
Introduction

Anthropogenic habitat fragmentation (AHF) is one of

the main threats to biodiversity (Andrén 1994, Fahrig

1997, 2003). AHF acts in a complex way altering patterns

and processes on different ecological levels, e.g., affect-

ing the structure and dynamics of populations, communi-

ties, ecosystems, landscapes, and at different scales both

spatially and temporally (Saunders et al. 1991). At the

community level, the alteration of ecological and spatial

variables (size, isolation, shape, resource availability, dis-

turbance regimes, etc.) at the local scale as well as at

whole landscape scale may affect both qualitative compo-

sition and quantitative species richness and other parame-

ters as well (Fahrig 1997, 2003).

Wetlands, marshlands, and ponds are naturally patchy

habitat types that in fragmented landscapes are usually

immersed inside a sea of a matrix of anthropogenic habi-

tats, unsuitable for many reed-bed specialists (Paracuellos

2006a, b). Therefore, there may be considerable effects

due to AHF on the environment (Paracuellos and Tellerìa
2004, Paracuellos 2006a). Evaluating that wetlands are

considered among the most threatened ecosystems on

Earth, this aspect is of obvious conservation concern

(Semlitsch and Bodie 1998, Gibbs 2000, Holm and

Clausen 2006).

Decrease in patch area and increase of patch isolation

are two important components of wetland fragmentation

(Gibbs 2000), but how wetlands, marshlands, and ponds

respond to area and isolation in fragmented landscapes is

still poorly known (Leibowitz 2003). Area of wetland

fragments in anthropogenic habitat mosaics landscape is

considered the best single predictor of species richness in

fragmented wetlands, with large wetlands being more

species-rich than small wetlands (Brown and Dinsmore

1986, Gibbs et al. 1991, Celada and Bogliani 1993, Find-

lay and Houlahan 1997, Mamo and Bolen 1999, Báldi and
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Kisbenedek 2000, Riffel et al. 2001, Paracuellos 2006b).

Relative abundance of area-sensitive specialists signifi-

cantly decreases as patch area decreases (Ambuel and

Temple 1983, Howe 1984, Opdam et al. 1985, Saunders

et al. 1991). This follows the equilibrium theory of island

biogeography (hereafter, ETIB; MacArthur and Wilson

1967) applied to habitat islands inside mainland (see Dia-

mond 1975, Burkey 1995). A solid point of ETIB theory

(applied to conservation biology) assumes that increasing

isolation from mainland or from an un-fragmented source

area may decrease the species richness. Many of the char-

acteristics of isolated wetlands may not really depend on

isolation per se but on the ecological constraints per-

ceived in a species-specific way (Leibowitz 2003). In par-

ticular, the presence of vagrant species (i.e., non-resident

species, migrants, occasional visitors and unsuccessful

colonizers; see Rose and Polis 2000) does not match with

the classic ETIB rules, because vagrants neither colonize

nor go extinct in islands and/or habitat fragments, and

were therefore excluded from data analyses by many

authors (Rose and Polis 2000).

Moreover, despite that many landbirds are vagrants

using small patches embedded in transformed landscape

matrix as roosting, feeding and stopover points, there is a

tendency in many studies to include only breeding species

and to exclude the accidental and vagrant ones (Wool-

house 1983, Kalmar and Currie 2006).

