washed using a 0.5 mm mesh sieve with
seawater, preserved in 70% ethanol and stained with Rose Bengal. Each
sample was examined in the laboratory using binocular microscopes.
All crustacean specimens were counted and identified to species level
where possible.

In addition to the macrofaunal samples, three additional sediment
cores were collected at each station for physicochemical analyses of the
sediments. Samples were immediately stored frozen until the laboratory
analyses. Granulometric parameters were determined following the
method proposed by Guitián and Carballas (1976). Organic matter and
nitrogen percentage in the sediment, and the composition of phospho-
rus, lead and copper, were determined following the samemethodology
of Navarro-Barranco et al. (2012).
2.3. Data analysis

Mean and standard deviation of crustacean abundances, number of
species and Shannon–Wiener diversity index (Shannon and Weaver,
1963) were calculated for each sampling station. Spatial patterns of
these parameters were examined using an Analysis of Variance
(ANOVA) with the following factors: position (Po), depth (De) and
site (Si). Powas a fixed factorwith two levels: internal and externalma-
rine cave sediments. De, a fixed factor orthogonal with Po, presented
three levels: shallow (for caves between 0 and 10 m deep), medium
(10–20 m) and deep (20–30 m). Si was a random factor nested with
De and with 2 levels (two marine caves at each depth level). Four



Table 1
Results of the multivariate analysis PERMANOVA for crustacean assemblages, based on
Bray–Curtis dissimilarities of fourth root transformed data. Df = degrees of freedom;
MS = mean square; P = level of significance; ⁎ = p b 0.05.

Source of variation df MS F P

Position = Po 1 17342 3.8116 0.0392⁎

Depth = De 2 21828 1.7228 0.1569
Site(De) = Si(De) 3 12670 19.476 0.0196⁎

Po × De 2 9131.7 2.0071 0.1373
Po × Si(De) 3 4549.7 6.994 0.0196⁎

Residual 36 650.52

2D Stress: 0.11POSITION
Internal
External

DEPTH
0-10m

10-20m
20-30m

Fig. 3. Two-dimensional nMDS plot for species composition. Data were fourth root
transformed.
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samples of sediment were considered from each cave (n = 4). Prior to
ANOVA analyses, the homogeneity of variances was tested using
Cochran's test and appropriate transformations were applied to the
data when necessary (Underwood, 1997). When ANOVA indicated a
significant difference for a given factor, the source of difference was
identified using the Student–Newman–Keuls (SNK) tests.

Following the same three-factor design, a distance-based Permuta-
tional Multivariate Analysis of Variance (PERMANOVA) (Anderson,
2001) was carried out to test differences in the crustacean species com-
position. Sixty-five taxa were included in the multivariate data set, and
analysis was based on fourth root transformed data. The similarity ma-
trix was generated using the Bray–Curtis similarity index. Terms found
to be significant in the analysis were examined individually using ap-
propriate pair-wise comparisons. Non-Parametric Multidimensional
Scaling (nMDS) was carried out to examine differences in the crusta-
cean assemblage composition among positions and depths (Clarke
and Warwick, 1994). The similarity percentages procedure (SIMPER)
was used ‘a posteriori’ to calculate the contribution of each species to
the observed dissimilarity between positions. A cut-off criterionwas ap-
plied to allow identification of a subset of species whose cumulative
percentage contribution reached 90% of the similarity or dissimilarity
values andwas considered as ‘important’ in characterizing or separating
positions. The same three-factor design applied before was used to
explore differences in the abundance of the most important species, as
identified by the SIMPER, as characterizing or separating positions.

The similarity values for each station (obtained from the comparison
among replicates in PERMANOVA) can be used to estimate the small-
scale variability in the crustacean assemblage composition. One-way
ANOVA was used to test whether the homogeneity in species composi-
tion within stations changes between positions.

