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ABSTRACT: Hypotheses on the spatial and tem poral distribution of sessile assem blages in sub­
m erged m arine caves have rarely been  tested. Classically, the distribution of cave benthos has been 
related  mainly to the physical gradients along the exterior-interior axis. Using a multifactorial sam ­
pling design, we exam ined the distribution of species assem blages w ithin 3 different caves in South­
ern  Italy. N on-destructive sampling was repeated  at 4 different times over a period of 11 mo. Results 
showed an overall pattern  of change in the structure of the assem blages along the exterior-interior 
axis of the 3 caves (i.e. am ong sectors). Significant differences in species assem blages, however, w ere 
also observed w ithin sectors (i.e. am ong areas), and changes in assem blages varied inconsistently 
w ith time and am ong caves. This result suggests a high complexity of the processes determ ining 
spatio-tem poral distribution patterns in marine caves, w hich are context- and scale-dependent. 
Results also showed the uniqueness of these assem blages, w hich has im portant implications for their 
conservation and m anagem ent.
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INTRODUCTION

Spatio-temporal variability in the distribution of 
populations and species assem blages is a common 
perception in the ecological literature (e.g. Levin 1992, 
Gaston & M cArdle 1993, Boero 1994, Brown 1995, 
Boero et al. 2004). However, quantitative information 
on distribution patterns across relevant scales (and 
understanding of the processes causing or m aintaining 
them) is confined to a small num ber of habitats and 
geographic areas and is mainly focussed on either 
few individual taxa, or sets of interacting species 
(Schneider 1994, Fraschetti et al. 2005). M ore quanti­
tative information about the distribution patterns of 
m arine species assem blages over different spatial and 
tem poral scales is needed  to support sound habitat 
m anagem ent and conservation.

Earlier studies of M editerranean m arine caves 
showed that unique faunistic and ecological features 
characterize these habitats (Pérès & Picard 1964, Riedl

1966, Harm elin et al. 1985, Bianchi et al. 1996, 
Harm elin & Vacelet 1997, Chevaldonné & Lejeusne 
2003). Most of these studies provided inventories of 
biodiversity, and prelim inary descriptions of distribu­
tion patterns of species assem blages (see Riedl 1966 
and references therein).

Surprisingly, in spite of a vast literature describing 
species composition, distribution patterns and ecolo­
gical features (Riedl 1966, Ott & Svoboda 1976, Bus­
sotti et al. 2002, Cicogna et al. 2003) few quantitative 
frameworks have been  developed for testing hypo­
theses on the processes determ ining spatial and tem ­
poral variation of sessile assem blages of subm erged 
m arine caves (for exceptions see Gili et al. 1986, 
Benedetti-Cecchi et al. 1996, 1998). This is most likely 
due to logistical constraints limiting quantitative inves­
tigations: m arine caves are less am enable to fieldwork 
than  shallow subtidal and intertidal zones.

In a first attem pt to describe the distribution of 
sessile benthos w ithin m arine caves, Riedl (1966)
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distinguished 6 faunistic zones mostly on the basis 
of the distribution of algae and hydroids. Pérès & 
Picard (1964) described horizontal zonation patterns of 
cave benthos, identifying 'sem i-obscure' (located in 
the part of the cave that receives light) and 'obscure' 
biocoenoses (located in the completely dark  parts of 
the cave, w ith reduced seaw ater circulation). Species 
richness, biological cover, and biomass have often 
been  reported  to decrease towards the inner parts of 
the caves (e.g. Laborel & Vacelet 1958, Riedl 1966, 
Bianchi et al. 1996). A ttenuations of light and w ater 
movem ent along the exterior-interior axis w ere consid­
ered  as the driving forces for such changes (Riedl 1966, 
Cinelli et al. 1977, Harm elin et al. 1985, Gili et al. 
1986). In fact, the abrupt decrease in w ater renew al 
usually determ ines oligotrophic conditions in the dark 
cave recesses due to filtering, sedimentation, and 
degradation of organic particles (Buss & Jackson 1981, 
Fichez 1990, Palau et al. 1991, G arrabou & Flos 1995 
but cf. Airoldi & Cinelli 1997).

Relevant discrepancies betw een observed distribu­
tion patterns of assem blages in these systems and these 
classical models have often been reported (e.g. 
Harm elin 1969, Balduzzi et al. 1989, Benedetti-Cecchi 
et al. 1998, Corriero et al. 2000, M arti et al. 2004a,b). In­
ternai topography, presence or absence of secondary 
openings, size, exposure, depth, and possible presence 
of hydrotherm al springs w ere identified as interacting 
w ith the m ain physical gradients inside caves, causing 
patterns of heterogeneity  different from those ex­
pected. Little em phasis has generally been 
given to proper quantification of small-scale 
patchiness, reflecting the view  that in marine 
caves physical factors are param ount in set­
ting distribution patterns of populations and 
assem blages, w hereas biotic interactions play 
a major role in more benign environments, 
w here recruitm ent rates are high (Balduzzi et 
al. 1989). However, small-scale patchiness is 
also frequent in subm arine caves. Benedetti- 
Cecchi et al. (1996) revealed large differences 
in species colonization on a scale of a few m e­
tres. Variation in larval and food supply 
(Airoldi & Cinelli 1996), and post-settlem ent 
events have been  invoked as processes gen er­
ating these patterns.

