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A B S T R A C T

Habitat fragmentation is a threat to the preservation of both terrestrial and marine biodi-

versity. While terrestrial systems have been well studied, relatively few studies have con-

sidered how changes to the spatial arrangement of habitats affect fauna in marine

systems. In this study, sampling and manipulative experiments examined the effects of

varying the size and isolation of habitat patches on the abundance of mobile invertebrates

inhabiting an algal dominated rocky reef. Variation in the size of naturally occurring

patches of the brown alga Sargassum linearifolium did not impact upon the abundance of

any taxonomic groups, with the exception of polychaete worms, which were most abun-

dant in small patches. When habitat patch size and isolation were manipulated, the abun-

dance of colonising isopods increased with increasing isolation from contiguous habitat.

Amphipods and ostracods colonised small patches to greater numbers than large patches.

Sampling of the matrix was undertaken to examine the rarely tested assumption that the

area between habitat patches is not a potential source of colonists to the habitat in ques-

tion. The matrix was found to support a strikingly different community of invertebrates

than did the algal habitats and thus was unlikely to be a source of colonists to isolated algal

patches. The increased abundance on small and isolated patches for some taxa are incon-

sistent with traditional predictions of the effects of reduced habitat patch sizes and indi-

cate that patchy landscapes should not necessarily be considered poor habitats. The

variation in responses among taxonomic groups suggests that a range of patch sizes

may be necessary to maintain species diversity.

� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

Habitat fragmentation is a recognized threat to the conserva-

tion of biodiversity in both terrestrial and marine ecosystems

(Bell et al., 2001; Tscharntke et al., 2002). The process of frag-

mentation involves a reduction in the size of suitable habitat

patches and increasing isolation among remnant habitat

patches (Saunders et al., 1991; Fahrig, 2003). As well as the di-

rect effects of reduced habitat area, further impacts include

alterations to the dispersal and behaviour of organisms, isola-
er Ltd. All rights reserved

; fax: +61 2 9385 1558.
edu.au (D.A. Roberts).
tion of subpopulations and restricted gene flow (Zschokke

et al., 2000). Indirect effects of habitat fragmentation may in-

clude enhanced invasibility of exotics, altered predator/prey

interactions and fluctuating abiotic conditions due to the

greater proportion of variable edge habitats (Tscharntke

et al., 2002). Alterations to the spatial configuration of habitat

may also exacerbate the negative consequences of habitat

loss (Shochat et al., 2001).

The effects of changes to the size and isolation of habitat

patches have usually been examined by contrasting frag-
.

mailto:d.roberts@student.unsw.edu.au


B I O L O G I C A L C O N S E R VAT I O N 1 2 7 ( 2 0 0 6 ) 1 8 –2 6 19
mented habitats to those that are considered to be contiguous

(Fahrig, 2003). To do this, researchers have traditionally

adopted one of three approaches. The first is to sample across

habitat patches of varying size and isolation and record mea-

sures of abundance or species richness (Bell et al., 2001; Bow-

den et al., 2001; Shochat et al., 2001; Hill and Curran, 2003).

Second, manipulative studies have created experimental

landscapes to directly test the effects of specific processes

associated with changes to habitat structure (Debinski and

Holt, 1999). Finally, computer simulations have been used to

examine dispersal and the persistence of populations in frag-

mented habitats (Wiens et al., 1997; Bevers and Flather, 1999).

In contrast to terrestrial ecosystems, it is only recently that

the consequences of habitat fragmentation have been consid-

ered in marine habitats (Robbins and Bell, 1994; Bell et al.,

2001). Human uses of marine environments including recrea-

tional activities and commercial developments often result in

changes to the size and distribution of habitat patches

(Duarte, 2002). Concern over anthropogenic impacts in mar-

ine systems, however, has predominantly centred on the re-

moval of high trophic level organisms through overfishing

(Pinnegar et al., 2000) and the impact of pollution (Shahidul

Islam and Tanaka, 2004). Logistic problems associated with

conducting landscape-scale ecology in subtidal marine envi-

ronments have limited our understanding of the likely effects

of habitat fragmentation and unlike terrestrial systems, de-

tailed maps of habitat patch sizes and arrangement are rarely

available (Robbins and Bell, 1994). Additionally, there have

been few studies that have adopted an experimental ap-

proach to investigate how landscape configuration affects

marine organisms and most of these have been conducted

in a single habitat – that of seagrass beds (Irlandi, 1994; Rob-

bins and Bell, 1994).

