
Vol. 212: 1 -1 2 ,2 0 0 1 MARINE ECOLOGY PROGRESS SERIES 
M ar Ecol Prog Ser P u b lish ed  M arch  8

Spatial variability and human disturbance in 
shallow subtidal hard substrate assemblages: 

a regional approach

Simonetta Fraschetti1*, C. Nike Bianchi2, Antonio Terlizzi1, Giovanni Fanelli3,
Carla Morri4, Ferdinando Boero1

'D ipartim ento di B iología , Stazione di B io log ía  M arina di Porto C esáreo, CoNISM a, U niversité di Lecce, 73100 Lecce, Italy 
2M arine Environm ental Research Centre, ENEA Santa Teresa, PO Box 316, 19100 La Spezia, Italy 

3Istituto Sperim entale T alassografico del CNR ‘A. Cerruti', Via Roma 4, 74100 Taranto, Italy 
4DipTeRis, D ipartim ento per lo  studio del Territorio e d e lle  sue R isorse, U niversité di G enova, C orso Europa 26,

16132 G enoa, Italy

ABSTRACT: Quantitative information about spatial patterns in subtidal hard substrate assem blages 
is scant. Such information is necessary to understand the responses to anthropogenic disturbances in 
these habitats. Along the coast of Apulia (Southern Italy), the collection of the European date mussel 
Lithophaga lithophaga  is a strong source of disturbance: harvesting is carried out by demolition of the 
rocky substrate and causes epibiota disappearance. A hierarchical sam pling design was used to 
quantify the spatial variability of subtidal epibenthic assem blages and the extent of rock dam age due 
to L. lithophaga  harvesting along 360 km of rocky coasts in Apulia. The surveyed coast was divided 
into 8 adjacent sectors, and replicate sam ples w ere taken  by visual inspection at each of the 3 sites 
nested in each sector. M ultivariate analyses indicated that assem blages differed consistently with 
spatial scale, variability being higher at the largest scale. However, variability am ong sites within 
each sector was also detected. Patchiness (i.e.. average similarity am ong quadrats) was consistent 
am ong sectors. Some species w ere identified as ‘im portant’ in characterising and/or differentiating 
sectors. The pattern  of distribution of these species as well as total cover and num ber of species w ere 
analysed by analysis of variance. Results recorded a considerable source of variation at site level. 
Damage by L. lithophaga  fishing was shown to be extremely w idespread. A hum ped relationship 
betw een patchiness and disturbances by L. lithophaga  fisheries was obtained. In particular, patchi­
ness at a small scale was highest at ‘interm ediate’ levels of dam age, because disturbance produces 
patches of different size and/or age. leading to ‘mosaic’ landscapes of epibenthic assemblages.
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INTRODUCTION

The change in environm ental conditions and the 
impact of hum an activities can be the main causes of 
landscape heterogeneity at different scales, from local 
patchiness to variation along climatic gradients (Levin

*E-mail: sfrasca@ ilenic.unile.it

1992, Tilman & Kareiva 1997). Linkage across multiple 
scales is increasingly considered by ecologists (Peter­
son & Parker 1998). The proposal of macroecology 
(Brown 1995, M aurer 1999) as a way to reconcile bio­
geography and ecology mainly focuses on terrestrial 
habitats (Boero 1999). Its rationale should be equally 
applicable to marine environments. The com plem en­
tary vision of landscape ecology is again primarily 
interested in terrestrial environm ent (Forman & Godron
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1986, Farina 1998), but the application of these con­
cepts to the sea is timely (Cocito et al. 1991, Garrabou 
et al. 1998a, Smith & Witman 1999).

The most obvious distribution pattern  of hard sub­
strate marine communities is vertical zonation, which 
is often explained with the variation of environm ental 
factors such as light (Pérès 1982) or w ater movement 
(Riedl 1971). A ttention towards abiotic factors charac­
terised the continental-European approach, w hereas 
British and American ecologists, often dealing with 
intertidal communities only (Connolly & Roughgarden 
1999), mainly invoked biotic interactions to explain 
community patterns. Following Dunson & Travis (1991), 
Barry & Dayton (1991) re appraised the ecological im ­
portance of physical factors in the organisation of 
marine communities. Since competition operates at a 
more local scale than climate, consideration of scale is 
a way to reconcile the 2 approaches.

The large-scale distribution of subtidal marine biota 
mostly concerns biogeography and has rarely been 
linked to ecological features, especially in the case of 
rocky substrates. M any m odern studies of ecological 
patterns concentrate on small-scale structuring pro­
cesses, such as competition and predation, or local he t­
erogeneity w ithin habitat (Chapman 1994, Thompson 
et al. 1996, Benedetti-Cecchi et al. 1999). Whilst the 
need to detect community variability at different spa­
tial scales is widely recognised (Butler & Chesson 1990, 
Hewitt et al. 1998), few studies of marine hard sub­
strata have explicitly em braced a hierarchy of spatial 
scales (Glasby 1999). Most information derives from 
the intertidal (Paine et al. 1985, Underwood & C hap­
m an 1996, 1998a,b. Benedetti-Cecchi et al. 2000): but, 
in the constantly subm erged subtidal, the influence of 
gradients of spatial scales larger than tens of m etres on 
biodiversity is a growing field of interest (Kennelly & 
Underwood 1993, C hapm an et al. 1995, Cornell & Karl- 
son 1996, Roberts 1996, G uichard & Bourget 1998, 
H ughes et al. 1999, Smith & Witman 1999). The scant 
information available on the subtidal means that possi­
ble linkages betw een large- and small-scale processes, 
in areas from patches to landscapes, are poorly under­
stood. Probably, the paucity of data available on this 
topic is also linked to the fact that large-scale research 
in the subtidal is expensive and severely time-limited 
by logistics.