In the Salento Peninsula in SE Italy (Fig. la), 
subtidal habitats are characterized by a 
substrate (mostly calcarenitic) conducive to 
the formation of large cavities: in 100 km of 
rocky coast, about 70 subm arine caves have 
been  m apped (see: w w w .tam ug.tam u.edu/ 
cavebiology/Research/research.html). The aim 
of this study was to conduct a m ensurative ex ­
perim ent (Hurlbert 1984) in order to describe

the distribution patterns of benthic assem blages in 
subm erged m arine caves. We used a structured sam ­
pling design to quantify variation in sessile assem blages 
w ithin and across different positions in caves and their 
consistency through time. The tested hypotheses about 
spatial patterns of assem blages w ere driven by the 
consideration that, beside the most obvious environ­
m ental gradients, other sources of variability need to 
be properly quantified w hen describing distribution 
patterns of benthic organism s in marine caves.

MATERIALS AND METHODS

Study site. Three m arine caves characterized by a 
similar morphology (simple horizontal tunnels, single 
sem i-subm erged entrance, presence of air cham bers 
and similar groundw ater seeps) w ere studied near 
Santa M aria di Leuca (Southern Apulia, SE Italy; 
Fig. lb): 'G rotta Piccola del Ciolo' (hereafter CIO; 
about 100 m long); 'G rotta di M arinella' (hereafter 
MAR; about 65 m long); and 'G alleria della Princi- 
pessa' (hereafter PRI; about 85 m long). The caves 
w ere located along a 4 km long portion of a continuous 
rocky coast, and provided a random  subset of shallow 
(about 6 to 8 m depth) blind caves in the region. The 
internal topography of the 3 caves is characterized by a 
longitudinal axis, parallel to the principal fracture 
planes characterizing these calcareous cretaceous 
rocks.
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Fig. 1. C aves in  th e  study: (a) g eo g rap h ica l loca tion  in  th e  A pulia  P e ­
n insu la , SE Italy; (b) side  view s, long itu d in a l axis. CIO: 'G ro tta  Piccola 
del Ciolo'; MAR: 'G ro tta  di M arinella '; PRI: 'G a lle ria  de lla  P rinc ipessa '
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Sampling procedures and design. Photographie 
samples w ere taken  on rocky walls of the caves using 
a Nikonos V underw ater cam era w ith a close-up lens 
and 2 electronic strobes. In each of the 3 caves, 5 sec­
tors w ere selected, 0, 10, 20, 40 and 60 m from the 
entrance (hereafter SO, SIO, S20, S40, S60). Three ran ­
dom areas of 3 m2 each w ere identified at each sector, 
and 8 random  16 x 23 cm photo-quadrats w ere taken 
in each area. Samples w ere always taken  from verti­
cal surfaces, at least 1 m above the coarse-sandy sub­
strate. Sampling was repeated  on 4 randomly selected 
occasions in July and Novem ber 2000, and February 
and June 2001 (hereafter T l, T2, T3 and T4, respec­
tively), yielding a total of 1440 units of observation 
(slides).

The slides w ere analyzed under a binocular m i­
croscope by superim posing a transparent grid sub­
divided into 24 equal-sized squares. The abundance of 
sessile organism s (algae and invertebrates) on each 
slide w as determ ined visually (Dethier et al. 1993, 
Benedetti-Cecchi et al. 1996) by assigning a score 
ranging from 0 to 4 to each taxon w ithin each square 
and adding up these 24 values. Organism s filling less 
than 0.25 square w ere given an arbitrary value of 0.5. 
Final values w ere expressed as percentages. Destruc­
tive samples w ere also collected and specialists 
assisted in the taxonomic identification of organisms.

The sam pling design consisted of 4 factors: Time (T, 
4 levels, random), Cave (C, 3 levels, random, crossed 
w ith T), Sector (S, 5 levels, fixed, crossed w ith T and C) 
and Area (A, 3 levels, random  nested  in S), w ith n = 8 
replicates per combination of factors.

Multivariate statistical analyses. The multivariate 
data set included 94 taxa. A distance-based perm uta- 
tional m ultivariate analysis of variance (PERM- 
ANOVA; Anderson 2001, M cArdle & Anderson 2001) 
was done to test for the significance of term s involved 
in the full model. The analysis used 4999 random  p er­
m utations of appropriate units (Anderson & ter Braak 
2003) and was based  on log10(x+l) transform ed data. 
Terms found to be significant in the analysis w ere 
exam ined individually using appropriate pair-wise 
comparisons. For each time, differences am ong caves, 
am ong sectors and am ong areas w ithin sectors w ere 
represen ted  by non-m etric multidim ensional scaling 
(nMDS) ordinations plotting centroids of each area. 
Centroids w ere calculated using principal coordinates 
(see Anderson 2001 for details). All nMDS plots w ere 
obtained using the m ultivariate package PRIMER (Ply­
m outh M arine Laboratory). As most of the variability in 
PE RM ANO VA was explained by the C x S interaction 
term  (see associated MS value in Table 2), 3 separate 
canonical analyses of principal coordinates (CAP) 
(Anderson & Willis 2003) w ere done to show differ­
ences in the structure of assem blages across sectors at