A Principal Component Analysis (PCA) was carried out to observe
the relationships between environmental measures and sampling
stations. Data analyses of ANOVAs were performed using the GMAV5
Table 2
Taxa identified as important in characterizing and separating positions, according to the sim
and open stations were also showed for each species. P = levelof significance for the null hyp

Internal stations

Species Abundance % Similarity

Siphonocetes sabatieri – –

Apseudopsis latreillii 2848 ± 724 30.75
Harpinia pectinata 990 ± 373 13.78
Leptocheirus hirsutimanus – –

Apseudes sp. 88 ± 36 b0.5
Photis longipes 8 ± 2 1.6
Harpinia crenulata 148 ± 38 17.64
Perioculodes longimanus 98 ± 29 9.71
Diogenes pugilator 26 ± 5 b0.5
Metaphoxus fultoni 5 ± 2 b0.5
Harpinia antennaria 38 ± 15 b0.5
Pariambus tipicus – –

Ampelisca sp. – –

Deflexilodes griseus 28 ± 6 4.81
Kupellonura mediterranea 27 ± 5 8.02
Megaluropus monasteriensis – –
program (Underwood et al., 2002), and multivariate analyses were
carried out using the PRIMER v.6+ PERMANOVA package (Clarke and
Gorley, 2001).

3. Results

A total of 65 species were recorded during this study. Thirty-six spe-
cieswere found inside the caves, while 58were recorded at the exterior
sites. In both stations, amphipods had the highest species richness, with
44 species in total, followed by cumaceans (9 species), tanaids (6),
decapods (4) and isopods (2) (Fig. 2A). Amphipods were also the
most abundant group in the study, with approximately 60% of individ-
uals. Inside the cave, tanaids was the group with higher abundance of
organisms (Fig. 2B). However, their abundance was highly variable
(while in Cantarriján cave, 95% of the species belong to tanaids; this
value was only 5% in the other shallow cave).

PERMANOVA analysis showed significant differences in the compo-
sition of species between external and internal stations (Table 1) and
SIMPER showed a dissimilarity of 83.1% in the species composition be-
tween both habitats. Within positions, cave stations only presented a
similarity of 4.9%, whereas the stations situated outside the caves had
47.7% of similarity. Table 2 showed the most important species in char-
acterizing and separating positions. Only the abundance of Siphonocetes
sabatieri, Diogenes pugilator,Megaluropus monasteriensis and Pariambus
tipicus was significantly different between positions, with higher
abundances in the external stations. Although some taxa, such as all
ilarity and dissimilarity values obtained by SIMPER analysis. Mean values ± SD in cave
othesis of non differences in abundance between stations. ⁎ = p b 0.05, ⁎⁎ = p b 0.01.

External stations Internal vs. external stations

Abundance % Similarity % Dissimilarity P

4656 ± 1267 32.97 22.03 *
1365 ± 238 53.78 13.62 n.s.

106.67 ± 40 b0.5 13.62 n.s.
208 ± 85 b0.5 4.64 n.s.
140 ± 57 b0.5 4.13 n.s.
150 ± 59 1.02 3.81 n.s.
58 ± 24 b0.5 3.57 n.s.

163 ± 45 1.43 1.84 n.s.
180 ± 28 1.44 1.78 *
335 ± 119 0.98 1.63 n.s.

7 ± 3 b0.5 1.29 n.s.
190 ± 49 1.66 0.89 **
40 ± 16 b0.5 0.89 n.s.
13 ± 4 b0.5 0.52 n.s.
23 ± 7 b0.5 b0.5 n.s.

31.67 ± 7 2.42 b0.5 *



Table 3
Results of the three-factor ANOVA for Shannon–Wiever diversity, species richness and abundance of individuals for the crustacean community. No transformation was necessary for
diversity and richness values. Abundance data were Sqrt(x + 1) transformed. df = degrees of freedom; MS=mean square; P = level of significance; ⁎ = p b 0.05; ⁎⁎ = p b 0.01;
⁎⁎⁎ = p b 0.001.

