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Abstract

Insular assemblages of species are often considered unique because they are exposed to

unpredictable patterns of colonization/extinction that depend on distance from other sources of

colonists and on size of islands. An alternative explanation is that islands provide fundamentally

different habitats of those of the mainland, regardless of any possible effect of size and isolation.

These alternatives were examined by comparing assemblages of rocky shores on islands of the

Tuscany Archipelago with those of the mainland in the same geographical region. Sandy beaches

created a pattern of discrete areas of rock along the mainland with spatial discontinuities and

extents comparable to those of the insular environment. Possible effects of isolation and size were

therefore controlled in this study, so that one would expect no difference between islands and the

mainland if only size and isolation matter. In contrast, differences are expected if historical events

or other processes have distinct influences on assemblages in these environments. These

hypotheses were tested by comparing assemblages of midshore and lowshore habitats of two

islands with those of two similarly distributed locations on the mainland over a period of 2 years,

using a hierarchical sampling design. Multivariate and univariate analyses revealed various patterns

in the data. There were differences between islands and the mainland in structure of assemblages,

in mean abundance of common taxa and in the magnitude of spatial and temporal variance in

abundance in both habitats. Collectively, these findings support the model that islands in the

Tuscany Archipelago have distinct assemblages from the mainland, thereby contributing to the
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regional diversity and complexity of assemblages of rocky shores over and above any possible

effect of size or isolation.
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1. Introduction

The notion that natural populations fluctuate in abundance at various scales in space

and time is well established in the ecological literature (Andrewartha and Birch, 1954; den

Boer, 1968; Dayton and Tegner, 1984; Levin, 1992; Gaston and McArdle, 1993;

Schneider, 1994). Although no obvious generalization has emerged, studies conducted

in marine coastal habitats usually show considerable small-scale spatial patchiness (tens to

hundreds of centimetres) for organisms living on hard substrata and soft bottoms

(Morrisey et al., 1992; Commito et al., 1995; Archambault and Bourget, 1996; Underwood

and Chapman, 1996; Williams et al., 2000; Benedetti-Cecchi, 2001; Fraschetti et al.,

2001). At larger spatial scales, between tens and thousands of metres, spatial variation may

or may not be relevant for these organisms. As a result, various patterns can be observed

for different species within the same assemblage (e.g. Benedetti-Cecchi, 2001). At even

larger scales (hundreds to thousands of kilometres), spatial variation can be expected to be

large for many species, possibly due to the influence of a wide range of habitats and

environmental conditions (but see Kennelly and Underwood, 1993; Chapman and

Underwood, 1998).

Comparably fewer studies have examined variability at a hierarchy of temporal

scales, or the extent to which space and time interact (e.g. Farnsworth and Ellison, 1996;

Dayton et al., 1999). The difficulty of maintaining long-term research programmes often

precludes the possibility of examining changes in assemblages beyond those occurring

over a few years. Very few studies have enabled comparisons over larger temporal

scales. Studies on barnacles, for example, have shown large changes in abundance at the

scale of decades (Southward, 1991). Space� time interactions, in contrast, are usually

only quantified at the scale of month or year (e.g. Underwood, 1991; Menconi et al.,

1999).

The analysis of pattern in distribution and abundance of organisms has direct relevance

to the identification of underlying causal processes (Holling, 1992; Wiens et al., 1993; Wu

and Loucks, 1995). Whereas some ecological processes are scale-specific, others may

operate over a range of spatial or temporal scales. Biotic interactions and behaviour are

generally implicated in the maintenance of small-scale spatial patchiness, whereas

oceanographic conditions and climate largely dictate regional and long-term patterns

(Smith and Buddemeier, 1992; Underwood and Chapman, 1996; Krönke et al., 1998;

Thrush et al., 2000). Variation in dispersal and recruitment of organisms, in contrast, may

occur over very different scales. Patchiness in the distribution of larvae in the water

column, for example, may be responsible for small-scale spatial variation in density of

adult barnacles (Grosberg, 1982). Limits to the dispersal capabilities of these populations
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can, however, also affect their distribution over larger spatial scales (Caffey, 1985;

Raimondi, 1990).

Islands have provided extremely valuable systems to test hypotheses about large-scale

spatial patterns in assemblages, particularly when patterns on islands have been contrasted

with those of the mainland. Differences between islands and the mainland have been

described and identified mainly for terrestrial organisms (e.g. Sol, 2000), although several

studies have been devoted to the ecology of marine costal assemblages on islands (e.g.

Dayton, 1975; Santelices and Ojeda, 1984; Konar, 2000; Benedetti-Cecchi et al., 2000,

2001). Insular assemblages are often considered unique because they are exposed to

unpredictable patterns of colonization/extinction that depend on the distance from other

sources of colonists and on size of islands (Mac Arthur and Wilson, 1967; see also den

Boer, 1968).