Subtidal rocky substrates of the M editerranean Sea 
are intensively used by hum ans for a num ber of activi­
ties, w hich range from seafood collection to diving 
tourism (Garrabou et al. 1998b). A high percentage of 
the coast of Apulia (South-Eastern Italy, betw een  the 
Southern Adriatic and Ionian Seas) is of g reat signi­
ficance in social-economic term s for fisheries and 
tourism. The coast of Apulia is several hundreds of km 
long (Fig. 1) and is characterised by long rocky

stretches, separated  by sandy beaches. The geogra­
phic position and variety of the coast m ake the subtidal 
communities of Apulia extrem ely varied in term s of 
species composition and biogeographic affinities (Be- 
dulli et al. 1986, Damiani et al. 1988).

Two surveys carried out in the last 10 yr (Fanelli et al. 
1994) revealed that Apulian rocky subtidal habitats are 
continuously subjected to the intensive hum an p reda­
tion on the European date mussel Lithophaga litho­
phaga. Date mussel collection requires breaking of 
rocks to expose the molluscs, causing the destruction 
of the epibiota (Russo & Cicogna 1992, Fanelli et al. 
1994). This leads to either complete desertification or 
‘mosaic’ landscapes of epibenthic assem blages. The 
im portance of this phenom enon was rem arked on by 
Naylor (1995), while Dayton et al. (1995) and Haii 
(1999) cited it as a prime exam ple of fishery distur­
bance on subtidal hard substrates.

During the spring of 1997, we surveyed the rocky 
coasts of Apulia, analysing the subtidal sessile epibiota 
across spatial scales ranging from metres to hundreds 
of km. A hierarchical sam pling design provided a 
fram ework for quantifying the variation am ong sam ­
ples due to each spatial scale (Underwood 1997). We 
chose to sam ple subvertical rocky walls at about 5 m 
depth, usually characterised by more or less diverse 
algal assem blages (Pérès 1982).

The present paper describes tests of hypotheses 
about spatial distribution of such epibenthic assem ­
blages. Disturbance, however, plays a major role in 
creating different patterns of change from place to 
place (Connell & Sousa 1983, Airoldi 1998). Thus, in 
addition, the study evaluates the extent of rock dam ­
age due to L. lithophaga  fisheries and how this form of 
disturbance could play a role in influencing the pattern 
of natural variability of epibenthic assemblages.

Most published studies focus on the spatial variation 
of m ean abundance of either individual species, sets of 
interacting species, or so-called functional groups of 
species. H ere the spatial variability has been  evaluated 
considering the pattern  of distribution of species 
richness, total cover, community structure (i.e., quali- 
quantitative species composition), and ‘im portant’ taxa 
(i.e., those whose relative cover characterises and/or 
differentiates assem blages).

METHODS

Study sites and sampling. From 12 to 23 May 1997, a 
survey from Peschici (41°57’N, 16°00’E) to Taranto 
(40°24’N, 17°12’E), Southern Italy, was carried out, 
covering most of the Apulian coast. The surveyed area 
was divided into 650 sections of 1 km each, and only 
the 360 sections w ith rocky substrates w ere consid­
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Fig. 1. S u rv ey ed  coast a n d  its position ing  in  th e  M e d ite rran e a n  reg ion . T he sam p lin g  sites (1 to 3), random ly  se lec ted  am o n g  
rocky  su b s tra te  sections w ith in  e ac h  of th e  8 sec to rs (A to  FI), a re  show n

ered. These w ere grouped into 8 adjacent sectors, hav­
ing unequal total length because of different propor­
tions of sandy and rocky bottoms, but all including 45 
rocky sections. In each sector. 3 sam pling sites w ere 
randomly selected out of the 45 sections (Fig. 1). Subti­
dal sessile epibiota was investigated by visual estim a­
tion of 3 random  quadrats on sub-vertical rocky sur­
faces at about 5 m depth. Thus. 3 spatial scales w ere 
considered: small (2 to 15 m). variation betw een 
quadrats at each site: interm ediate (3 to 21 km), varia­
tion betw een sites within sectors: and broad (45 to 
500 km), variation betw een sectors.

A single team  of 5 researchers perform ed sampling 
operations. Sam pling quadrats w ere 1 m2 divided into 
25 equal squares. The percent substrate cover by 
conspicuous organisms was quantified by giving each 
individual taxon a score ranking from 0 to 4 in each 
smaller square, and then adding up scores for all the 
smaller squares w here the taxon was present. Final 
values w ere expressed as percentages. Organisms 
filling less than x/\ square w ere given an arbitrary

value of 0.5 (Dethier et al. 1993). Conspicuous organ­
isms w ere directly recognised in the field: specimens 
w ere collected for later identification only w hen in 
doubt.