each of the 3 caves. Distinctness of groups was 
assessed using leave-one-out allocation success 
(Lachenbruch & M ickey 1968). Individual taxa that 
m ight be responsible for any group differences seen 
in the CAP plots w ere investigated by calculating 
product-m om ent correlations of original variables 
(taxa) with the 2 canonical axes (rt and r2). These 
correlations w ere then plotted as arrows in projection 
biplots. Only those taxa having relatively strong cor­
relations (i.e. w ith arrow  length of Vr2 + r22 >0.5) w ere 
included in the plots.

Univariate statistical analyses. Four-way analyses 
of variance (ANOVA) w ere used to exam ine spatial 
patterns for single response variables (number of 
species, total cover). Prior to analyses, the homoge 
neity of variances was tested using Cochran's test 
(Underwood 1997). If transformations did not remove 
heterogeneous variances, the analyses w ere done 
on untransform ed data but a  was set at 0.01 to com ­
pensate for the increased likelihood of Type I error. 
The Student-Newm an-Keuls' (SNK) test was used 
for multiple comparisons of the m eans (Underwood 
1997). Pooling procedures w ere also used w hen 
appropriate according to Winer et al. (1991). 
ANOVAs w ere done using the GMAV5 program  
(University of Sydney).

RESULTS 

Taxonomic composition

The 94 taxa belonged to 9 phyla (Table 1). The 
organism s that w ere not identified at the species level 
w ere aggregated  into higher taxonomic groups. M ore­
over, several algae, sponges and bryozoans w ere not 
easily identifiable and w ere aggregated  in 8 m orpho­
logical groups (Steneck & Dethier 1994): turf-forming 
algae subdivided into filamentous green  algae (genera 
Cladophora and Chaetomorpha) and filamentous dark 
algae (including Ceramium  spp. and Polysiphonia 
spp.), thin tubular sheet-like algae (Rhodymenia 
pseudopalm ata  and N ithophyllum  spp.), encrusting 
coralline algae (Lithophyllum frondosum, Lithophyl­
lum  incrustans, M esophyllum  alternans), encrusting 
sponges (including Didiscus styliferus and Jaspis jo h n ­
stonii), massive sponges (Cacospongia spp., Spongia 
spp., Sarcotragus foetidus), thin encrusting bryozoans, 
and thick encrusting bryozoans (the latter including 
the species Hippaliosina depressa).

Specifically, the most represen ted  groups w ere 
sponges w ith a total of 40 identified taxa, followed by 
algae w ith 14 taxa, bryozoans w ith 12 taxa, cnidarians 
(Hydrozoa and Anthozoa) w ith 10 taxa and molluscs 
(Bivalvia and verm etid Gastropoda) w ith 9 taxa.
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T able  1. T axa re co rd e d  in side  th e  3 caves a n d  co rresp o n d in g  abbrev ia tions

Rhodophyceae
A m p h iro a  sp. A m ph
E n cru stin g  corallines C oral
G elid ia les G elid
P ey sso n n eliaceae  Peyss
Sphaerococcus coronopifolius Scor 

Phaeophyceae
Dictyota d ichotom a  Ddic
H alopteris filicina  Hfil
Padina pavon ica  Ppav

C hlorophyceae
C olpom enia  sinuosa  Csin
P alm ophyllum  crassum  Peras
Valonia m acrophysa  Vm ac

Turf-form ing algae  
F ilam entous d a rk  a lg ae  FDA
F ilam entous g re e n  a lg ae  FGA

Thin tubular sh eet-lik e  a lgae TTS 
Foram inifera
M iniac ina  m in iacea  M m in

Porifera
E n cru stin g  sp o n g es ES
M assive  spo n g es MS
A g e la s  oroides  Aoro
A a p to s  aaptos  A aap
A ca n th ella  acuta  A acu
A xin e lla  sp. Axin
Chondrosia ren iform is  C ren
Clathria toxivaria  C tox
C lathrina  sp. 1 C la l
C lathrina c la thrus  C ia
Cliona celata  C cel
Cliona sch m id ti C sch
Cliona  spp . C lil
C orticium  ca n delabrum  C can
C ram be cram be  C era

D endroxea  len is D len
D iplastrella  sp. D ip ll
D ysidea  sp. D ysl
E rylus eu a stru m E eu a
Ircinia variabilis Ivar
Aferlia norm an i M nor
M yrm ekio d erm a  spelaea M spe
Oscarella  sp. O scl
Paraplysilla spinifera Par
P enares helleri Phel
Petrosia ficiform is Pfici
P horbas fictitius Pfict
P horbas tenacior P ten
P lacospongia decorticans Pdec
P lakina  sp. P lak
Porifera sp. 1 P o ri
Porifera sp. 2 Por2
Porifera sp. 3 Por3
Reniera sarai Rsar
Reniera  sp.1 R en i
Sarcotragus sp inu losus Sspi
Spirastrella  cuncta trix Scun
Spirastrellidae Spir
S ycon  sp. Syc
Terpios fu g a x Tfug