An alternative, albeit not mutually exclusive explanation of the observed differences

between islands and the mainland would be that islands provide environments that are

fundamentally different from those of the mainland. Historical events, physical processes

such as local oceanography and climate, natural and anthropogenic disturbance and

biotic interactions, may, in principle, contribute to environmental heterogeneity in

different ways on islands than on the mainland (reviewed by Brown and Lomolino,

2000).

Direct experimental tests of these two explanations can be difficult to conduct in

marine systems, due to logistical constraints in manipulating dispersal of organisms, local

climate and other physical features of the habitat. Before embarking in such an

endeavour, it is therefore important to establish quantitative, objective observations about

possible differences between islands and the mainland, particularly in those habitats

where subsequent experimental manipulations would be more feasible, like rocky

seashores.

In this study, we compare assemblages from midshore and lowshore habitats of

rocky coasts of two islands in the Tuscany Archipelago, with those of two locations on

the mainland. Rocky areas occur as discrete units also on the mainland in this

geographical region and can reasonably be considered as ‘islands’ in terms of spatial

extent and distance from other rocky shores. Fragmentation on the mainland is

provided by sandy beaches that create a pattern of distances among rocky areas

similar to the range of distances separating the various islands in the Archipelago.

Thus, possible effects of isolation and size that might dictate differences between

assemblages of islands with those of the mainland were controlled in this study. If

islands provided fundamentally different environments of those of the mainland, then it

should still be possible to observe differences in assemblages between the two

contrasting conditions over and above any possible effect of size and isolation. If,

in contrast, the peculiarity of islands is determined by traits such as isolation and size,

then one would expect large differences among islands and among locations on the

mainland, but no difference, on average, between these conditions. Under this scenario,

one would also predict similar patterns of spatial and temporal variation between

islands and the mainland at comparable scales. These hypotheses were tested with a

multifactorial sampling design and with univariate and multivariate methods of

analysis.
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2. Materials and methods

2.1. Study locations and organisms

This study was undertaken between June 1999 and March 2001 on two islands of the

Tuscany Archipelago (Capraia and Giannutri) and at two locations on the mainland

(Calafuria and Argentario, Fig. 1). Capraia and Giannutri are part of the National Park of

the Tuscany Archipelago, a network of Marine Protected Areas established in 1996

(Benedetti-Cecchi et al., 2003). Capraia is the northern of the two islands and has 27 km of
Fig. 1. Map of the study area. Black contours of the coastline indicate rocky sea shores. Dotted lines delimit the

areas within which the sampling sites were randomly chosen.



L. Benedetti-Cecchi et al. / J. Exp. Mar. Biol. Ecol. 293 (2003) 193–215 197
volcanic shores. Giannutri is the southernmost island of the Archipelago and has 11 km of

calcareous shores. Calafuria is a rocky area of about 5 km that extends to the north into the

city of Livorno. It is connected in the south to another rocky area of similar size

(Castiglioncello, not included in the study) by a series of cobble beaches and a small

marina. The substratum is mostly sandstone and this location has been intensively

investigated in the last 10 years (e.g. Benedetti-Cecchi, 2000). Argentario is a promontory

facing the island of Giannutri made up of a large outcrop of various kinds of rock (schists,

metamorphic and calcareous rocks) with nearly 30 km of rocky shores.

Capraia and Giannutri are about 150 km apart, a distance similar to that separating

Calafuria from Argentario. Each of these locations (whether island or mainland) is at least

20 km away from other rocky areas. Sandy beaches create major discontinuities among

rocky areas on the mainland (Fig. 1). The degree of isolation of Calafuria and Argentario is

therefore comparable to that of the two islands. Furthermore, although there are differences

in size between the two locations on the mainland and the two islands, there is no

substantial difference in average spatial extent of rocky areas between the two environ-

ments.

All shores supported similar assemblages of algae and invertebrates. The most common

organisms in the midshore habitat were filamentous algae such as Polysiphonia sertular-

ioides (Grateloup) and Chaetomorpha aerea (Dillwyn) Kützing, encrusting corallines, the

encrusting brown alga Ralfsia verrucosa (Areshoug) J. Agardh, the fleshy alga Rissoella

verruculosa (Bertolini) J. Agardh and cyanobacteria (Rivularia spp.). Invertebrates

included the barnacle Chthamalus stellatus (Poli), the limpets Patella rustica L. and

Patella aspera (Röding) and the topshell Osilinus turbinatus (Von Born).