At each site, the presence of date mussels (as living 
specim ens or as empty galleries) was recorded. The 
im pact of Lithophaga lithophaga  fisheries w as as­
sessed in 5 randomly selected surfaces of 10 x 2 m. 
Rock dam age m easurem ents w ere obtained by consid­
ering the size and frequency of disturbed patches (e.g.. 
evident breaks in the rocks). For each sam pling sur­
face a score ranging from 0 to 7 was assigned following 
the dam age evaluation categories reported in Fanelli 
et al. (1994). Observed values w ere then divided by 7 
to relate the observed dam age to the maximum possi­
ble dam age, obtaining a w eighted index of rock dam ­
age (Dw) ranging betw een 0 (absence of damage) and 
1 (complete desertification).

Statistical analysis. Spatial patterns of total cover 
and species richness w ere exam ined by 2-way 
ANOVA (GMAV5, University of Sidney). Sectors w ere
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considered as random  factors, sites w ere randomly 
nested in sectors, and quadrats provided 3 replicates. 
The hom ogeneity of variance was tested by C ochran’s 
test (C) (Underwood 1997).

Analysis of similarities (ANOSIM, Clarke 1993) was 
used to com pare community structure w ithin and 
am ong sectors, under the hypothesis that assem blages 
differ at the broad spatial scale (among sectors) but not 
at the smaller spatial scale w ithin each sector (among 
sites). Comparisons w ere based on Bray-Curtis similar­
ity values (SBC) (Bray & Curtis 1957) calculated on all 
taxa w ithin each quadrat (PRIMER, Plymouth M arine 
Laboratory, Clarke 1993). Data w ere fourth root trans­
formed to arrange all organisms in the sam e range of 
abundance.

To test the hypothesis of higher similarities among 
sites w ithin the sam e sector than am ong sites from 
different sectors, the m ean dissimilarities am ong sites 
in each sector (1 -  S BC) w ere com pared to the aver­
age dissimilarity (and 95%  confidence limits) among 
the rem aining sectors. Differences am ong sectors, as 
well as am ong sites w ithin each sector, w ere rep re ­
sented by non-metric multidimensional scaling ordi­
nations (MDS), considering site centroids (the m ean 
cover values of each taxon in the 3 replicate quadrats 
of each site) and sector centroids (the m ean cover val­
ues of each taxon in the 3 sites of each sector). Stress 
values w ere shown for each MDS plot to indicate 
the goodness of representation of differences among 
samples.

The average dissimilarity w ithin a site w as used 
to m easure variability am ong replicate quadrats. 
ANOVA was perform ed to test the hypothesis that 
variability w ithin sites (i.e., community patchiness) dif­
fered am ong sectors. Sectors w ere random  factors, and 
sites provided 3 replicate readings.

SIMPER (Clarke 1993) was used to identify ‘impor­
tan t’ taxa. These had covers that contributed more 
than  10% to similarity am ong sites within each sector 
and/or that accounted for at least 5% of the average 
dissimilarity among sectors. The spatial patterns of 
these im portant taxa w ere exam ined using ANOVA. In 
some cases, the variances of species cover did not m eet 
the assum ption of hom ogeneity (p > 0.05). N everthe­
less, since ANOVA is considered sufficiently robust to 
the departures from the assumption, the analyses w ere 
still in terpreted  with the more conservative probability 
level of 0.01 (Underwood 1997).

Spatial patterns of rock dam age w ere examined 
using 2-way ANOVA to test for differences am ong and 
w ithin sectors. To test for relationship betw een com­
munity patchiness and rock dam age, values of dissim­
ilarity w ithin sites (1 -  S BC) w ere plotted against the 
values of Dw averaged for each site. This relationship 
w as described by polynomial regression.

g
o  1.0-1
a>

A1 A2A3 1 B1 B2B3 1 C1 C2C3 1 D1 D2D3 1 E1 E2 E3 1 F1 F2 F3 1 G1G2G3 1 H1H2H3

Fig. 2. S patia l p a tte rn  o f w e ig h ted  index  of rock  d am ag e  (Dw) 
(m ean + SE, n  = 5)

RESULTS 

Disturbance by date mussel fisheries

The 3 sites of Sector A (Gargano peninsula) w ere 
unaffected by date mussel fisheries, possibly because 
substrate or other conditions are not suitable for abun­
dant date mussel settlem ent. Rock dam age due to 
Lithophaga lithophaga  fisheries w as w idespread in 
most of the rem aining 21 sites suitable for date mussel 
settlem ent (mean Dw = 0.35, SE = 0.06, n = 21). Signifi­
cant differences w ere detected am ong sectors (2-way 
ANOVA, F 7 i6 = 3.51, p < 0.05). Sector H showed the 
highest values of rock dam age (mean Dw = 0.80 SE = 
0.11, n = 3), whilst the lowest dam age w as recorded in 
Sector E (mean Dw = 0.09 SE = 0.04, n = 3) (Fig. 2). Rock 
dam age varied significantly also am ong sites within 
sectors (F16 48 = 2.26, p < 0.05).

Substrate cover

The total am ount of substrate covered by algae and 
sessile animals ranged from 12 to 96%, w ith a global 
average value of 52.8% (SE = 2.2, n = 72). Cover did 
not vary significantly am ong sectors (2-way ANOVA, 
F 7 16 = 1.25, p > 0.05). Significant differences w ere 
found am ong sites w ithin sectors (F16 48 = 3.29, p < 
0 .001 ) .