In this study, we use both sampling and experimental ap-

proaches to examine the effects of varying the size and isola-

tion of habitat patches on the abundance and colonisation of

mobile epifauna inhabiting subtidal algal beds. Marine mac-

roalgae support very high densities of mobile invertebrates

(especially amphipods, gastropods and polychaetes) which

comprise a major component of coastal marine biodiversity

(Brawley, 1992). Like seagrass beds, algal beds can be subject

to fragmentation associated with anthropogenic develop-

ments and activities (Walker and Kendrick, 1998). The likely

effects of this process on the mobile epifauna are poorly

understood, with few studies examining the effects of frag-

mentation on invertebrates in algal habitats (Goodsell and

Connell, 2002). We asked three specific questions: (1) Does

the abundance of epifauna vary with the size of naturally

occurring patches of the brown alga Sargassum linearifolium?

(2) Do patch size and the degree of isolation affect the coloni-

sation of epifauna in experimental landscapes? (3) Is the ma-

trix between habitat patches a potential source of colonists?
2. Methods
2.1. Study site and organisms

Sampling and experiments were conducted on a sub-tidal

rocky reef (2–5 m depth) supporting dense beds of the brown
macroalga S. linearifolium (Turner) C. Agardh at Shark Bay, Port

Jackson, Sydney, Australia (33�51 0900S, 151�16 0000E). S. linearifo-

lium is most abundant in the winter months (Poore and Stein-

berg, 1999), when it mostly occurs as large patches over tens

of metres with occasional smaller patches and single algae

in isolation among areas devoid of algae (bare rock or sand).

The mean (±S.E.) distance among individuals at this time of

year is 3.4 ± 0.6 cm (n = 78) (Poore, 2005).

S. linearifolium supports a diverse assemblage of mobile

invertebrates including gammarid and caprellid amphipods,

harpacticoid copepods, isopods, ostracods, polychaetes, deca-

pods and gastropods. Further details on algal biomass at this

site and factors affecting the distribution of amphipods can

be found in Poore and Steinberg (1999), Poore et al. (2000)

and Poore (2004).

2.2. Sampling of natural patches of varying size

The relationship between the size of naturally occurring

patches of S. linearifolium and the abundance of epifauna

within Shark Bay was examined by sampling 10 individuals

of S. linearifolium from each of three different patch size clas-

ses in May, 2003. Patches were classified as small (a single

alga), medium (greatest patch dimension 0.25–1.0 m) and

large (greatest patch dimension larger than 1 m). Each patch

was separated by at least 1 m from neighbouring habitat

patches and within 3 m of large contiguous beds of S.

linearifolium.

Individual S. linearifolium were quickly enclosed underwa-

ter in a 1 L plastic container. All samples were preserved in

5% formaldehyde, shaken repeatedly in freshwater to remove

associated epifauna and rinsed through a 300 lm sieve. Under

a dissecting microscope, all invertebrates were counted and

sorted to the following taxonomic groups: amphipods, iso-

pods, polychaetes, copepods, bivalves, gastropods, anemones

and ostracods. The wet mass of each alga was recorded and

counts converted into densities (number of organisms/g wet

mass of algae).

The abundance of amphipods, gastropods, isopods and

polychaetes, the taxonomic groups exhibiting densities

greater than 0.5 individuals/g algae, were contrasted among

patch size classes by one-factor analysis of variance

(ANOVA). The wet mass of the algae sampled did not differ

significantly between any of the patch size classes (F2,27 =

1.283, P = 0.294).

2.3. Colonisation to patches of varying size and isolation

An artificial landscape was created to test how variation in

patch size and isolation affects the colonisation of inverte-

brates to suitable habitat patches. Patch size and isolation

were manipulated in a factorial design with individuals of

defaunated S. linearifolium placed in patches of two size clas-

ses at three distances (0, 2 and 10 m) from existing algal beds

(greater than 20 m · 5 m). Cable ties were used to attach either

one individual of S. linearifolium (small habitat patches) or an

individual surrounded by four neighbours (large habitat

patches) to squares of plastic mesh measuring 7 cm · 7 cm

with a mesh size of 1 cm2. Epifauna were removed from algae

using a fresh water rinse adapted from Holmlund et al. (1990).
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Algae were placed in freshwater for 1 minute, followed by a

short submersion in seawater and a subsequent minute of

freshwater. The defaunation process does not affect the

attractiveness of S. linearifolium to Peramphithoe parmerong,

an abundant gammarid amphipod at Shark Bay (Poore,

2005).