Lowshore assemblages included those dominated by canopy algae such as Cystoseira

amentacea Bory var. stricta Montagne and sessile invertebrates (mainly sponges, hydro-

zoans, bryozoans and actinians), and those dominated by turf-forming algae. The latter

were characterised by geniculate coralline algae such as Corallina elongata Ellis et

Solander and Haliptilon virgatum (Zanardini) Garbary and Johansen, coarsely branched

algae like Laurencia spp., Chondria spp. and Gastroclonium clavatum (Roth) Ardissone

and several species of filamentous algae. Grazers such as limpets and sea urchins were rare

in the lowshore habitat at the study sites. Further descriptions of these assemblages can be

found in related studies (Menconi et al., 1999; Benedetti-Cecchi, 2001; Benedetti-Cecchi

et al., 2001).

2.2. Sampling design and collection of data

Two habitats were sampled: the midshore habitat, approximately between 0.2 and 0.4 m

above mean-low-water-level (MLWL) and the lowshore habitat, approximately between

� 0.1 and 0.1 m with respect to the MLWL. The sampling design consisted of two

replicate locations (hereafter the term location will also be used to refer to the two replicate

islands, when appropriate) for each level of the Island vs. Mainland contrast. Each location

was sampled four times over a period of nearly 2 years (June 1999–March 2001), but

dates differed among locations because logistical constraints prevented simultaneous

sampling at any given point in time. The 16 dates of sampling (4 dates� 4 locations)

were, however, interspersed in the study period, so that effects of location and time were
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not confounded. Six replicate sites (stretches of coast of 20–30 m) were selected randomly

at each location on each time and for each habitat. Sites were distributed along several

kilometres of shores (Fig. 1) and eight random quadrats of 20� 20 cm were sampled in

each site. On islands, sampling sites were concentrated as much as possible on the western

coasts to maintain consistency with the geographical orientation of sites on the mainland.

A few sites, however, faced either northwest or southeast and this happened both on

islands and on the mainland.

Data consisted of estimates of percent cover for sessile organisms (algae and

invertebrates) and number of individuals per quadrat for mobile animals (limpets). Percent

cover estimates were obtained visually, by dividing each quadrat into 25 sub-quadrats of

4� 4 cm and assigning to each of them a score from 0 (absence of a particular taxon) to 4

(the sub-quadrat was totally covered by a particular taxon) and adding up the 25 estimates

(Dethier et al., 1993).

2.3. Analysis of data

Locations were treated as a random factor in analyses. There was no specific a priori

ecological reason for including any of these locations in the study; other islands and other

locations on the mainland might have been used to compare the two environments,

provided that degree of isolation and spatial extent did not confound the comparison. The

only purpose of having two islands and two locations on the mainland was to provide a

minimum degree of replication within each condition in order to construct an appropriate

test for the main contrast of interest: island vs. mainland. Random selection of locations

was, however, not possible due to a number of logistical constraints (for example, it would

have been much more expensive to work on different islands). Furthermore, random

selection of locations would not have guaranteed comparable patterns of isolation and

spatial extent between islands and the mainland. The consequences of having not truly

random locations must, however, be kept in mind when interpreting the results of this

study at the regional scale.

Multivariate analyses were used to compare assemblages on islands with those of the

mainland for each habitat separately. An ‘average sample’ was first obtained for each

location and time of sampling by averaging data across sites and quadrats. A matrix of

similarities between each pair of these samples was then calculated using the Bray–Curtis

similarity coefficient on untransformed data (Bray and Curtis, 1957). Two-way nested

ANOSIM (Clarke, 1993) was performed to test for differences between islands and

mainland and among locations, using the four times of sampling as replicates. Because

there are only three possible permutations for the Island vs. Mainland comparison, only the

R statistic is reported for these tests with no associated probability. Non-metric multidi-

mensional scaling (nMDS) was used to produce two-dimensional ordinations of the rank

orders of similarities in each habitat (Field et al., 1982; Clarke, 1993; Anderson and

Underwood, 1997).

Analysis of variance was used to test the hypothesis that the mean abundance of

common taxa differed between islands and the mainland and to compare patterns of

variation at different scales between the two environments. Factors in analyses were:

Island vs. Mainland (fixed, two levels), Location (random, two levels, nested within the
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Island vs. Mainland comparison), Time (random, four levels, nested within Location and

Island vs. Mainland) and Site (random, six levels, nested within Time, Location and Island

vs. Mainland). Analyses were done for each habitat separately. Cochran’s C test was used

to check the assumption of homogeneity of variances and, when necessary, data were log-

transformed to remove heterogeneous variances. In cases where homogeneity was not

achieved, analysis of raw data was still conducted as the procedure is robust to departures

from this assumption when there are several independent estimates of residual variance

(Underwood, 1997).

Analysis of variance was also used to estimate variance components at three spatial

scales (among quadrats, among sites and among locations) and temporal variance in each

habitat, separately for islands and the mainland. Estimates were obtained by equating

observed and expected mean squares for the specific model of analysis (Winer et al., 1991;

Underwood, 1997). Negative estimates were assumed to be sample underestimates of zero

variances (Searle et al., 1992; Underwood, 1996), but actual values are presented in tables.