H ydrozoa
H ydroids H ydr

A nthozoa
A nthozoa  sp. A n th
C aryophyllia  sm ith ii Csm i
C ereus p e d u n cu la tu s C p ed
Cladocora caespitosa C cae
C lavu laridae Clav
Leptopsam m ia  p ru vo ti Lpru
M adracis p h a ren sis M p h a
P arazoanthus axinellae Paxi
P olycya thus m u e llera e Pm ue

Polychaeta
Serpu lo idea Serp

Bivalvia
A rca noae A no a
Cham a g ryp h o id es C gry
G astrochaena dubia G dub
Lim a lim a Llim
Lithophaga  lithophaga Llith
O straeid ae O strl
P ygnodonta  cochlear Pcoc
Sp o n d y lu s g a ed ero p u s Sgae

G astropoda
V erm etus  sp. V erm

C irripedia
B alan idae Bar

Bryozoa
E n cru stin g  th in  b ryozoans EB1
E n cru stin g  th ick  b ryozoans EB2
C elleporidae Cell
C th en o sto m ata C the
Frondipora  sp. F rond
Lichenophora radiata L rad
M argaretta  cereo ides M cer
M yriapora truncata M tru
P entapora  sp. P e n tl
Scrupocella ridae Scrup
Sertella  sep ten triona lis Ssep
W atersipora cucullata W cuc

A scidiacea
A scidia sp. As c
A p lid iu m  conicum A con
C ysto d ytes de llech ia je C del
D id em n u m  lahillei D lah
D iplosom a lis terianum Dlist
Pyura dura Pdur

Multivariate analyses

PERMANOVA detected  a significant T x C x A(S) in ­
teraction, indicating that differences in assem blage 
structure among areas within sectors varied across caves 
inconsistently with time (Table 2). Post hoc comparisons 
of assem blages among areas w ithin each T x C x S com­
bination revealed significant differences in 50 out of 60 
sets of 3 tests each. Lack of differences among areas oc­
curred mainly in CIO at SO (Tl), SIO (T4), S20 (T2, T3 
and T4), S40 (T2) and S60 (T3 and T4); and in MAR and 
PRI at S40 (T2 and T l, respectively).

PERMANOVA also detected  a significant T x C x S 
interaction, indicating that differences in assem blage 
structure across sectors varied w ith time and among 
caves (Table 2). Pairwise comparisons of sectors within 
each T x C combination (12 sets with 5 groups com ­
pared  within each set, Table 3) revealed consistent sig­
nificant differences betw een the assem blages at SO 
(i.e. the entrance of the caves) and those at the inner

parts of the caves (S40 and S60). Differences in assem ­
blage structure am ong interm ediate sectors (e.g. the 
comparisons SIO vs. S20 and/or S20 vs. S40) varied 
greatly across caves and times and w ere in some cases 
not in terpretable (e.g. at PRI, T3).

nMDS plots of area centroids at the 4 sampling times 
reflected these general results (Fig. 2). A clear gradient 
of assem blage structure along the exterior-interior axis 
of each of the 3 caves was evident from all plots. With 
the only exception of PRI, w here separation betw een 
SO and SIO was less clearly depicted, areas w ithin SO 
w ere always distinct from areas in S40 and S60. Differ­
ences am ong interm ediate sectors w ere less clear, with 
points referring to areas in different sectors often over­
lapping (Fig. 2).

Assem blage differences along the external-internal 
gradients w ere also highlighted by the CAP analyses 
(Table 4). The percentage of allocation success (i.e. all 
points correctly allocated into each group) was m axi­
mum at all sectors except S40 in CIO and at SO and S60
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T able  2. PERM ANOVA b a se d  on B ray-C urtis dissim ilarities of lo g 10(x+l)- 
tran sfo rm ed  d a ta  from  94 variab les, p -v a lu es w e re  o b ta in ed  u s in g  4999 p e rm u ­
ta tio n s of g iven  p e rm u tab le  rmits. T erm s a lread y  invo lved  in  sign ifican t h ig h er 

o rder in te rac tio n s w e re  no t analyzed . **p < 0.01; ***p < 0.001

Source 
of variation

df SS MS F P M Sdenom

Time = T 3 46822.9449 15607.6483
Cave = C 2 285575.0448 142787.5224
Sector = S 4 1306823.7668 326705.9417
Area(A) = A(S) 10 29643.1769 2964.3177
T x C 6 72540.9071 12090.1512
T x S 12 78150.5525 6512.5460
T x A (S ) 30 113402.0648 3780.0688
C x S 8 341975.5763 42746.9470
C x A(S) 20 58056.4046 2902.8202
T x C x S 24 150419.3346 6267.4723 1.4735 0.0116** T x C x A (S )
T x C x A (S ) 60 255204.2938 4253.4049 3.3176 0.0002*** Residual
Residual 1260 1615431.7963 1282.0887
Total 1439 4354045.8635