Species richness

A total of 91 taxa w ere recognised in the field 
(Table 1). Almost all taxa w ere identified to species 
level, except for a few groups in w hich a consistent 
species distinction in all quadrats turned out to be 
impossible. Later exam ination of voucher specimens 
m eant that the identified group ‘Encrusting calcified
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T able  1. T axonom ic list o f th e  sp ec ies  (or sp ec ies  groups) reco rd ed

R hodophyceae Porifera (continued)
F ilam en tous red  a lg ae H aliclona  sp.
E n cru s tin g  calcified  red  a lg ae H em im yca le  colum ella  (B ow erbanki
A m p h iro a  sp. Ircinia oros (Schmidt)
Corallina e longata  Ellis e t S o lan d er Ircinia variabilis (Schm idt)
H aliptilon v irga tum  (Zanardini) G a rb ary  e t Jo h a n se n Peraplysilla sp in ifera  Schulze
D udresnaya  verticillata  (W ithering) Le Jolis Petrosia fic iform is  (Poiret)
Jania ru b e n s  (L.) L am ouroux Phorbas fic titiu s  (B ow erbanki
Laurencia  obtusa  (Hudson) L am ouroux Phorbas tenacior  (Topsenti
Liagora viscida  (Forsskâl) C. A g ard h Tethya  aurantium  (Pallas)
P eyssonnelia  d u b y i  C ro u an  e t C ro u an H ydrozoa
P eyssonnelia  squam aria  (Gnrelin) D ecaisne H ydro ids
Scinaia furcella ta  (Turner) J. A g ard h
Sphaerococcus coronopifo lius  S tackhouse A nthozoa

A ip tasia  m u ta b ilis  (G ravenhorst)
P haeophyceae A n em o n ia  viridis (Forsskâl)

F ilam en tous b ro w n  a lg ae B alanophyllia  europaea  (Risso)
C olpom enia  sinuosa  (M ertens) D erbs e t Solier C ereus p e d u n cu la tu s  (Pennant)
C ystoseira com pressa  (Esper) G erloff e t N izam udd in Cladocora caespitosa  (L.)
D ictyopteris p o lyp o d io id es  (De C andolle) L am ouroux C orynactis viridis  A llm an
D ictyota d icho tom a  (Hudson) L am ouroux M aasella  ed w a rd si L acaze-D uth iers
D ictyota spiralis  M o n tagne Parazoanthus axinellae  (Schmidt)
S typocau lon  scoparium  (L.) K ützing
Padina pavo n ica  (L.) Thivy Polychaeta

P seudo lithoderm a  adria ticum  (Hauck) V erlaque Serpu lids
S argassum  vulgare  C. A g ard h Bivalvia
Zanardinia  p ro to typ u s  (Nardo) N ardo M ytilu s  galloprovincia lis  L am arck

C hlorophyceae O strea ed u lis  L.

F ilam en tous g re e n  a lg ae S p o n d y lu s  g a ed ero p o u s  L.

A cetabularia  aceta b u lu m  (L.) Silva G astropoda
A n a d yo m en e  stellata  (Wulfen) C. A g ard h Serpulorb is arenaria  (L.)
C ladophora  sp. V erm etu s triquetrus  Ant. B ivona
C odium  bursa  (L.) C. A g ard h C irripedia

B alanus perfo ra tu s  B rugu ièreC odium  e ffu su m  (Rafinesque) D elle C hiaje 
C odium  verm ilara  (Olivi) D elle  C hiaje
Flabellia p e tio la ta  (Turra) N izam udd in Bryozoa
H alim eda  tuna  (Ellis e t Solander) L am ouroux C alpensia  nob ilis  (Esper)
P alm ophyllum  crassum  (Naccari) R abenhorst Frondipora verrucosa  (Lam ouroux)
Ulva la e tev iren s  C. A g ard h M yriapora truncata  (Pallas)
Valonia m a crophysa  K ützing R ep ta d eo n e lla  violacea  Jo h n sto n

Porifera
A ca n th ella  acuta  Schm idt 
A p lysin a  aerophoba  Schm idt

Schizoporella  longirostris  H incks
Scrupocellaria rep ta n s  (L.) 
Sertella  sep ten triona lis  H arn rer

A xin e lla  cannabina  (Esper) A scidiacea
A xin e lla  p o lyp o id e s  Schm id t A p lid iu m  conicum  Olivi
C hondrilla nucu la  Schm idt A p lid iu m  pro life ru m  (M ilne-Edw ards)
C hondrosia ren ifo rm is  N ardo B otryllus schlosseri (Pallas)
Cliona celata  G rant C ystod ites dellech ia je i (Della Valle)
Cliona copiosa  Sarà D id em n u m  m a cu lo su m  (M ilne-Edw ards)
Cliona rhod en sis  R utzler e t B rom ley D iplosom a lis terianum  (M ilne-Edw ards)
Cliona viridis (Schmidt) H alocynth ia  papillosa  (L.)
C ram be cram be  (Schmidt) M icrocosm us  sp.
G uancha lacunosa  (Johnston) Perophora viridis Verrili
H alichondria p a n icea  (Pallas) P olysyncraton lacazei  (Giard)

red a lgae’ included at least the species Lithophyllum  
frondosum  (Dufour) Furnari, Cormaci et Alongi, Litho­
phyllum  incrustans Philippi. M esophyllum  alternans 
(Foslie) Cabioch & M endoza and Peyssonnelia po ly ­
morpha  (Zanardini) Schmitz. Similarly. Aglaophenia

tubiformis M arktanner-Turneretscher, Eudendrium  
capillare Alder. Eudendrium  ramosum  (L.). Plumularia 
sp.. Sertularella eUisi (Deshayes et M ilne-Edwards), 
Synthecium  evansi (Ellis et Solander) and Ventromma 
halecioides (Alder) w ere recognised w ithin the group
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T able  2. S ignificant d ifferences in com m unity  s tru c tu re  
(ANOSIM) am o n g  sites in e ach  sec to r (n = 3 q u a d ra ts  p e r  site: 