Two-tailed F ratios on non-negative variances were used to test the null hypothesis of no

difference between islands and the mainland in patterns of spatial and temporal variation

of common taxa. Untransformed data were used in these analyses.
3. Results

3.1. Midshore habitat

The nested analysis of similarity (ANOSIM) revealed significant differences in

structure of assemblages among locations (R = 0.99, P < 0.003), whereas the magnitude

of the difference between islands and the mainland was lower (R = 0.5). The nMDS plot
Fig. 2. nMDS plot comparing midshore assemblages of two locations on the mainland with those of two islands of

the Tuscany Archipelago. Each symbol is the ‘average sample’ obtained by averaging across quadrats and sites at

each sampling occasion.



Table 1

Analysis of variance on abundance of algae and invertebrates in the midshore habitat

Algae

Source of variation df Encrusting corallines Filamentous algae Lithophyllum lichenoides Rissoella verruculosa Rivularia spp.

MS F MS F MS F MS F MS F

Island vs. Mainland = I 1 116.0 1.6 43.663 4.7 312.6 2.2 217.7 6.0 2037.8 0.8

Location(I) = L(I)a 2 72.4 17.4*** 9.322 0.8 142.9 47.0*** 36.2 3.3 2731.6 2.5

Time(L(I))b 12 4.1 1.5 12.152 4.6*** 3.0 1.5 10.8 2.5** 1085.1 2.7**

Site(Time(L(I)))c 80 2.8 2.5*** 2.660 2.9*** 2.1 4.6*** 4.3 5.5*** 404.9 2.2***

Residuald 672 1.1 0.922 186.4 0.4

Cochran’s C test C = 0.03 ns C= 0.04 ns C= 0.05 ns C= 0.05 ns C= 0.04 ns

Transformation ln(x+ 1) ln(x+ 1) ln(x+ 1) ln(x+ 1) none

Invertebrates

Source of variation df Chthamalus spp. Patella aspera/caerulea Patella rustica

MS F MS F MS F

Island vs. Mainland = I 1 64,039 11.6 0.13 0.0 8.179 0.2

Location(I) = L(I)a 2 5523 6.1* 64.19 4.8* 43.765 47.3***

Time(L(I))b 12 905 0.6 13.28 2.4* 0.925 1.0

Site(Time(L(I)))c 80 1528 6.6*** 5.57 2.1*** 0.900 2.4***

Residuald 672 231 2.60 0.368

Cochran’s C test C = 0.05 ns C= 0.06 ns C= 0.03 ns

Transformation none none ln(x+ 1)

ns = not significant.
a Denominator for I.
b Denominator for L(I).
c Denominator for Time(L(I)).
d Denominator for Site(Time(L(I))).

*P< 0.05.

**P < 0.01.

***P < 0.001.
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clearly distinguished among all locations, but also separated assemblages of islands from

those of the mainland (Fig. 2). There was also large temporal variation within this habitat,

as indicated by the spread of the replicate ‘average samples’ in the nMDS plot.

Univariate analyses indicated no significant effect of the contrast of Island vs. Mainland

for any of the taxa investigated (Table 1). This was in part a consequence of the large and

significant variation among locations and likely reflects low statistical power for the main
Fig. 3. Mean percentage cover ( + 1 S.E., n= 48) of algae in the midshore habitat. Data are shown at each of four

sampling times in each of two islands and two locations of the mainland. Values have been pooled across sites and

quadrats in each location. CAP: Capraia; GIA: Giannutri; CAL: Calafuria; ARG: Argentario.



Fig. 4. Mean percentage cover ( + 1 S.E., n= 48) of invertebrates in the midshore habitat. Data are shown at each

of four times of sampling in each of two islands and two locations of the mainland. Values have been pooled

across sites and quadrats in each location. Abbreviations as in Fig. 3.
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Table 2

Estimates of variance components and two-tailed F ratios comparing patterns in spatial and temporal variance between islands and the mainland in midshore habitat

Source of variation

Location (df 1,1) Time(Location) (df 6,6) Site(Time(Location)) (df 40,40) Quadrat(Site(Time(Location))) (df 336,336)

M I Test M I Test M I Test M I Test

Algae

Encrusting corallines 65.321 10.431 ns � 1.322 16.056 – 44.795 48.993 ns 148.535 224.921 I>M***

Filamentous algae 6.807 � 4.596 – 3.425 28.157 I>M* 8.850 54.389 I>M*** 83.159 103.289 I>M*

Lithophyllum lichenoides 0.138 80.297 ns � 0.062 5.112 – 0.386 31.157 I>M*** 0.993 66.224 I>M***

Rissoella verruculosa 2.398 2.898 ns 19.299 0.692 M>I*** 68.136 2.007 M>I*** 205.656 12.032 M>I***