Stress: 0.09

Stress: 0.1T3

♦ ♦

T2 Stress: 0.11

' O o ^ o  
cM> zs

Stress: 0.1T4

0 0

SO S10 S20 S 40 S 60
CIO A V □ o O
MAR A ▼ ■ ♦ •
PRI A V □ o O

Fig. 2. nM D S plots sh o w in g  d ifferences of sessile  b e n th o s  assem b lag es am ong  
caves, am o n g  sectors a n d  am o n g  a rea s at th e  4 sam p lin g  tim es (T l: Ju ly  2000; T2: 
N o vem ber 2000; T3: F eb ru a ry  2001; T4: Ju n e  2001). E ach  p o in t re p re se n ts  th e  
cen tro id  of a ssem b lag es from  8 rep lica tes  b a se d  on th e  B ray-C urtis dissim ilarities 
on  lo g 10(x+ l)- tran sfo rm ed  da ta . SO, SIO, S20, S40, S60: secto r 0, 10, 20, 40, 60 m  

from  cave en tran ce , resp ec tiv e ly

in MAR. The lowest allocation success w as achieved 
for the SIO groups in MAR and PRI. Particularly in the 
MAR data, the assem blage structures at SIO and S20 
w ere not distinguishable from the analysis.

Several single variables w ere correlated w ith ca­
nonical axes in the CAP plots (Fig. 3). At SO, the groups

of filamentous green  algae, filam en­
tous dark algae, red  algae of the 
order Gelidiales, encrusting coral­
line and Peyssonneliaceae, and the 
encrusting green  alga Palmophyl­
lum  crassum  characterized the 
assem blages at all caves. The group 
of thin tubular sheet-like algae 
characterized the assem blage at 
CIO and PRI while Sphaerococcus 
coronopifolius and Valonia macro- 
phisa  characterized the assem blage 
at MAR and PRI. With respect to 
invertebrates, boring sponges of the 
genus Cliona spp. contributed to 
discriminate SO in CIO and MAR, 
the boring bivalve Gastrochaena 
dubia and the group of the encrust­
ing thin bryozoans w ere im portant 
in CIO and MAR, respectively, 
w hereas invertebrates w ere not 
im portant taxa in the entrance to 
PRI.

In more than one cave, a set of 
taxa was found which characterized 
the interm ediate sectors (SIO, S20 
and S40). The boring bivalve 
Lithophaga lithophaga  and the 
sponges Clathria toxivaria, Phorbas 
tenacior, Terpios fugax  and Spiras­
trella cunctatrix were  common to all 
3 caves, while the anthozoan Poly­
cyathus m uellerae  and a group of 
encrusting thick bryozoans charac­
terized assem blages only in CIO 
and MAR interm ediate sectors. 
O ther sponges including Agelas  
oroides, Dendroxea lenis, Erylus 
euastrum, Penares helleri and the 
group of encrusting sponges w ere 
im portant in all 3 caves, but in PRI 
they characterized assem blages at 
S40 and S60. The sponge Cliona 
celata was associated w ith the most 
internal sector (S60) in MAR, and 
with interm ediate sectors (SIO 
and S20) in PRI. The sponge Diplas­
trella sp. and the group of poly­
chaetes Serpuloidea characterized 

the inner sectors in all 3 caves. The sector S60 was 
characterized by M yrm ekioderm a spelaea  only in CIO 
and PRI, and by Placospongia decorticans and Aaptos 
aaptos only in MAR and PRI.

Several characterizing taxa w ere found exclusively 
in one cave. In CIO, these w ere the sponges Clathrina
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T able  3. R esults of m u ltivaria te  p a irw ise  com parisons b e tw e e n  th e  5 sectors 
a t e ach  cave a n d  tim e (T l: Ju ly  2000; T2: N o vem ber 2000; T3: F eb ru a ry  2001; 
T4: Ju n e  2001) (follow ing th e  sign ifican t T x C x S te rm  show n  in  T ab le  2). 

See Fig. 1 for full cave n am es

C ave T l T2 T3 T4

CIO 0yl0=20=40y60
10y40

O yl0=20=40y60 0yl0=20y40y60 0yl0=20=40y60
10y40

MAR 0yl0=20=40y60 0yl0=20y40y60 0yl0=20y40y60 0yl0=20=40y60

PRI 0=10y20y40y60
10=20=40=60

0=10^20=40=60 0=10y20y40y60 
10=20y40y60 
20=40y60 
40=60

0=10y20y40=60
60=20

clathrus in the interm ediate sectors, and Clathrina sp. 
1, Corticium candelabrum, Plakina sp., Reniera sarai, 
and Reniera sp. at S60. In MAR, exclusive taxa w ere 
found at SIO, S20, and S40; the sponge Merlia nor­
mani, the anthozoan Leptopsammia pruvoti, the gas­
tropod Verm etus sp., the bryozoan Watersipora cucul­
lata, and a suite of species belonging to the families 
Scrupocellaridae and Celleporidae. In PRI, assem ­
blages at SIO and S20 w ere characterized by the 
sponge Phorbas fictitius, the anthozoan Parazoanthus 
axinellae and the ascidian Cystodytes dellechiaje.