Ten replicate patches were used for each of the six combi-

nations of the patch size and isolation treatments. Mesh

squares were bound by cable ties to a single eyehole dynabolt,

drilled into the rock platform using a pneumatic drill attached

to an SCUBA tank and labelled with fluorescent flagging tape

to aid in recovery. All replicates were at least 5 m apart with

no algae between the isolated treatments (2 and 10 m) and

the contiguous algal beds.

After 5 days, 30 replicates were retrieved (five for each

treatment), with the final 30 retrieved after 10 days. Five days

is sufficient to allow abundant species of amphipods (the

most abundant taxonomic group) to return to natural densi-

ties when colonising defaunated algae in close contact to

existing unmanipulated algae (Poore, 2005). For large habitat

patches, only the central individual of S. linearifolium was col-

lected. Samples were preserved and sorted as described

above. The densities of major taxonomic groups that exhib-

ited mean densities greater than 0.5 individuals per g of algae

were analysed with two-factor ANOVA with time and isola-

tion treated as fixed factors and patch size treated as a ran-

dom variable. Previous research has identified 5–10 days as

an appropriate time period over which to examine returns

to natural densities of epifauna. The wet mass of the alga

sampled did not differ significantly among any of the treat-

ments (F1�2,48 > 0.310, P > 0.15).

2.4. Matrix sampling

The effect of changes to the configuration of habitats is

commonly examined by dividing the landscape into areas

that support the organisms of interest (habitat patches)

and the remaining areas (the matrix) (Wiens, 1995). This

general approach, and the ability to manipulate the isola-

tion of habitat patches used in this study, relies on the

assumption that animals derived from the matrix do not

influence the patterns of abundance in habitat patches

(Ricketts, 2001). A relationship between variable abundances

at different distances from contiguous patches may be con-

founded if the organisms studied are able to exploit various

habitats, or if patterns of organism abundance in the ma-

trix also vary with distances from contiguous patches. To

exclude these possibilities we sampled invertebrates from

the matrix habitat (bare rock and cover of associated sedi-

ments) among the patches of S. linearifolium at all distances

from contiguous patches considered in the manipulative

experiment.

Five plots of area 20 · 20 cm were sampled from each

of the three levels of isolation used in the colonisation

experiment (0, 2 and 10 m from contiguous algal beds). The

plots were sampled with a venturi suction sampler (similar

to designs described in Rostron and Survey, 2001). Particulate

matter and associated invertebrates were sucked through

the vacuum hose and collected in a 200 lm mesh bag.

Each plot was subjected to 60 s of continuous suction fol-
lowed by 10 s of suction above the benthos to ensure all

organisms still in the pipe and hose were collected in the

mesh bag. The contents of the mesh bags were then trans-

ferred to 1 L plastic containers, preserved and sorted as

described above.

The composition of major taxonomic groups within the

matrix samples was contrasted to five randomly selected al-

gal samples (only small patches were considered) from each

of the levels of isolation with nonmetric multi-dimensional

scaling and analysis of similarities. Given the contrasting

types of samples, the numbers of each taxon were standar-

dised to equal abundance per sample to provide a test of rel-

ative abundances only. The proportion of total number of

individuals that belonged to each major taxonomic group

was contrasted betweenmatrix and algal habitats using 2 fac-

tor ANOVA with habitat (matrix or algal) and isolation (0, 2

and 10 m) as fixed factors. Amphipods were further classified

to family to test the assumption that amphipod assemblages

collected from the matrix were distinct from those associated

with macroalgal habitats (10 samples contrasted from each

habitat type).