Log-log transformation has been the most common

transformation used in the literature to describe the spe-

cies-area relationship because of its higher explanatory

power compared to other types of transformations

(Watling and Donnelly 2006). In the ETIB, the z value of

the log-log transformed relationship, corresponding to the

slope of the regression line, has been indicated as a coef-

ficient suggesting a biological meaning in respect to the

isolation degree of the archipelago (Preston 1962, Connor

and McCoy 1979, Abbott 1980). If the islands are iso-

lated, z values might be even larger (Schoener 1976) and

indeed have been used to indicate degrees of perceived

isolation of the samples for the target group (Kitchener et

al. 1980, 1982, East 1981). However, in the absence of

independent measures of isolation such inferences rest on

invalid, circular logic (Wiens 1989). Indeed, many

authors suggested that the matrix permeability could in-

tervene on the species dynamics, thus influencing the iso-

lation perceived from the species and, at the community

level, the species richness inside the fragments (e.g., Báldi

and Kisbenedek 2000). Therefore, in the log-log regres-

sion line, z values should assume increasing values in ar-

chipelagos more embedded in matrix with a progressively

low permeability for a specific taxon (Watling and Don-

nelly 2006). Lower z values, or shallower slopes of the

regression lines, indicate greater permeability and there-

fore increased immigration rates (Connor and McCoy

1979, Rosenzweig 1995). Z values were observed to in-

crease from true islands (oceanic or landbridge ones) to

habitat fragments in terrestrial landscapes (Watling and

Donnelly 2006).

Birds have been traditionally used as model organ-

isms in AHF studies. However, whilst many studies have

focused on the effects of AHF on birds in forest fragments

‘archipelagos’ (e.g., Opdam et al. 1985, Cieslak 1985,

Helle 1985, Blake and Karr 1987, McCollin 1993, Wiens

1995, Hinsley et al. 1995a, Matthysen et al. 1995, Villard

1998, Villard et al. 1999, Mortberg 2001, Frank and Bat-

tisti 2005, Lorenzetti and Battisti 2006) and in shrub-

steppe and grassland complexes (e.g., Herkert 1994,

Knick and Rotenberry 1995), very few studies have ex-

amined AHF effects in wetland archipelagos (e.g.,

Tscharntke 1992, Báldi and Kisbenedek 1998, 1999,

Moskát and Báldi 1999, Báldi 2004). Concerning the

coastal marshlands of Mediterranean Europe, frequently

characterized by reedbeds (Phragmites australis Cav.

Trinex ex Steudel), only a handful of papers have been

published up to now (Celada and Bogliani 1993,

Paracuellos 2006a).

In birds, owing to habitat fragmentation and area re-

duction, habitat specialists decrease whilst generalists in-

crease, thus leading to species turnover at the community

level (Bellamy et al. 1996a). Consequently, it is useful to

separate the effects of fragmentation, and especially the

fragment area at both community and assemblage levels

(Wilcove et al. 1986, Villard 1998).

The aim of this study was to investigate the role of a

component of habitat fragmentation, i.e., fragment area,

to analyse the effects on bird species richness at four lev-

els: (i) total number of species sampled for the area, (ii)

assemblages of vagrant species, (iii) breeding communi-

ties, and (iv) an ecological guild consisting of Phrag-

mites-related breeding species selected a priori in a

highly fragmented Mediterranean wetland system of Cen-

tral Italy. Data are discussed in terms of the influence of

area following the classic ETIB applied to mainland and

in terms of consequences on the z coefficient of the spe-

cies-area regression line. We predict that small (and iso-

lated) wetlands will have fewer species than large ones

but that the species-area relationship will be different for

the different assemblages considered (vagrants, breeding

birds, Phragmites-related species). More precisely, we

expect that the z value should be more elevated in the

Phragmites-related species than in the species of the other

assemblages. Moreover, if the hypothesis on the z value
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as related coefficient to the isolation degree of wetland

archipelagos is true, we predict the existence of a gradient

of isolation perceived from the bird species that occur in

wetland fragments. This gradient may move from the en-

tire set of species (including vagrant birds) to breeding

birds, and to wetland-obligate birds (i.e., Phragmites-re-

lated species). The results of this study will also be dis-

cussed in terms of their implications in planning, manage-

ment and conservation of nature reserves.

Materials and methods

Study area

The study was carried out in an archipelago of wet-

land fragments in the southwestern portion of the metro-

politan area of Rome (Fiumicino, Cerveteri, and Ladis-

poli municipalities, Latium, Central Italy), along the

Tyrrhenian coast. The wetlands were in a reclaimed flat

plain (0-20 m a. s. l.), and were situated within a 40 km

radius.