Univariate analyses

The analysis of m ean num ber of taxa detected  the 
significance of the interaction term s T x C x A(S) and T

x C x S (Table 5), indicating differences 
am ong and w ithin sectors that changed 
interactively with time and across 
caves.

SNK tests and visual inspection of 
graphs (Fig. 4) suggested that the 
m ean num ber of taxa did not change 
in parallel w ith the exterior-interior 
axis of the caves. At MAR, the lowest 
values w ere recorded at S60 at all 
sam pling times. Such a pattern, how ­
ever, was reversed at CIO, w here the 
richness of taxa w as lowest at SO. Dif­
ferences w ere also not interpretable 
according to the axis at PRI, w here the 

highest m ean num ber of taxa was recorded at S20, 
the lowest at SO.

The analysis of percent substrate cover by algae 
and sessile animals detected  a significant T x C x 
A(S) interaction term, suggesting significant differ­
ences am ong areas that varied across sectors and 
caves, inconsistently w ith time (Table 5). The analy­
ses also highlighted the significance of the term  C x S 
(Table 5), suggesting that changes in percentage 
cover am ong sectors w ere not consistent across caves. 
Comparisons of sectors w ithin each level of the factor 
Cave indicated a clear pattern  of reduction in sub­
strate cover from the entrance to the inner part of the 
cave only at MAR (Fig. 5). At both CIO and PRI, dif­
ferences in percent cover among sectors w ere com ­
plex and not in terpretable according to the exterior- 
interior axis.

T able  4. R esults of CAP analyses ex am in in g  effects of sec tor w ith in  e ach  of th e  3 caves (see Fig. 1). m: no. of PC O  axes u se d  in  
th e  CAP p ro ced u re ; % var: p e rc e n ta g e  of to ta l v a rian ce  ex p la in ed  b y  PC O  axes; 82i a n d  822 th e  sq u a re d  canonical corre lations 

for th e  2 canon ica l axes; % All. Succ.: p e rc e n ta g e  of po in ts correctly  a llo ca ted  in to  eac h  group

C ave m % var S2i S22 Sector
SO SIO

— C lassified  as: -  
S20 S40 S60 Total

% All. Succ.

CIO 8 96.62 0.98 0.93 SO 12 0 0 0 0 12 100
SIO 0 12 0 0 0 12 100
S20 0 0 12 0 0 12 100
S40 0 0 2 10 0 12 83
S60 0 0 0 0 12 12 100

Total 97
MAR 6 80.82 0.93 0.90 SO 12 0 0 0 0 12 100

SIO 2 5 5 0 0 12 42
S20 0 1 9 2 0 12 75
S40 0 1 2 9 0 12 75
S60 0 0 0 0 12 12 100

Total 78
PRI 6 83.95 0.92 0.83 SO 11 1 0 0 0 12 92

SIO 2 7 3 0 0 12 58
S20 0 0 11 1 0 12 92
S40 0 0 1 10 2 12 83
S60 0 0 0 1 11 12 92

Total 83



B ussotti e t al.: Sessile  b en th o s  in  m arin e  caves 115

CIOPeyss 
CM 11 poral

'TTS SO
Gelii ’Cras

co,
™  0.0 S10

Plak 
~  Cla1Ccan '

CL -0 .1  - Rsar
Mspe S20

Serp AbroS60 Dfen
- 0.2  - S40

- 0.2 - 0.1 0.0  0.1 
CAP axis 1 (ô2 = 0.98)

0.2

CAP axis 1 (ô2 = 0.93)

MARPeyss 
Coral e b i

GA
A

Scor

mac

X -0 .1

1oralP?yS^G A  
Peras

-0 .1  0 .0  0.1 

CAP axis 1 (ô2 = 0.92)
Fig. 3. CAP p lo ts sh o w in g  canon ica l axes th a t b e s t d iscri­
m in a te  assem b lag es a t th e  5 d ifferen t sectors. See T ab le  1 for 
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DISCUSSION

The results of this study indicate that the structure 
of the assem blages changed sharply along the ex te­
rior-interior axis of the 3 caves, w ith some taxa occur­
ring at some distances from the entrance but not at o th­
ers. Several taxa w ere recorded from only one cave 
and, often, different taxa characterized equivalent sec­
tors in the 3 caves. However, the general pattern  of dif­
ferences along the gradient was not consistent in time 
and across caves and was blurred  by differences in 
assem blage structure occurring am ong areas within

sectors. Our results therefore suggest that highly com ­
plex processes govern such spatio-tem poral distribu­
tion patterns and that most of the ecological processes 
commonly invoked as major determ inants of the struc­
ture of natural assem blages are context- and scale- 
dependent.