*p < 0.05: **p < 0.01)

if
A1 A2 A3 1 B1 B2 B3 1 C1 C2C3 1 D1 02 D3 1 E1 E2 E3 1 F1 F2 F3 1 G1 G2G3 1 H1 H2H3

A1 A2A3 1 B1 B2B3 1 C1 C2C3 1 D1 D2D3 1 E1 E2E3 1 F1 F2 F3 1 G1G2G3 1 H1H2H3

Fig. 3. S p atia l p a tte rn  of (a) p e rce n ta g e  su b stra tu m  cover 
(m ean + SE, n  = 3) a n d  (b) sp ec ies  rich n ess (m ean n u m b er of 

tax a  + SE, n  = 3)

‘H ydroids’, and H ydroides pseudouncinatus  Zibrow­
ius, Pomatoceros triqueter (L.), Protula tubularia 
(Montagu), Serpula vermicularis L. and Vermiliopsis 
striaticeps (Grube) w ithin the ‘Serpulids’. These identi­
fications bring the num ber of species recorded to (at 
least) 102. No attem pt to identify filamentous algae 
w as made.

The num ber of taxa per quadrat ranged from 7 to 26, 
w ith an overall m ean of 16.8 (SE = 0.5, n = 72). Species 
richness varied both am ong (2-way ANOVA, P 7 16 = 
3.59, p < 0.05) and w ithin sectors (F16 48 = 3.36, p < 
0.001). The richest site was D l, the poorest HI 
(Fig. 3b).

Community structure

The null hypothesis that community structure was 
similar at all sectors w as rejected (ANOSIM, R = 0.58, 
p < 0.001). This is also shown by the ordination of sec­
tor centroids by MDS, representing differences among 
assem blages from sector to sector w hen variability 
am ong sites and am ong quadrats is ignored. All sectors 
are well separated  from each other, except for Sectors 
F and G, which are characterised by an overlap in sim­
ilarity (Fig. 4a). A geographical trend is also singled 
out, the highest distance being betw een Sector A 
(Adriatic Sea) and Sector H (Ionian Sea), passing 
through the sectors betw een them.

As observed for sectors, the null hypothesis that 
community structure was similar at all sites was

Sector S ignificance

A **
B * *
C * *
D *
E *
F *
G *
H * *

T able  3. A verage  d issim ilarity  in com m unity  s tru c tu re  (1 -
S BC) am o n g  sites w ith in  e ac h  sec to r a n d  av era g e  dissim ilarity
(with 95%  confidence  limits, CL, in paren th es is) b e tw ee n

eac h  sec to r a n d  all th e  re m a in in g  ones

S ector D issim ilarity  am o n g D issim ilarity  w ith
sites w ith in  sector re m a in in g  sectors

A 56.3 75.8 (4)
B 50.9 68.9 (4)
C 40.0 64.2 (4)
D 52.7 64.5 (4)
E 54.2 70.1 (4)
F 53.3 65.0 (5)
G 53.1 66.7 (5)
H 61.3 69.9 (5)

rejected (ANOSIM, n = 3 quadrats per site, R = 0.90, 
p < 0.001). ANOSIM perform ed on each sector also 
detected significant differences among sites (Table 2).

The MDS representation of site centroids suggested 
a higher variability am ong sites in Sectors A, F, G and 
H (Fig. 4b). However, dissimilarity am ong sites within 
each sector was always smaller than the m ean dissimi­
larity betw een the sam e sectors and the rem aining 
ones (Table 3).

W hen expressed as average dissimilarities among 
replicate quadrats w ithin each site (see ‘M ethods’),

Stress=0.06 Stress=0.19

H

(a)

Fig. 4. N on-m etric  m ultid im ensional sca ling  o rd inations of 
(a) sec to r cen tro id s a n d  (b) site  cen tro ids
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Stress=0.07
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1 1 3 2
31 3

2
Sector G

Stress=0.09

3
1

1 1

3

N> ro
w

3

Sector H

Fig. 5. N on-m etric  m u ltid im ensional sca lin g  o rd in a tio n s of 
ind iv idual q u a d ra ts  in 4 se lec ted  sec to rs

I  50 *
'<75
c

5  40 '

Eco 30 ■CO
T3CO
tr
o  20 ■
>,to
m

R2 = 0.49 
p < 0.001

0 0.2 0.4 0.6 0.8 1.0

Weighted index of rock damage (Dw)