Rivularia spp. 17.040 0.112 ns 2.295 26.047 I>M** 22.715 31.894 ns 161.460 211.372 I>M*

Invertebrates

Chthamalus spp. 7.255 40.855 ns � 4.005 � 21.958 – 146.261 177.809 ns 359.804 103.390 M>I***

Patella aspera/caerulea 0.587 � 0.057 – 0.125 0.197 ns 0.574 0.167 M>I*** 2.760 2.444 ns

Patella rustica 4.774 � 0.031 – 0.055 0.021 ns 1.373 0.261 M>I*** 7.283 2.925 M>I***

M=mainland; I = island; ns = not significant. There is no test for negative variance components.

*P < 0.05.

**P < 0.01.

***P < 0.001.
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contrast. Although not significant, F ratios of the contrast of Island vs. Mainland were

large for R. verruculosa and barnacles and these organisms were apparently more

abundant on the mainland than on islands (Figs. 3D and 4A). Temporal variation was

large and significant for filamentous algae, R. verruculosa and Rivularia spp. among algae

(Table 1, Fig. 3B,D,E), and for P. aspera/caerulea among invertebrates (Table 1, Fig. 4B).

Spatial variation among sites was large and significant in all the analyses (Table 1).

There were similar patterns of spatial variance between islands and the locations on the

mainland for the taxa examined, with the possible exception of Lithophyllum lichenoides

which was more variable between islands (Table 2, Fig. 3). The pattern observed for L.

lichenoides was, however, not significant and was paralleled by low values of mean

abundance of this alga on the mainland (Fig. 3). There was larger temporal and spatial

variation at the scales of site and quadrat on islands than on the mainland for R.

verruculosa, and this was matched by the low abundance of this alga on islands (Fig.

3, Table 2). All other significant patterns for algae indicated more variation, whether

spatial or temporal, on islands than on the mainland (Table 2). This was particularly

evident at the scale of quadrat and for taxa that had similar patterns of abundance between

islands and the mainland, such as filamentous and encrusting coralline algae and Rivularia

spp. (Table 2, Fig. 3).

Invertebrates fluctuated more on the mainland, in contrast to observations for algae.

Significant differences were detected at the scale of site for limpets and at the scale of

quadrat for Chthamalus spp. and P. rustica, but not for P. aspera/caerulea (Table 2).

Patterns of variance in abundance of barnacles and P. rustica were paralleled by differ-

ences in mean values between the two environments, whereas this was not the case for P.

aspera that occurred in similar numbers on islands and on the mainland (Fig. 4).
Fig. 5. nMDS plot comparing lowshore assemblages of two locations of the mainland with those of two islands of

the Tuscany Archipelago. Each symbol is the ‘average sample’ obtained by averaging across quadrats and sites in

each sampling occasion.



Table 3

Analysis of variance on abundance of algae and invertebrates in the lowshore habitat

Algae

Source of variation df Articulated

corallines

Coarsely branched

algae

Cystoseira

amentacea

Cystosiera

compressa

Encrusting

corallines

Filamentous

algae

Valonia

utricularis

MS F MS F MS F MS F MS F MS F MS F

Island vs. Mainland = I 1 41.470 0.8 223.167 36.2* 294,063 12.1 6.709 0.5 265.180 27.5* 120.687 7.1a,* 14,822 1.6

Location(I) = L(I) 2 53.445 2.8 6.162 0.5 24,399 8.1** 13.317 3.4 9.635 2.1 13.729 0.8 9319 12.2**

Time(L(I)) 12 19.050 3.6*** 12.078 3.6*** 3009 0.9 3.948 0.9 4.649 2.0* 17.154 5.0*** 765 5.9***

Site(Time(L(I))) 80 5.241 4.9*** 3.356 3.3*** 3545 7.1*** 4.663 4.3*** 2.293 2.4*** 3.517 3.0*** 132 2.2***

Residual 672 1.073 1.005 497 1.086 0.961 1.047 3.4*** 60

Cochran’s C test C = 0.03 ns C = 0.04 ns C = 0.05 ns C= 0.04 ns C = 0.04 ns C= 0.02 ns C = 0.09 P < 0.01

Transformation ln(x + 1) ln(x + 1) none ln(x+ 1) ln(x + 1) ln(x+ 1) none

Invertebrates

Source of variation df Bryozoans Mytilus

galloprovincialis

Patella aspera/

caerulea

Sponges Vermetus sp.