2.5. Statistical analyses

Analyses of variance and Tukey�s post hoc tests were con-

ducted using SYSTAT Version 10 (SPSS Inc.). Assumptions of

normality and heterogeneity of variance were tested for each

variable by examining residual histograms and scatter plots

of estimates vs. residuals, respectively (Quinn and Keough,

2002). Where necessary, data were log transformed to satisfy

the assumptions of ANOVA. Nonmetric multi-dimensional

scaling and analysis of similarities were conducted with Pri-

mer (Version 5.2.2, Primer-E Ltd.).
3. Results
3.1. Sampling of natural patches of varying size

The abundance of each of the major taxonomic groups with

the exception of polychaetes did not vary significantly

among the three size classes of naturally occurring S. linearifo-

lium patches (Fig. 1, Table 1). Polychaetes were significantly

more abundant on small habitat patches than the medium

and large sized patches (Fig. 1(d), Table 1).

3.2. Colonisation to patches of varying size and isolation

Variation in the size and isolation of habitat patches in the

artificially created landscape affected the colonisation of mo-

bile invertebrates to these habitats. The effects, however, var-

ied among the major taxonomic groups. Isopods were the

only taxa to exhibit an isolation effect, colonising isolated

habitat patches (i.e., 2 and 10 m) to greater abundance than

those within contiguous habitat (Fig. 2(d), Table 2). The abun-

dance of colonising amphipods, copepods, gastropods,

ostracods and polychaetes did not differ significantly among

levels of isolation of patches (Fig. 2(a)–(c) and (e)–(f), respec-

tively, Table 2).



Table 1 – Analyses of variance for abundances of abundant taxa sampled from naturally occurring patches of Sargassum
linearifolium of varying size

Source df Amphipodsa Anemones Gastropodsa Polychaetes

F MS F MS F MS F MS

Size 2 0.45 0.225 1.21 0.736 1.02 0.668 9.82** 8.473

Error 27 0.449 0.609 0.656 0.863

Patch sizes were small (a single alga), medium (greatest patch dimension 0.25–1.0 m) and large (greatest patch dimension larger than 1 m).

Data were numbers per g wet mass alga.

a Log transformed.

* Denotes a significant result (0.01 < P = 0.05).

** Denotes a significant result (0.001 < P = 0.01).
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Fig. 1 – The abundance of: (a) amphipods; (b) anemones; (c) gastropods and (d) polychaetes sampled from naturally occurring

patches of Sargassum linearifolium of varying size. Data are mean (±S.E) numbers per g wet mass alga, n = 9–11 per treatment).

For polychaetes, treatments that share common letters are not significantly different according to Tukey�s pairwise

comparisons.
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Patch size had an effect upon the abundance of amphi-

pods and ostracods, both of which colonised small habitat

plots to significantly greater numbers (Fig. 2(a) and (e),

respectively, Table 2). The abundance of colonising copepods,

gastropods, isopods and polychaetes did not differ signifi-

cantly among patch sizes (Figs. 2(b)–(d) and (f), respectively,

Table 2).

The abundance of no individual taxa differed significantly

between the two collection times (Table 2). There were no sig-

nificant interactions among the main effects (isolation, patch

size and time) for any of the taxa analysed, with the exception
of a three-way interaction for the abundance of copepods

(Table 2).

3.3. Matrix sampling

Sampling of invertebrates inhabiting the areas of bare rock

and sediment between the algal habitats confirmed that these

areas cannot be considered as suitable habitat for algal

epifauna. The invertebrate assemblages inhabiting this

matrix were not those found inhabiting S. linearifolium

(Fig. 3). The composition of major taxa in the habitats differed
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Fig. 2 – The abundance of: (a) amphipods; (b) copepods; (c) gastropods; (d) isopods; (e) ostracods and (f) polychaetes

colonising habitat patches of varying size and isolation in a experimental landscape. Data are mean (±S.E) numbers per g wet

mass alga (n = 5 per treatment). Distance treatments that share a letter are not significantly different according to Tukey’s

pairwise comparisons.
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significantly (analysis of similarities, R = 0.434, P = 0.001). The

matrix habitat supported high numbers of tanaids that were

absent from algal communities (ANOVA contrasting the

proportional abundance in the two habitats, F = 236.2, P =

0.001). Copepods (F = 48.5, P < 0.001), polychaetes (F = 12.5,

P = 0.001), isopods (F = 54.0, P < 0.001) and ostracods (F = 17.9,

P = 0.001) all comprised a significantly greater proportion

of the total number of invertebrates found within algal

assemblages than those within the matrix assemblages.
The proportion of the total number of individuals that

were amphipods (F = 2.0, P = 0.16) and gastropods (F = 0.51,

P = 0.48) did not differ significantly among the two habitats.