Shannon diversity Species richness Abundance

Source of variation df MS F P MS F P MS F P

Position = Po 1 4.28 34.35 0.009⁎⁎⁎ 567.18 13.52 0.035⁎ 152.44 4.38 0.128
Depth =De 2 1.38 0.83 0.515 135.77 3.59 0.16 349.15 7.71 0.065
Site(De) = Si(De) 3 1.66 20.88 0.000⁎⁎⁎ 37.85 3.53 0.003⁎⁎⁎ 45.27 10.26 0.000⁎⁎⁎

Po × De 2 0.13 1.06 0.448 143.06 3.41 0.168 450.48 12.93 0.033⁎

Po × Si 3 0.12 1.57 0.214 41.93 6.13 0.002⁎⁎ 34.83 7.9 0.000⁎⁎⁎

Residual 36 0.08 6.84 4.41
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Harpinia species, showed higher abundance inside the caves, no species
presented a significant preference to cave stations. The nMDS analysis
(Fig. 3) did not reflect a clear separation in species composition
between internal and external stations. The single exception being the
medium depth stations, for which external and cave stations were
clearly separated.

Results for the three-way ANOVA comparing diversity, species rich-
ness and abundance showed different patterns for each case (Table 3).
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Although all caves showed significant differences between internal
and external stations for abundance values, with the exception of
Treinta metros cave (Fig. 4), no consistent pattern was found, with
Po × De and Po × Si(De) interactions. Species richness was always
higher in the external stations than in the internal stations. However,
according to SNK tests, these differences were only significant for PV,
CL and RM. Diversity values presented the clearest pattern, with
significant higher values outside the caves, consistent for all depths
and site levels.

The similarity values for species composition between replicates
within stations are represented in Fig. 5. One-way ANOVA did not
find significant differences among positions, so it can be assumed
that there was similar small-scale variability in both habitats.

Table 4 shows the physicochemical characteristics of the sediment for
each station. In the PCA analysis (Fig. 6), axis 1 explains a 49% of variation
and correlated positively with the percentage ofmedium sands and neg-
atively with the amount of silt and clay, organic matter, nitrogen, phos-
phorous and lead, while axis 2, which explains a 32% of variation, was
strongly and positively correlated with the gravel content. Although
there are some stations with a particular behavior, cave stations often
present higher values of nitrogen, phosphorous, organic matter, lead
and percentage of silt and clay. On the other hand, the external stations
were dominated by thicker fraction of sediments. Sediment properties
(e.g. grain size) often vary with depth but our granulometric and chem-
ical data did not reflect any clear relationship with depth. Therefore, the
changes in the community descriptors were easier to relate with depth
alone.

4. Discussion

4.1. Species composition

This study reveals that soft-bottom cave communities are clearly dif-
ferent from soft-bottom communities in open habitats. Each cave has a
characteristic crustacean assemblage, which differed from adjacent
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Table 4
Mean values ± SD of the granulometric data and chemical variables in the sediment per station; O.M. = organic matter.

Chemical data Granulometric data

Cave Station O.M. (%) N (%) P (mg kg−1) Pb (mg kg−1) Cu (mg kg−1) % Gravels % Medium sands % Silt and clay

Gorgonias Interior 0.84 ± 0.15 0.042 ± 0.000 448.49 ± 5.4 9.27 ± 0.2 12.15 ± 0.07 1.25 ± 0.33 1.65 ± 0.5 26.83 ± 2.4
Exterior 0.23 ± 0.00 0.009 ± 0.000 281.04 ± 4.68 8.39 ± 0.32 9.73 ± 0.1 0.07 ± 0.01 25.64 ± 0.22 2.3 ± 0.17

Cantarriján Interior 0.74 ± 0.04 0.024 ± 0.000 363.08 ± 9.04 8.77 ± 0.31 12.31 ± 0.09 1.15 ± 0.41 16.2 ± 0.37 10.83 ± 1.73
Exterior 0.18 ± 0.03 0.009 ± 0.000 283.52 ± 4.92 9.63 ± 0.36 11.37 ± 0.19 9.79 ± 0.01 19.3 ± 0.00 3.34 ± 0.02

Pta. Vapor Interior 0.76 ± 0.02 0.050 ± 0.000 639.36 ± 12.9 11.94 ± 0.2 15.39 ± 0.13 3.89 ± 1.64 4.57 ± 0.39 31.19 ± 6.11
Exterior 0.44 ± 0.10 0.023 ± 0.000 408.11 ± 10.2 7.81 ± 1.14 11.68 ± 1.17 0.93 ± 0.27 16.73 ± 2.1 3.56 ± 0.56