Fig. 6. R ela tionsh ip  b e tw e e n  com m unity  p a tch in ess (rep re ­
se n ted  by  th e  dissim ilarity  v a lu es for e ac h  site) a n d  w e ig h ted  
index  of rock  d am ag e  (Dw). T he size of th e  sled g e  h am m ers is 
rough ly  p ro p o rtio n a l to th e  in tensity  o f th e  d is tu rb an ce  

cau sed  by Lithophaga  lith o p h a g a  fisheries

patchiness was similar across sectors (1-way ANOVA. 
F 7 [g = 1.57, p > 0.05): but. in each sector. MDS of indi­
vidual quadrats evidenced different levels of patchi­
ness at different sites. The clearest exam ples of these 
different levels of patchiness w ere found in Sectors C. 
D. G and H (Fig. 5). Q uadrats w ere more clearly 
grouped at sites w ith either the lowest (e.g.. C 3) or the 
highest values (e.g.. H2) of Dw. The possibility of a 
hum ped relationship betw een community patchiness 
and disturbance by date mussel fisheries was tested by 
plotting dissimilarity values calculated for each site 
against the corresponding Dw values and fitting the 
plot w ith a second-order polynomial. This showed that 
the highest level of dissimilarity w ithin sites (i.e.. h igh­
est patchiness) corresponded to interm ediate levels of 
rock dam age (Fig. 6).

algae and Phorbas fictitus w ere im portant in Sector E. 
and C. nobilis in Sectors F and G. In Sector G. serpulids 
and Crambe crambe w ere also important. The impor­
tant species of Sector Fi w ere Balanophyllia europaea 
and C. crambe (Table 4).

The cover of im portant taxa had different patterns 
along the coast (Fig. 7). Only encrusting calcified red 
algae Crambe crambe and Schizoporella longirostris 
showed significant cover variations am ong sectors. 
Almost all im portant taxa, apart from encrusting calci­
fied red algae, filamentous brow n algae. C. crambe. 
Chondrosia reniformis and Cladocora caespitosa, 
showed significant cover variations am ong sites within 
sectors. Cover variations both am ong and w ithin sec­
tors w ere found only for S. longirostris (Table 5).

Important taxa

Despite the large num ber of recorded taxa, SIMPER 
identified only 14 im portant taxa in characterising 
and/or differentiating sectors. Encrusting calcified red 
algae w ere im portant in all sectors, w hereas the impor­
tance of the other 13 taxa varied greatly. Peyssonnelia 
squamaria, Chondrosia reniformis and Schizoporella 
longirostris w ere im portant in Sector A (Gargano 
Promontory). In the Southern Adriatic sectors. Cereus 
pedunculatus  was im portant in Sector B. P. squamaria 
and Halimeda tuna in Sector C. and Calpensia nobilis 
in Sector D. In the Ionian sectors, filamentous brown

DISCUSSION

The structure of assem blages varied w ith greater 
differences at g reater observation scales. Results are 
also in accordance w ith the geographical trends of 
the surveyed coast and could support the hypothesis 
of Carlile et al. (1989) that communities differ consis­
tently w ith the latitudinal gradient, probably reflect­
ing biogeographic differences. Studies on intertidal 
and coral communities, however, report that neigh­
bouring sites differed more from each other than from 
far apart ones (Underwood & C hapm an 1996, Hughes 
et al. 1999, Smith & Witman 1999). This is likely to be
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T ab le  4. Im p o rtan t taxa, co n trib u tin g  to sim ilarity  am o n g  sites for e ach  sec tor (characterisa tion  of sectors) a n d /o r dissim ilarity  
a m o n g  sec to rs (d ifferen tia tion  of sectors). V alues o f sim ilarity  >10%  (in th e  first case) a n d  of dissim ilarity  >5 %  (in th e  second

case) a re  g iv en  in bold

T axon C ode C h arac te riza tio n  of secto rs D ifferen tia tion am o n g  sectors
Sim ilarity v a lu es (Sec) D issim ilarity  v a lu es (1- •Sbc)

A B C D E F G H A B C D E F G H

E n cru stin g  calcified  red  a lg ae Ecr 12 24 13 20 26 16 15 28 3 4 2 2 3 2 3 3
H alim eda  tuna H tu 0 0 15 8 0 3 11 9 4 4 5 5 4 4 5 5
P eyssonnelia  squam aria Psq 14 3 16 7 0 3 1 0 5 4 6 4 4 3 4 4
C alpensia  nobilis Cno 0 2 1 10 1 15 15 4 3 3 3 4 3 5 4 4
F ilam en tous b ro w n  a lg ae Fib 0 0 1 0 10 5 0 0 1 2 3 2 5 4 2 2
D ictyota d ichotom a Ddi 2 0 11 5 6 6 1 4 3 3 4 3 3 3 3 4
C ram be cram be Ccr 5 0 2 3 4 5 11 15 2 3 3 3 3 3 3 3
Serpu lids Ser 0 11 5 6 6 6 12 2 3 2 2 2 2 2 2 3
Phorbas fic titius Pfi 0 11 0 5 13 2 0 0 2 4 2 3 4 2 2 3
C hondrosia ren ifo rm is C re 11 3 9 2 0 0 0 2 3 3 4 3 3 3 2 3
Schizoporella  longirostris Sio 14 0 0 0 0 1 0 0 5 1 1 1 1 2 1 1
Cladocora caespitosa C ea 2 10 1 3 1 0 1 1 2 3 2 2 2 2 3 2
B alanophyllia  europea Beu 0 1 0 2 0 3 7 14 2 2 2 2 2 3 3 3
C ereus p e d u n cu la tu s C pe 2 13 5 0 0 0 0 0 2 4 3 1 2 1 1 2

determ ined by behavioural responses to small-scale 
patches of m icrohabitat and to different pattern  of re ­
cruitment.