MS F MS F MS F MS F MS F

Island vs. Mainland = I 1 313.91 25.6* 5573.91 3.4 112.55 2.1 858.52 1.8 36.13 7.2

Location(I) = L(I) 2 12.27 0.1 1662.66 5.2* 54.19 13.1** 489.61 1.5 5.05 2.5

Time(L(I)) 12 90.46 6.4*** 321.31 2.3** 4.13 1.1 329.41 5.4*** 2.02 2.3*

Site(Time(L(I))) 80 14.09 1.7*** 116.40 2.3*** 3.63 2.5*** 61.46 2.8*** 0.89 2.0***

Residual 672 8.25 1.45 22.21 0.45

Cochran’s C test C = 0.24 P < 0.01 C = 0.23 P < 0.01 C = 0.25 P< 0.01 C= 0.27 P < 0.01 C = 0.03 ns

Transformation none none none none ln(x+ 1)

ns = not significant. F ratios as in Table 1.

MSpooled = 16.973 with 14 df.
a Tested against the pooled term L(I) + Time(L(I)).

*P< 0.05.

**P< 0.01.

***P< 0.001.
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Fig. 6. Mean percentage cover ( + 1 S.E., n= 48) of algae in the lowshore habitat. Data are shown at each of four

times of sampling in each of two islands and two locations of the mainland. Values have been pooled across sites

and quadrats in each location. Abbreviations as in Fig. 3.
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3.2. Lowshore habitat

There were large differences in structure of assemblages between islands and the

mainland (R = 0.95) as well as differences between locations (R = 0.69, P < 0.003, Fig. 5).

Distinct groups of algae characterised the lowshore habitat on the mainland compared

to those on islands. Coarsely branched, encrusting coralline and filamentous algae were
Fig. 7. Mean percentage cover ( + 1 S.E., n= 48) of invertebrates in the lowshore habitat. Data are shown at each

of four times of sampling in each of two islands and two locations of the mainland. Values have been pooled

across sites and quadrats in each location. Abbreviations as in Fig. 3.



Table 4

Estimates of variance components and two-tailed F ratios comparing patterns in spatial and temporal variance between islands and the mainland in lowshore habitat

Source of variation

Location (df 1,1) Time(Location) (df 6,6) Site(Time(Location)) (df 40,40) Quadrat(Site(Time(Location))) (df 336,336)

M I Test M I Test M I Test M I Test

Algae

Articulated corallines � 26.765 149.878 – 90.8074 � 8.336 – 76.775 165.172 I>M* 217.044 300.176 I>M**

Coarsely branched algae 2.773 � 5.543 – 56.039 14.262 ns 90.711 30.618 M>I*** 325.309 144.819 M>I***

Cystoseira amentacea 62.126 160.688 ns � 22.059 � 0.248 – 184.719 577.123 I>M*** 142.801 852.067 I>M***

Cystoseira compressa 8.214 � 0.918 – 7.520 � 1.506 – 50.712 20.704 M>I*** 147.113 93.265 M>I***

Encrusting corallines 51.501 � 1.157 – � 2.514 5.233 – 73.244 6.502 M>I*** 367.426 43.726 M>I***

Filamentous algae � 30.540 5.089 – 165.801 13.728 M>I** 105.920 17.895 M>I*** 266.462 89.050 M>I***

Valonia utricularis 0.285 88.817 ns � 0.250 26.628 – 3.110 14.858 I>M*** 5.975 115.124 I>M***

Invertebrates

Bryozoans 0.000 � 0.815 – 0.013 3.170 I>M*** 0.014 1.444 I>M*** 0.327 16.181 I>M***

Mytilus galloprovincialis 13.974 � 0.001 – 8.536 0.002 M>I*** 16.4999 0.009 M>I*** 100.623 0.119 M>I***

Patella aspera/caerulea 0.524 � 0.003 – 0.015 0.006 ns 0.542 0.003 M>I*** 2.747 0.159 M>I***

Sponges 0.601 1.068 ns 0.317 10.848 I>M*** 1.839 7.975 I>M*** 8.494 35.919 I>M***

Vermetus sp. 0.642 � 0.109 – 0.191 0.488 ns 0.307 0.514 ns 5.246 8.522 I>M***

M=mainland; I = island; ns = not significant. There is no test for negative variance components.

*P< 0.05.

**P< 0.01.

***P< 0.001.
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significantly more abundant on the mainland, whereas the canopy alga Cystoseira

amentaeca was more abundant on islands, although this effect was not significant

(0.05 <P < 0.1, Table 3, Fig. 6). Large and significant variability among locations was

observed for C. amentacea and Valonia utricularis, whereas significant differences among

sites were detected for all algae (Table 3). Temporal changes in abundance were negligible

for both species of Cystoseira, whereas large and significant changes occurred for the

other algae (Table 3, Fig. 6).