The amphipod assemblages however, were dominated by

species within different families. Within the matrix, most

amphipods were from species within the families Aoridae

and Ischyroceridae (50% and 45% of all amphipod individu-

als, respectively). In contrast, amphipods from algal sam-

ples were mostly species from the families Hyalidae and
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Fig. 3 – Nonmetric multi-dimensional scaling ordination of

the samples from the matrix and algal habitats based on the

composition of major taxonomic groups present in each

(stress = 0.13).

Table 2 – Analyses of variance for abundance of epifauna colonising patches of Sargassum linearifolium in an
experimentally fragmented landscapes

Source df Amphipodsa Copepodsa Gastropodsa Isopodsa Ostracodsa Polychaetesa

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

Isolation 2 12.98 0.755 4.88 4.670 2.69 0.482 30.86* 24.195 9.91 5.300 0.649 0.265

Time 1 8.88 1.775 0.04 0.087 0.95 0.131 1.57 0.111 20.78 2.265 0.968 0.511

Size 1 7.43** 3.019 0.60 0.430 0.02 0.014 0.08 0.072 7.36** 3.441 3.71 1.786

Isolation ·
time

2 1.58 0.843 0.40 1.005 0.31 0.551 1.08 0.566 0.28 0.189 0.51 0.219

Isolation ·
size

2 0.14 0.058 1.33 0.957 0.31 0.179 0.85 0.784 1.14 0.535 0.85 0.408

Time · Size 1 0.49 0.200 3.18 2.286 0.24 0.138 0.08 0.070 0.23 0.109 1.10 0.528

Isolation ·
time · size

2 1.31 0.533 3.48* 2.500 3.05 1.795 0.57 0.522 1.43 0.669 0.89 0.427

Error 48 0.406 0.719 0.588 0.924 0.468 0.482

The factors were isolation (0, 2 and 10 m from contiguous habitat), patch size (one and five algal individuals) and collection time (5 and 10 days

from the start of the experiment).

Data were numbers per g wet mass alga.

a Log transformed.

* Denotes a significant result (0.01 < P = 0.05).

** Denotes a significant result (0.001 < P = 0.01)
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Ampithoidae (40% and 15% of all amphipod individuals,

respectively).

The abundance of isopods, ostracods, polychaetes and

copepods within the matrix did not differ significantly among

areas sampled from 0, 2 and 10 m from contiguous algal hab-

itats (isopods: F = 2.533, P = 0.121, ostracods: F = 2.600,

P = 0.115, polychaetes: F = 1.649, P = 0.225, copepods:

F = 0.864, P = 0.446). This further supports the notion that

the effects of habitat isolation observed in the above experi-

ments for these taxa were not due to the matrix being a

source of colonists to the algal habitats.
4. Discussion

4.1. Effects of varying patch size and isolation on algal
epifauna

It is most often assumed that reductions in habitat patch size

will result in reductions in the species richness and abun-

dance of organisms associated with those habitats (Hill and

Curran, 2003). In contrast to this prediction, reductions in

the size of habitat patches of S. linearifolium were associated

with either no effect on the invertebrates inhabiting this alga,

or with increased abundances on smaller habitat patches. The

effects of varying patch size differed among taxonomic groups

and, for some taxa, between natural abundances and those

recorded colonising patches in the manipulated landscape.

While patch size did not affect taxonomic groups consistently,

when an effect of patch size was found, invertebrates were

always more abundant in small patches. Polychaetes were

present at significantly higher abundancewhen sampled from

naturally occurring small patches, while amphipods and

ostracods colonised small experimental patches to signifi-

cantly greater abundance in the patch size and isolation

experiment. It must also be considered that attempts were

notmade to classify taxa to species, and that patch size effects

at lower taxonomic levels may be masked.

These variable results are consistent with other marine

studies which have found few predictable impacts of varia-

tion in patch size on the abundance of organisms in marine

systems (Bell et al., 2001). The colonisation of the harpacti-

coid copepod Scutellidium lamellipes and the gammarid Per-

amphithoe tea has been shown to be reduced to small

patches of the brown alga Pelvetia fastigiata (Gunnill, 1982).