Differences in benthic assem blages along the ex te­
rior-interior axis of the 3 caves reflect a common p a t­
tern, already reported  in the literature by several 
authors (e.g. Cinelli et al. 1977, Balduzzi et al. 1989, 
Zabala et al. 1989). Red encrusting and filamentous 
g reen  algae characterized the entrances of the 3 caves 
for about 10 m inwards. Probably related  to the 
absence of other successful competitors such as algae, 
sponges w ere quantitatively dom inant in the in term e­
diate and inner sectors. Moreover, encrusting forms of 
sponges characterized the innerm ost sectors of all 
caves, as observed also by Bell (2002) on the cliff walls 
of an Atlantic m arine cave. We have not provided m ea­
sures of current velocity inside the caves but the p res­
ence of these grow th forms, w hich resist dislodging in 
fast and turbulent flow regim es (Bell & Barnes 2000) 
leads us to hypothesize that in some cases fast currents 
and turbulent flows may characterize even shallow 
blind caves, in contrast w ith the classical model of 
reduced hydrodynam ic regim e from the entrance 
towards the inner portions.

A lthough the horizontal zonation clearly em erges as 
a main pattern  in the 3 caves, a simple gradient alone 
cannot explain all the variability observed in sessile 
benthos among areas w ithin sectors. This result is not 
surprising since all the recent attem pts at describing 
the distribution of populations and species assem ­
blages along environm ental gradients unequivocally 
showed the presence of other sources of variation 
influencing both spatial and tem poral distribution 
patterns of benthic organism s (Benedetti-Cecchi et al. 
1998, M enconi et al. 1999, Benedetti-Cecchi 2001, 
G iangrande et al. 2003, Terlizzi et al. 2003, in press, 
Fraschetti et al. 2005). Inside a single cave, Airoldi & 
Cinelli (1996) detected  small-scale spatial variability of 
fluxes of particulate material. From this perspective, 
small-scale heterogeneity  inside caves (e.g. small p ro ­
tuberances, hollows, flats, silt deposits on walls) may 
lead to m icrohabitat complexity affecting recruitm ent 
and biological interactions of established organisms 
(Balduzzi et al. 1989, Benedetti-Cecchi et al. 1996).

The role of competition in influencing the distribu­
tion of cave benthic assem blages is largely unknown, 
notw ithstanding its recognized im portance in affecting 
natural communities at small spatial scales (Jackson 
1977, Buss & Jackson 1979, Sebens 1982). Buss & 
Jackson (1981) stressed the potential for competition 
for food in cryptic epibenthic fauna w hen high levels 
of depletion occur. Inside caves, Benedetti-Cecchi et
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Table 5. Results of analyses of variance on mean number of taxa and percentage 
cover of benthic organisms. Terms already involved in significant interactions 

were not analyzed, ns: not significant; **p < 0.01, ***p<0.001

Source 
of variation

df No. of taxa 
MS F

Total cover 
MS F

Time = T 3 127.95 4660.48
Cave = C 2 294.87 5833.24
Sector = S 4 1425.26 42350.34
Area = A(S) 10 37.85 465.51
T x C 6 34.70 835.34
T x S 12 31.00 1401.44
T x A(S) 30 18.78 585.35
C x S 8 357.89 9844.18 27.80***
C x A(S) 20 16.70 535.74
T x C x Sa 24 25.20 1.87** 738.18 1.49
T x C x A(S) 60 13.48 1.87*** 495.38 1.83***
Residual 1260 7.21 271.18
Total 1439
Cochran Test 0.02ns 0.18ns
Transformation None None

aMS component pooled in analysis to obtain appropriate denominator

al. (1996, 1998) revealed the superior competitive abil­
ity of the  larger organisms (i.e. the sponge Geodia 
cydonium) bu t also suggested a m echanism  of com pe­
tition through pre-em ption of the substratum : once 
adults gain access to space, they cannot be competi­

tively displayed and m aintain their 
dom inance for an extended period 
(Connell & Slatyer 1977, U nderwood & 
Denley 1984). Biotic interactions, th ere ­
fore, may largely contribute to the 
heterogeneity  am ong (and within) 
caves.

Trends of total cover w ere not consis­
ten t with previous observations of a 
progressive decrease in total cover 
from the entrance tow ards the inner 
portions of blind caves (e.g. Harmelin 
et al. 1985, Gili et al. 1986, Balduzzi et 
al. 1989, Corriero et al. 2000). W hereas 
in MAR total cover in the innerm ost 
sector was significantly lower than in 
the  outer sectors, high total covers w ere 
found in the inner sectors of the  CIO 
and PRI caves. Furtherm ore, hydroids 
of the genus Eudendrium  w ere also 
observed in the dark inner reaches of 
MAR. Boero (1985) and Balduzzi at al. 

(1989) suggested  tha t the penetration of passive sus- 
pension-feeders such as hydroids inside m arine caves 
is lim ited by conditions of insufficient w ater renewal. 
Given the  presence of these organisms, an  abrupt 
decline of w ater renew al is unlikely to have occurred
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Fig. 4. Spatial and temporal patterns of species richness (mean number of taxa ± SE, n = 8). For each sector, 3 areas were sampled
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and a decline in food availability in the inner part of 
the cave should be excluded.