Due to the seasonality of M editerranean shallow 
w ater communities (e.g., Boero 1994), w ith fluctuations 
in the presence and abundance of some species, the 
taxa identified as im portant could be less im portant in 
other seasons than  late spring, w hen  the survey was 
carried out. The available data on species composition 
are, however, assum ed to reflect a set of environm en­
tal conditions that rem ain constant w ithin a range of 
seasonal fluctuations.

Species richness differed am ong sectors, but only 6 
taxa w ere im portant for sector differentiation. In this 
study, 4 taxa (Calpensia nobilis, filamentous brown 
algae. Halimeda tuna, Peyssonellia squamaria) had 
cover patterns that did not differ significantly in all sec­
tors, their role of im portant species becom ing evident 
only w hen considering their relative contribution to 
community structure. Only 1 taxon (encrusting calci­
fied red algae) differentiated some sectors due to dif­
ferences of cover, and another one (Schizoporella lon­
girostris) by being absent in some sectors.

The a priori identification of im portant species is 
difficult and can usually be done only after the analysis 
of assem blage structure (Paine 1974, Underwood & 
C hapm an 1998a).

However, the extraction of data on assem blage 
structure requires, besides quantitative estimates, tax­
onomic expertise sufficient to recognise conspicuous 
organisms underw ater (Hiscock 1987), leading to spe­
cies lists. This taxonomic effort in the field is com pen­
sated by no further identification w ork in the labora­
tory, apart from the exam ination of some voucher

specim ens in the case of difficult species. Obviously, 
such species lists cannot be com pared w ith those 
obtained by careful laboratory exam ination of destruc­
tive samples. However, more than  100 species re ­
corded with such a simple and low-cost sam pling effort 
can be considered quite a high number, sufficient to 
provide a quick and rough estimate of biodiversity 
over a large geographic area. Cryptic species and epi­
phytes are obviously lacking, but, on the other hand, 
many thin encrusting species, easily recognised and 
quantified visually, are difficult to collect efficiently by 
scraping the rock (Morri et al. 1999).

The multivariate approach showed less dissimilarity 
am ong sites w ithin each sector than  the average dis­
similarity betw een each sector and all the rem aining 
ones. However, sites w ithin sectors w ere considerably 
different from each other, in spite of having been cho­
sen at random  to represent, in the sam e habitat, an 
assem blage that is supposed to be the sam e within 
each sector. This is in agreem ent w ith the high vari­
ability at site level recorded at other locations by 
Archam bault & Bourget (1996) and Underwood & 
C hapm an (1996, 1998a). As a consequence, replicate 
samples at different spatial scales are essential in any 
attem pt to com pare stretches of coast (Hurlbert 1984, 
Underwood & Denley 1984). A w ell-structured hierar­
chical design of sam pling allows sim ultaneous assess­
m ent of pattern  at multiple, overlapping scales (Under­
wood & C hapm an 1998a).

On subtidal hard substrates, small-scale variability is 
commonly associated w ith developing assem blages 
(Glasby 1998), w hich seems consistent w ith the idea 
that communities in these sites consisted of patches at 
different developm ental stages. In the present study a
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Encrusting calcified rhodophytes

I ., lii ill Hi lii lii
A1 A2 A3 1 B1 B2B3 1 Cl C2C3 1 D1 D2D3 1 E1 E2 E3 1 F1 F2 F3 1 G1 G 2G 3 1 H1H2H3

Serpulids
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Peyssonnelia squamaria
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Chondrosia reniformis
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Schizoporella longirostris
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Filamentous brown algae
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Cladocora caespitosa
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Dictyota dichotoma
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Balanophyllia europaea

5-,
4-
3-
2 -

1

Crambe crambe

lii ii i i i i l i i i
A1 A2 A3 1 B1 B2B3 1 Cl C2C3 1 D1 D2D3 1 E1 E2 E3 1 F1 F2 F3 1 G1 G 2G 3 1 H1H2H3 A1 A2 A3 1 B1 B2 B3 1 Cl C 2C 3  1 D1 D2 D3 1 E1 E2 E3 1 F1 F2 F3 1 G1 G 2G 3 1 H1 H2H3

A1 A2A3 1 B1 B2B3 1 Cl C 2C 3  1 D1 D2 D3 1 E1 E2 E3 1 F1 F2 F3 1 G1 G 2G 3 1 H1H2H3

Cereus pedunculatus

1 i III 111
Fig. 7. Spa tia l d istribu tion  o f p e rc e n ta g e  cover (m ean + SE, n  = 3) of tax a  iden tified  a s  im portan t (see T ab le  4) in co n trib u tin g  to

sim ilarity  w ith in  sites a n d /o r  d issim ilarity  am o n g  secto rs

considerable variability am ong quadrats (expressed as 
the average value of similarity) was observed at most 
sites. The distribution pattern  of assem blage similarity 
w ithin sites was not significantly different am ong sec­
tors. indicating that patchiness was homogeneously 
distributed throughout the whole region.