Among invertebrates, mussels and limpets were more common on the mainland,

whereas bryozoans and hydrozoans were more abundant on islands (Fig. 7). A significant

contrast of Island vs. Mainland was observed for bryozoans (Table 3, Fig. 7A); hydrozoans

were not analysed because these organisms were not recorded in samples collected on the

mainland (Fig. 7B). Spatial variation was large and significant at the scale of location for

mussels and limpets, whereas variation at the scale of site was significant for all

invertebrates (Table 3). Similarly, there were significant temporal changes in abundance

for all sessile invertebrates, but not for limpets (Table 3).

Spatial variation was larger on islands than on the mainland for articulated coralline

algae, C. amentacea and V. utricularis, at the scales of site and quadrat (Table 4). Low

spatial variation was matched by low values of mean cover for canopy algae and V.

utricularis on the mainland. This was not, however, the case for the abundance of

articulated corallines which were similar in the two environments (Fig. 6A). Coarsely

branched algae, C. compressa, encrusting corallines and filamentous algae, in contrast,

were more variable on the mainland at the scales of site and quadrat. Temporal variation

was larger on the mainland for filamentous algae. Again, low estimates of spatial variation

were paralleled by low values of mean cover for coarsely branched, encrusting coralline

and filamentous algae, but not for C. compressa.

There was significantly larger temporal variation for bryozoans and sponges on islands

than on the mainland, whereas the opposite pattern occurred for mussels (Table 4).

Similarly, there was more spatial variation on islands for bryozoans and sponges at the

scales of site and quadrat and for Vermetus sp. at the scale of quadrat. Mussels and limpets

were more variable on the mainland at the scales of site and quadrat (Table 4). Most of

these patterns were paralleled by differences in mean abundance of organisms between

islands and the mainland (Fig. 7).
4. Discussion

The study indicated differences between the islands and the mainland in structure of

assemblages and in spatial and temporal patterns in abundance of several taxa. Lowshore

assemblages discriminated more than midshore assemblages between islands and the

mainland. Canopy algae and associated sessile invertebrates characterised the lowshore

habitat of islands, whereas coarsely branched algae, encrusting corallines, filamentous

algae, mussels and limpets characterised the locations of the mainland. Assemblages were

relatively simple in the midshore habitat, but some organisms still discriminated between

islands and the mainland. Common organisms such as barnacles and the red alga R.

verruculosa were consistently more abundant on the mainland, whereas the encrusting
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alga L. lichenoides was more abundant on islands. Differences between locations were

large and significant in both habitats, but midshore assemblages were more variable at this

scale. In general, there was more spatial and temporal variance in abundance on islands

than on the mainland in the midshore habitat. Such a clear pattern was not, however,

observed lower on the shore, where differences were more taxon-specific.

Collectively, the findings of this study support the model that some processes relevant

to assemblages of rocky shores operate differently between islands and the mainland.

Isolation of islands does not explain the observed differences among assemblages. The

degree of isolation was, in fact, comparable among rocky shore assemblages located on

islands and on the mainland because sandy beaches fragmented and separated stretches of

mainland rocky shores over similar spatial scales to the distances separating islands in the

Archipelago.

Several ecological processes are likely to operate differently between islands and the

mainland. Islands are, by definition, bodies of land surrounded by water. This may create

differences with the mainland in local oceanography and climate which, in turn, affect

patterns of dispersal, growth and survival of organisms (e.g. Alexander and Roughgarden,

1996). Islands may also provide a wider range of environmental conditions than that

offered by the mainland at comparable scales. Exposure to waves can vary to a greater

extent along the sides of an island than along the shores of the mainland. Finally,

anthropogenic disturbance is generally reduced on islands, due to the remoteness and lack

of extensive coastal development on these small Mediterranean islands.

Variation in the intensity of anthropogenic disturbance provides a plausible explanation

for the observed differences in the structure of lowshore assemblages between islands and

the mainland. All small islands in the Tuscany Archipelago are relatively pristine locations

compared to rocky areas of the mainland, with little to no human pressure in midshore and

lowshore habitats. Benedetti-Cecchi et al. (2001) found that canopy algae were virtually

absent from urban areas in the region and that lowshore assemblages were dominated by

turf-forming algae in the absence of Cystoseira canopies. Greater abundance of C.

amentacea on islands than on the mainland may be a consequence of low human impacts

at these locations. Other studies have indicated that algae in the genus Cystoseira are

highly sensitive to anthropogenic disturbance and tend to disappear from areas exposed to

sewage discharge (Hoffman et al., 1988; Rodrı́guez-Prieto and Polo, 1996; Dı́ez et al.,

1999).

A decline in cover of canopy algae has been documented at several locations around the

world over the last 30 years (Littler and Murray, 1975; Thom, 1980; Seapy and Littler,

1982; Hoffman et al., 1988; Vogt and Schramm, 1991). Canopy algae are important

components of assemblages of rocky shores because they provide habitat to several

species of animals and plants whilst preventing the establishment of other sessile

organisms (Dayton, 1985; Schiel and Foster, 1986; Johnson and Mann, 1988; Chapman,

1990). Disappearance of these structurally important species is often associated with

drastic changes in the structure of assemblages, as testified by numerous experimental

manipulations of canopy algae (e.g. Dayton et al., 1984, 1992; Johnson and Mann, 1988).