The differences among caves m ight depend on local 
differences in species distribution outside the caves. 
Several taxa characterizing the outerm ost sectors of 
the 3 caves are common in the subtidal rocky reefs of 
the sam e stretch of coast (Fraschetti e t al. 2001 r Terlizzi 
e t al. in press). However, a suite of taxa w as exclusive 
to each cave and, in general, the organism s most 
responsible for the high heterogeneity  am ong caves 
inhabited the inner portions (e.g. the encrusting 
cheilostome bryozoan Watersipora cucculata, the 
sponges Corticium candelabrum and Placospongia 
decorticans, and the ascidian Cystodites dellechjaie). 
Results suggest that peculiar features characterize 
each  cave, and also indicated a substantially low 
tem poral variability in the structure of assem blages. 
Similar considerations are reported in the literature: 
Sara (1978) stressed that assem blages of marine 
caves generally  show a high degree of individuality. 
Harm elin (1985) suggested that the relative stability of 
environm ental factors in the inner portions of the caves 
(Riedl 1966, Harm elin et al. 1985, Bianchi e t al. 1996) 
could facilitate the persistence of populations well 
represen ted  in certain caves but absent or rare in 
adjacent ones.

The caves w e investigated w ere rather close to each 
other, so differences in larval dynam ics due to large- 
scale hydrographic processes can be excluded. Spe­
cies w ith short-lived larvae can have patchy distribu­

tion, being strongly affected by the location of source 
populations (Bingham 1992, Fraschetti et al. 2003) but 
such aspects require further investigation inside 
caves. For instance, encrusting cheilostome bryozoans 
are good competitors for space, but they have low 
recruitm ent rates (McKinney & Jackson 1989, H errera 
e t al. 1996); in addition sponge and ascidian larvae 
are generally  reported as short-lived ( S vane & Young 
1989, M aldonado & Bergquist 2002). Encrusting 
cheilostome bryozoans (such as the bryozoan Hippo- 
liosina depressa) and some sponge species (e.g. Plak­
ina sp.) w ere found in only one cave. Harmelin (1997) 
suggested that the occurrence of some bryozoan sp e­
cies in caves from the Provence region (France, 
M editerranean Sea) could be related to low dispersal 
capability. M uricy et al. (1996), studying sponges of 
the genus Plakina in the sam e region, hypothesized 
that m arine caves m ay function as islands supporting 
isolated populations.

Uniqueness is an im portant requisite to set conserva­
tion priorities, especially for those ecological systems 
that, at present, are among the few marine habitats 
protected by the European Community (Habitat Direc­
tive 92/43 EEC). Since, from our results, peculiar ben ­
thic assem blages inhabit each cave, much deeper 
know ledge of these unique systems is needed to m ake 
decisions about which and how m any caves need 
protection, so as to include proper representation of 
species and the relevant ecological processes operat­
ing in the different caves.
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In conclusion, the present results are consistent with 
previous findings of the influence of environm ental 
gradients on the distribution of cave benthos, but sug­
gest that generalizations of results from a single cave, 
are not appropriate since multiple and interactive 
ecological processes shape cave assem blages in com ­
plex ways. Unravelling the interplay of different ab i­
otic and biotic factors acting at different spatial and 
tem poral scales rem ains a major challenge in these 
environments.

A ck n o w led g e m e n ts .  R esearch  fu n d e d  by  th e  'R egione P ug lia ' 
INTERREG II Ita ly -G reece, a n d  M IGORIAP p ro jects. T he n e t­
w o rk  of ex ce llence  'M arine  B iodiversity a n d  E cosystem  F u n c ­
tio n in g ' (MARBEF) fu n d e d  b y  th e  E u ro p ea n  C om m unity  
Sixth F ram ew ork  P rogram m e (contract no. G O CE-CT-2003- 
505446) p ro v id ed  fu rth e r support. T he p a p e r  b e n e fite d  from  
discussions d u rin g  th e  tra in in g  course (partially  fu n d e d  by 
MARBEF) 'B iodiversity, p h y to g en y  a n d  ecology of Porifera ' 
h e ld  at S ta tion  M arine  d 'E n d o u m e  (France) in  Ju ly  2005. 
Iden tification  of dubious sp ec im en s w as p e rfo rm ed  by: M. 
C a tra  a n d  M. C orm aci (algae); C. C erran o  a n d  K. Longo 
(sponges); H. Z ibrow ius (anthozoans); C. C him enz (bry­
ozoans); an d  F. M astro to ta ro  (ascidians). M. M etrango lo  and  
L. M uscogiuri a ssisted  w ith  th e  analysis of slides. F. D enitto , 
A. C ostan tin i, R. O norato , M. Poto a n d  C. V aglio p ro v id ed  
in v alu ab le  h e lp  d u rin g  fieldw ork. T he final version  of this 
m an u scrip t g rea tly  b e n e fite d  from  com m ents m ad e  b y  F. 
M icheli a n d  2 anonym ous re fe rees .
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