The prediction of reduced abundance with reduced patch

size of seagrasses has been shown for species of infaunal

bivalves (Irlandi, 1997) and for juveniles of the blue crab
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Callinectes sapidus (Eggleston et al., 1998). Other manipula-

tive experiments, however, have found greater colonisation

of invertebrates to smaller habitat patches. Shrimps, amphi-

pods and isopods have all been shown to be more abundant

within smaller experimental patches of artificial seagrass

and oyster reef habitats (Eggleston et al., 1998, 1999). These

studies are comparable with the present study as they are

short-term, small-scale experiments. Thus, our results add

to the gathering evidence that simple patterns have not

yet been identified as to the effects of patch size on orga-

nism abundance in marine systems.

In this study, isolation of habitat patches of S. linearifolium

within the experimental landscape had a strong effect upon

the abundance of isopods, which demonstrated greater colo-

nisation to isolated patches (2 and 10 m) than patches in con-

tact with contiguous algal stands. This result is consistent

with that of Virnstein and Curran (1986) who demonstrated

that epifaunal crustaceans rapidly colonised isolated artificial

seagrass habitats to higher densities than contiguous habi-

tats, and Tanaka and Leite (2004) who showed similar pat-

terns for gammarid amphipods colonising S. stenophyllum.

However, Gunnill (1982) found reduced colonisation of S. lam-

ellipes and P. tea with distance from contiguous patches of P.

fastigiata. For intertidal microgastropods, distance between

patches of coralline algae was not found to affect colonisation

(Olabarria, 2002).

Evidence from observational and experimental studies

increasingly suggests that varying patch size and isolation

has inconsistent impacts upon fauna (Fahrig, 2003; Grez

et al., 2004). Despite expectations of negative impacts of

reducing patch size and increasing isolation of patches,

experimental studies in a wide range of habitats have shown

positive, negative or no effects upon the abundance of organ-

isms (Debinski and Holt, 1999). This variability in results to

date may be attributable in part to the range of spatial and

temporal scales over which such research has been con-

ducted (Debinski and Holt, 1999). For example, research into

the effects of habitat fragmentation has occurred across a

wide variety of spatial scales, from regions (Fjeldsa, 1992) to

cm (Wiens et al., 1997; Parker and Mac Nally, 2002; William-

son, 2003), and across temporal scales from days (Wiens

et al., 1997) to millennia (Fjeldsa, 1992).

In contrast, existing marine research has taken place

across much more uniform temporal and spatial scales. It is

logistically difficult to replicate sampling across sub-tidal

habitats on very large scales, and marine researchers have

been largely limited to short-term, small-scale studies

(Robbins and Bell, 1994). Even on these scales, however,

patterns may vary with spatial scale. In this study, the

discrepancy between the results of the sampling and manip-

ulative approaches for some taxa (e.g., polychaetes) may be

explained by variation in the sizes of habitat patches used

in each approach. Natural patches sampled were much larger

than those created experimentally in our artificial landscape.

Further manipulative experiments in marine environments

are required to establish how variation in the scales of habitat

structure may impact benthic assemblages. Also needed

are studies that test the effects of fragmenting existing habi-

tats on marine assemblages, rather than creating artificial

landscapes of known habitat configuration as was done
here and in similar previous research (Hovel and Lipcius,

2002).

4.2. Processes affecting abundance in habitat fragments

Variation in the effects of patch size and isolation on algal

epifauna in this study, and more generally among existing

studies, may arise from a wide range of processes affecting

the abundance of organisms in patchy landscapes. These in-

clude those that affect the ability of organisms to disperse

among habitat patches and their subsequent persistence

once within patches. The rapid colonisation of experimental

landscapes by epifauna provides a potentially powerful

tool for assessing the relative importance of these

mechanisms.

The structure of many subtidal habitats has been shown to

affect water flows by attenuating strong currents (Bologna

and Heck, 2000). These attenuated flows often facilitate an in-

crease in the passive settlement of individuals within those

habitats (Bologna and Heck, 2000). Landscape characteristics

that alter local hydrodynamics may therefore affect supply

of both larvae and passively dispersing animals (Bell et al.,

2001; Tanner, 2003). For example, small patches with greater

edge to centre ratios may attenuate currents more efficiently,

enhancing the deposition of organisms to these patches

(Bologna and Heck, 2000). Thus, structural aspects of patchy

landscapes may alter the supply of organisms to an area, an

important source of variation in the abundance and species

composition of marine benthic assemblages (Underwood

and Keough, 2001). Furthermore, the physical structure of

habitats may covary with the degree of patchiness (Healey

and Hovel, 2004). The use of artificial seagrass (Healey and

Hovel, 2004), or in this study, the relocation of algal habitats

from a consistent source allows for tests of patch size and iso-

lation per se, that are not confounded by possible variation in

within-patch habitat structure.