Calahonda Interior 0.98 ± 0.02 0.068 ± 0.000 778.70 ± 21.79 16.36 ± 0.49 17.42 ± 3.63 3.1 ± 1.35 3.27 ± 0.35 65.5 ± 3.42
Exterior 0.40 ± 0.03 0.029 ± 0.000 506.33 ± 17.75 9.05 ± 0.62 7.86 ± 0.14 0.76 ± 0.31 2.36 ± 0.35 13.16 ± 0.45

Treinta Metros Interior 1.86 ± 0.02 0.117 ± 0.000 786.90 ± 2.63 18.56 ± 0.34 19.02 ± 0.67 3.11 ± 1.05 3.71 ± 0.1 58.51 ± 4.05
Exterior 1.95 ± 0.05 0.174 ± 0.000 579.36 ± 3.01 15.38 ± 0.14 10.10 ± 0.32 4.15 ± 1.29 6.55 ± 1.15 46.11 ± 4.76

Raja Mona Interior 0.79 ± 0.02 0.077 ± 0.000 545.62 ± 17.48 7.97 ± 0.72 9.81 ± 0.48 24.5 ± 3.38 10.68 ± 1.88 8.19 ± 4.34
Exterior 0.56 ± 0.01 0.043 ± 0.000 570.48 ± 12.39 8.39 ± 0.57 2.75 ± 0.1 10.99 ± 1.16 26.09 ± 1.39 3.55 ± 0.9
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exterior sediments, and also between marine caves. This high degree of
individuality in marine caves has been well reported in the literature
(Ros et al., 1989; Sarà, 1974; Vacelet et al., 1994). Despite having unique
assemblage patterns, marine caves did not have endemic fauna in this
study. There were no exclusive cave taxa among the most abundant
species,with all the Crustacea taxa recorded at both internal and external
habitat sites. The species richness was also similar in both habitats, with
amphipods as the dominant Crustacea group,which is a common feature
in soft-bottomcommunities (Lourido et al., 2008; Sanchez-Moyano et al.,
2005).

4.2. Small-scale spatial variability

Marine caves had often been considered as simple, stable and
homogenous environments (Harmelin et al., 1985; Ott and Svoboda,
1976). However, spatial studies in hard benthic communities revealed
that the distribution patterns of sessile fauna inside caves could
be very complex, with high variability on a scale of few meters
(Benedetti-Cecchi et al., 1996, 1998). The innermost parts of marine
caves usually show a prevalence of species with clumped distribution
(Martí et al., 2004a). The spatial heterogeneity at small scales in
soft-bottom communities was poorly studied and it had never been
investigated in marine caves (Kendall and Widdicombe, 1999). Marine
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Fig. 6. Results of PCA for physicochemical variables of the sediment.
soft sediments can also present high spatial heterogeneity at small scales,
with significant variations at scale of meters or even less (Morrisey et al.,
1992). An apparently homogeneous habitat as the deep sea, which often
has been considered analogous to cave habitats (Akoumianaki and
Hughes, 2004; Harmelin, 1997; Vacelet et al., 1994), can present an
elevated variability in the sediment due to small-scale biotic and abiotic
disturbances (Levin and Thomas, 1988; Snelgrove, 1998; Snelgrove et al.,
1992).

In contrast to observations for hard benthic communities, our results
suggest that there are no differences in the small-scale variability of soft
benthic communities between cave and external habitats. This differ-
ence between soft and hard benthic macrofauna is difficult to explain
because there are many factors influencing the heterogeneity in the
spatial patterns of both habitats. The scale at which the heterogeneity
is detected in soft sediments depends on many poorly-known factors:
taxa considered and their life history (dispersal capability, site selection
by larvae or juvenile, etc.), sediment characteristics (e.g. grain size) or
biotic interactions (competition, facilitation, etc.) (Kendall and
Widdicombe, 1999; Norén and Lindergarth, 2005; Thrush, 1991). In
hard benthic communities, no small-scale differences in the settlement
patterns have been found into the caves, so that the high patchiness in
the cavewalls might derive fromother post-settlement factors (Denitto
et al., 2007). According to many studies, interactions between species
can play an important role determining the spatial distribution of cave
organisms (Benedetti-Cecchi et al., 1996; Martí et al., 2004b, 2005;
Turon et al., 2009). Thus, further studies are necessary to understand
the relevance of such factors in the distribution patterns of cave fauna.