It is obviously not possible to explain all the ecologi­
cal mechanisms accounting for the observed small- 
scale patchiness. Such processes include variation in 
settlem ent and recruitm ent, biotic interactions, and 
heterogeneity in the physical features of the habitat. It 
is. however, likely that disturbance contributes to ere-
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ate patchiness at a small scale. Caswell & Cohen (1991) 
hypothesised that disturbance induces higher variabil­
ity in communities. W arwick & Clarke (1993) recorded 
increased variability am ong replicate sam ples from 
several different marine communities exposed to dis­
tinct disturbances, thus providing support to the 
hypothesis and suggesting it may represen t a general 
rule (but see also C hapm an et al. 1995 for different 
findings). In the present case, the relationship betw een 
small-scale variability of community structure and 
dam age caused by date mussel fisheries resulted in a 
curve (Fig. 6) similar to the predicted relationship 
betw een diversity and disturbance from the interm edi­
ate disturbance hypothesis (Connell 1978). Both sites 
w ith no disturbance and highly disturbed ones, in fact, 
w ere characterised by a lower level of ‘patchiness’ 
than  sites w ith an interm ediate level of disturbance. 
Under conditions of no disturbance, variability of the 
assem blage am ong replicate quadrats reflects a na t­
ural hom ogeneity of epibenthic assem blages at a small 
scale. W hen disturbance is very high, dam age is uni­
formly distributed, so that all replicate quadrats rep re ­
sent a homogeneously degraded area. Community 
structure was more variable, at a small scale, w hen  dis­
turbance was interm ediate (with D w values comprised 
betw een 0.2 and 0.6). Date mussel fisheries, in this 
case, produce a mosaic of different community struc­
tures, leading to patchiness. At interm ediate levels of 
disturbance, variability might be due to similar dam ­
age but of different age (replicate quadrats rep re ­
sented assem blages at different stages of recolonisa­
tion) or to the presence of dam aged patches of similar 
age but of different area. As a consequence, also for 
subtidal epibenthic assem blages (at least at the consid­
ered depth, coinciding with the range of action of date 
mussel fishermen), interm ediate levels of disturbance 
are effective in increasing variability at a small scale.

Our results, then, link Connell’s (1978) hypothesis to 
the model of W arwick & Clarke (1993). It is reasonable 
to predict that under conditions of very high distur­
bance even the variability of the benthic communities 
analysed by W arwick & Clarke (1993) would have 
been  very low, due to the almost complete eradication 
of living forms. This, in fact, w as the case for the com­
plete desertification of the Apulian subtidal rocky sub­
strates due to the high im pact of date mussel fisheries.

H uman impact on target species and/or benthic com­
munities has been widely studied (Moreno et al. 1984, 
Duran & Castilla 1989, M cClanahan 1989, Castilla 
1999, Lasiak 1999). As stressed in the introduction, 
however, no other form of hum an predation has a com­
parable im pact to that of date mussel fisheries in term s 
of habitat destruction. Fanelli et al. (1994) showed that 
the dam age due to date mussel fisheries was spreading 
from overexploited areas to underexploited ones. Five
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years after those studies, date mussel fisheries did not 
show any sign of diminution in the whole considered 
area, in particular in Sector H. w here disturbance lev­
els w ere extrem ely high. During the 1997 survey, in 
spite of legislation prohibiting date mussel fisheries, 
we saw  fisherm en in action at 3 sites.

Disturbance acting at such a w ide scale on the rela­
tive abundance of habitat types m ight have a strong 
im pact on biodiversity. Danielson (1991) rem arked 
that, even w hen the relative abundance of habitats 
does not change, variations in their spatial distribution 
could alter species interactions.

Strong action against this devastating form of hum an 
predation is urgently needed, especially aimed to con­
vince consumers that the dem and for date mussels is 
ecologically incorrect. The recent institution of M arine 
Protected Areas along the coast of Apulia will hope­
fully lead to habitat restoration and to the perception of 
the value of environm ental integrity.

A ck n o w led g e m e n ts .  T his re se a rc h  w as fu n d ed  by th e  
N ational R esearch  C ouncil (PRISMA II project), th e  Am m inis- 
traz ione  P rovinciale d i Lecce (Biodiversità a n d  Porto C esáreo  
projects), th e  R egione Pug lia  (INTERREG G reece-Ita ly  p ro ­
jec t), M URST (COFIN project). M. C. Buia, L. D ella  Tom m asa, 
F. D enitto , L. Esposito, A. G ian g ran d e , M. P. M iglietta , S. 
Piraino an d  F. R ubino p ro v id ed  inv alu ab le  a ssistan ce  d u rin g  
field w ork. G. C orriero, C. Longo a n d  A. Petrocelli h e lp e d  in 
iden tify ing  d u b ious sp ec im en s of sp o n g es a n d  a lgae. A. J. 
U nderw ood, M. G. C h apm an , L. B en ed e tti-C ecch i a n d  th e  
p a rtic ip an ts  of th e  course  ‘D esign  a n d  A nalysis o f Biological 
E xperim en ts ' (Lecce, M ay 1999) h e lp e d  w ith  n u m ero u s  (and 
deep) discussions. F. M icheli a n d  R. C o lem an  k ind ly  rev ised  
ea rlie r d rafts  o f th e  m anuscrip t.
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