Virnstein and Curran (1986) proposed a ‘‘nearest refuge

hypothesis’’ to explain increased abundances of fish and

crustaceans observed on isolated habitat patches in sea-

grass beds. This hypothesis assumes that organisms dis-

perse widely among habitat patches (predominantly at

night) then return to the nearest possible suitable habitat

for refuge. For organisms that have travelled some dis-

tance from suitable habitat, isolated clumps of habitat

would provide the nearest refuge for more animals than

less isolated patches (Virnstein and Curran, 1986). This

hypothesis was derived from studying colonisation of arti-

ficial seagrass units by mobile invertebrate epifauna at dis-

tances of up to 15 m from seagrass beds. This is on a

scale comparable to our own and therefore the abundance

of isopods on isolated habitat patches is consistent with

this process.

It is likely that the relationship between colonisation and

isolation of habitat patches is dependent upon the scale of

the habitat structure (Banks, 1998). While Virnstein and

Curran’s (1986) nearest refuge hypothesis may operate over

scales comparable to the foraging range of the organism,

increased isolation over much larger scales would be

expected to limit colonisation. If ecologists are to formulate

general theories from small scale experimentation, incorpo-
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rating the spatial scale of habitat structure as a factor

in their analyses may be a necessary approach (Banks,

1998).

In addition to processes affecting colonisation, variation in

patch size and isolation may also alter post-colonisation pro-

cesses such as rates of predation. Differences in predation

pressure between fragmented and contiguous habitats may

shape the responses of entire communities to habitat config-

uration (Irlandi, 1994; Hovel and Lipcius, 2002; Laurel et al.,

2003). If predation pressure is enhanced at patch edges, small

patches with a greater proportion of patch edge to interior

habitat offer lower protection from predation than do large

patches (Hovel and Lipcius, 2002). Alternatively, predators of

benthic organisms in marine systems may aggregate within

and concentrate foraging efforts upon larger patches (Connell

and Anderson, 1999; Laurel et al., 2003). In this study system,

the effects of fish predation on epifauna are unknown and the

importance of predators in responses to fragmentation re-

mains unresolved.

Finally, relationships between patch structure and the

abundance of mobile epifauna could arise if the matrix was

a source of potential colonists. Whilst patchy habitats are

usually considered to consist of two habitats, patches and

matrix, most studies have focused only upon abundances

within habitat patches (Ricketts, 2001). Some evidence exists,

however, to suggest that the structure of the matrix is also

important in mediating responses to habitat patchiness (Rick-

etts, 2001). If functional isolation is to occur, the matrix must

not be a significant source of colonists for habitat patches.

The possibility of algal-associated invertebrates residing in

the matrix was tested and disputed by directly sampling the

matrix habitat, and therefore cannot explain the results of

the colonisation experiment.

4.3. Conclusions

Many marine habitats may be fragmented through human

activities such as coastal developments and recreational

activities (Uhrin and Holmquist, 2003). Understanding the

role of changes to habitat configuration in algal-dominated

habitats is essential as these support diverse assemblages

of associated fauna that provide trophic links between pri-

mary producers and predatory fish (Taylor, 1998). Using

experimental techniques in a novel habitat, this study adds

to existing evidence from seagrass beds that demonstrate

variable responses of fauna to habitat structure. Effects of

decreased patch size and increased isolation have varied

in magnitude and among taxonomic groups, but when

present have usually had positive effects upon densities of

invertebrates.

This growing evidence from small-scale manipulative

marine studies indicates that patchy habitats are not neces-

sarily poor quality and that combinations of patchy and con-

tiguous habitats may be required in a given area to maximise

diversity, particularly if certain taxa demonstrate an affinity

for isolated habitat patches (Healey and Hovel, 2004). The re-

sults of such research in marine habitats can help in identify-

ing and prioritising areas in need of conservation, and in the

design of potential restoration strategies (Eggleston et al.,

1998). Experimental manipulation of habitat configuration is
a powerful tool that can guide the design of such strategies

(Robbins and Bell, 1994; Bell et al., 2001).
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