4.3. Diversity, species richness and abundance of organisms

Although a decrease in diversity, richness and abundance values
from entrance to the inward end of marine caves is a common feature
for hard benthic communities (e.g. Balduzzi et al., 1989; Cicogna et al.,
2003; Gili et al., 1986; Martí et al., 2004b; True, 1970; Zabala et al.,
1989), our results reveal that some of these parameters do not act in
the same way in soft-bottom communities. A decrease in diversity
values into the cave was the only constant pattern found. The usual ex-
planation for this trend is that the trophic supply decreases (Fichez,
1990a,b; Zabala et al., 1989), but in some cases, as our caves, that de-
crease in the organic matter concentrations inside the caves is not
detected. In such cases, other factors had been proposed to explain
the loss of biodiversity of cave communities: physical gradients inside
the cave (light, oxygen, salinity, etc.), the limited capacity of the larvae
for dispersion and settlement or the persistence of microlayer gradients
along the walls (Gili et al., 1986; Harmelin, 1997; Harmelin et al., 1985;
Zabala et al., 1989). All these explanations were proposed for hard ben-
thic communities but may also apply to the soft-bottom communities.
Moreover, there are other environmental gradients related to sediment
characteristics (grain size, heterogeneity, heavy metals concentration,
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etc.) which can explain the biodiversity decrease into the caves too
(Navarro-Barranco et al., 2012).

The species richness values showed a similar pattern: all caves
present higher number of species in the external stations, and the analy-
sis reveals the existence of significant differences among positions. How-
ever, this general pattern was not consistent across caves (Po × Si(De)
interaction).

Although depth is one of themain factors affecting the structure and
composition of marine macrobenthic communities (Hoey et al., 2004;
Martínez and Adarraga, 2001; Snelgrove, 1998), our ANOVA analyses
did not reflect any depth influence in species richness or diversity. In
fact, the number of species into the caves remains almost constant
between depths. Some studies suggest the existence of a parabolic
relationship between depth and both parameters (Gray, 1997; Rex,
1993), but these patterns were not found in all habitats and for small
depth ranges (Bergen et al., 2001). Thus, these generalizations have
been questioned, and the depth relationship with diversity and species
richness in soft sediments still remains unclear (Gray, 2002; Poore and
Wilson, 1993; Snelgrove, 1998). ANOVA analyses only showed a signif-
icant depth influence for abundance values. A decrease in abundance
values inside the caves was expected, but only deeper stations showed
this pattern. At shallow sites, there were fewer numbers of individuals
outside the caves. The reason could be related to the bottom stability,
a factor highly correlated with the depth (Hernández-Arana et al.,
2003; Snelgrove, 1998). At shallow sites, marine caves provide a more
stable environment, protected from the influence of waves, wind and
storm events, which allows the establishment of higher number of indi-
viduals (Bamber et al., 2008). This explanation cannot be applied to
semi-submerged caves, which present a different behavior, generally
with higher water turbulence (Bell, 2002; Corriero et al., 2000). Our
abundance data for open habitats were very similar to those obtained
by Carvalho et al. (2012) in the southern Portugal coast, where they
reported a decrease of amphipod density in shallow sediments
(b10 m) related with an environment harshness in terms of wave im-
pact. Below this depth (between 10 and 25 m), they found a density
peak, due to the abatement of the hydrodinamism.

As Bussotti et al. (2006) pointed out for hard benthic cave fauna, it
can be concluded that, although some general and consistent patterns
can be extracted for soft-bottom communities, the high degree of vari-
ability among caves makes it very complicated to understand the main
processes that govern the marine cave communities. Numerous factors
influence the sediment community, and each cave has different charac-
teristics. However, this high degree of individuality also converts each
cave into a unique habitat, making the study of such habitats more
interesting.
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