Experimental studies in the northwest Mediterranean have shown both local and

regional effects of C. amentacea. This alga was locally important in maintaining spatially

distinct assemblages in the lowshore habitat (Bulleri et al., 2002). At larger spatial scales,
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experimental clearings indicated that canopy algae contribute to the maintenance of

differences between urban and undeveloped areas (Benedetti-Cecchi et al., 2001).

Assemblages of turf-forming algae, similar to those occurring in urban areas, occurred

in relatively pristine locations after C. amentacea removal. Dominance of canopy algae at

Giannutri and Capraia can explain the low cover of turf-forming algae (mainly coarsely

branched and filamentous algae) at these locations and, therefore, lowshore assemblages

structure between islands and the mainland.

Although patterns in rocky shore assemblages are consistent with the hypothesis that

lower anthropogenic disturbance on islands may allow persistence of canopy algae and

associated invertebrates, lack of historical data on these assemblages and of direct

quantification of the intensity and distribution of disturbances on the islands and mainland

make it impossible to conclusively link these observed patterns to human impacts.

Other factors, in addition to anthropogenic disturbance, were likely to differ between

islands and mainland shores and may underlie patterns in assemblages. Currents,

oceanographic patterns and the geomorphology of the coastline, are commonly invoked

as causes of large-scale variation in abundance of organisms that disperse larvae in the

water column (Gaines et al., 1985; Pineda, 1994; Bertness et al., 1996; Caley et al., 1996;

Connolly et al., 2001). These processes might explain the larger abundance of barnacles on

the mainland. Large variance in patterns of abundance at the regional scale is a distinctive

feature of barnacles in the study area (Benedetti-Cecchi, 2001). It is possible that

oceanographic events limit dispersal of larvae offshore, reducing recruitment of barnacles

to island rocky shore. There are, of course, other possible explanations for the difference

between islands and the mainland in abundance of barnacles, such as type and texture of

the substratum (e.g. Raimondi, 1988) or, more likely, a combination of oceanographic

processes and local features of the environment (Hutchinson and Williams, 2001).

Differences between islands and the mainland were also revealed by the comparison of

spatial and temporal variances. These patterns matched those of mean abundance for some

taxa, with larger variances corresponding to larger means. In other instances, however,

there was no apparent relationship between the mean and the variance. Most algae that fell

into this category exhibited larger temporal variability and larger spatial heterogeneity at

the scales of quadrat and site on islands than on the mainland. In contrast, there was larger

among-site variation on the mainland for midshore populations of the limpets P. aspera/

caerulea, but no difference at the scale of quadrat. Once again, one can only speculate on

the underlying causes of variation, which are likely to involve complex interactions among

several physical and biological processes (e.g. Underwood, 1985). The spatial and

temporal scales over which these processes operate are, however, those usually covered

by ecological experiments. It will be possible, therefore, to devise critical field tests to

explain the differences between islands and the mainland in patterns of variation of

common taxa at these scales.

There were no significant differences between islands and the mainland in patterns of

variation between locations. Two-tailed tests had very low power for this comparison,

involving only one degree of freedom both for the numerator and the denominator of the F

ratio. Inspection of graphs and estimates of variances, however, suggested some differ-

ences between environments. Encrusting coralline algae and P. rustica were, for example,

more variable between locations on the mainland than between islands. Articulated
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coralline algae, in contrast, were more variable between islands. Other differences in the

magnitude of variance among locations were trivial, as they involved absence or low cover

of organisms in one or the other environment (e.g. C. amentacea and V. utricularis).

Differences in assemblages between the insular environment and the mainland are

expected either in relation to isolation and size of islands or, as an alternative but not

mutually exclusive explanation, because of intrinsic differences in the relevant processes

operating in the two environments. The scrutiny of these models is important in assessing

the extent to which islands provide unique environments with no counterpart on the

mainland, thereby contributing to the regional complexity of marine coastal areas. Our

study system provided a unique opportunity to proceed with such a test, due to the

occurrence of discrete areas of rock along the mainland with spatial discontinuities and

extents comparable to those of islands. The results show that islands in the Tuscany

Archipelago contribute to the regional diversity and complexity of assemblages of rocky

seashores over and above any possible effect of size or isolation. These findings establish

the observational basis for future experimental investigations to identify the processes that

most contribute to differentiate the insular environment from that of the mainland. Finally,

the results have also important implications for conservation of marine coastal assemb-

lages and would indicate that inclusion of representative assemblages within systems of

marine-protected areas requires targeting rocky shores both on the mainland and on

islands.
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