The current landscape of the study area is severely al-

tered, and is actually characterized by an agricultural an-

thropogenic habitat matrix that hosts fragment patches of

natural and semi-natural ecosystems (remnant oak-woods

and marshlands; Anon. a). The total surface of wetland

fragments at landscape scale is very limited (< 1% on 400

km
�
). Consequently, the effects linked to habitat fragmen-

tation and area reduction are expected to act on bird com-

munities and species (Andrén 1994, Fahrig 1997): for in-

stance, for wetland-obligate bird species these remnants

could be considered “habitat islands” and “geographi-

cally isolated wetlands” (Leibowitz 2003, Paracuellos

2006a). Wetlands are characterized by reed-beds domi-

nated by Phragmites australis, emergent plants like Ty-

pha latifolia L., and Schoenoplectus palustris L. (Palla),

and isolated scrubs and trees such as Quercus ilex L., Q.

pubescens Willd., Populus alba L., Alnus glutinosa (L.)

Gaertner, Fraxinus oxycarpa (Willd.), Salix alba L., are

also present (Ceschin and Cancellieri 2007). The climate

is typically Mediterranean (mesomediterranean type,

xeroteric region; Blasi 1994).

Protocol

A total of 16 marshland remnants (total area = 81.56

ha), ranging in size from 0.09 to 29.54 ha, were investi-

gated (Table 1). Some of these fragments are included in

the “Natural State Reserve of the Litorale Romano”, and

other fragments are listed as conservation concern areas

(Special areas of Conservation; sensu “Habitat” 92/43/CE

and “Birds” 79/409/CE Directives; Anon. b 2007; Battisti

et al. 2007). This sample of fragments is highly repre-

sentative, corresponding approximately to more than 75%

of residual wetland coverage of the study area (Anon. a

2006). The fragmented archipelago was distant from the

nearby large non-fragmented marshlands (Circeo Na-

tional Park) about 50-80 km. The fragments were grouped

in three size classes (0-1 ha; 1-10; > 10 ha; Table 2). The

frequency distribution of the fragments was highly

skewed towards small fragments (< 1 ha). Remnants were

selected from 1: 10,000 scale maps and aerial photo-

graphs, and after preliminary field surveys. To determine

area of the fragments, a Map-Info software (ArcView 3.2,

ESRI, California) was used. A scarce variation occurs in

the type and configuration of landscape matrix surround-

ing the fragments that could be considered embedded in a

similar matrix.

In spring 2006, a survey was carried out in each frag-

ment using the Territory Mapping Method (Pough 1947,

Bibby et al. 1992), in order to obtain quantitative data on

bird species richness (see International Bird Census Com-

mittee 1969). During the breeding season, many species

of birds are territorial. Males sing to defend their territo-

ries and the boundaries between territories are often

clearly defined by disputes with neighbouring birds. The

breeding territory can thus readily be used as a census unit
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and territory mapping can be used as an effective census

tool (Sutherland et al. 2004). The aim of territory mapping

method is to determine how many breeding territories of

each species do occur in a given study area. Although

time-consuming, this method allows a relatively straight-

forward calculation of richness in respect to other meth-

ods (Bibby et al. 2000).

The 16 remnants were visited early in the morning

during the breeding period (from March, 29 to June, 27).

A single observer (G.B.) walked at a constant speed (1.0-

1.5 km/h) along a previously established route in order to

cover the whole area of each marshland fragment. Every

remnant was surveyed eight times, always during good

weather conditions and avoiding windy, misty, and rainy

days (Bibby et al. 2000). The wetlands were visited in a

random order.

Mapping was extended slightly outside the study area

to ensure that the territory boundaries of species at the

edge of the plot were recorded (Tomialojc 1980, Suther-

land et al. 2004). For each fragment, mapping time was

proportional to the study area size (r� = 0.963, P < 0.01).

Every record (i.e., sign of bird territory occupancy) was

plotted on a 1:2,000 scale map, following the guidelines

of the standard territory mapping method. In our case,

when eight visits were carried out, a cluster of at least

three records is necessary to identify a territory (Interna-

tional Bird Census Committee 1969, Bibby et al. 2000).

We obtained a sampling map for each sampling day (i.e.,

visit). Finally, the whole data set was organised in spe-

cies-specific maps. In each fragment, inside the eight vis-

its, three samplings of an evident territorial behaviour

were considered sufficient to document the existence of a

breeding pair inside the fragment (International Bird Cen-

sus Committee 1969, Bibby et al. 1992). We assigned a

territory for each breeding pair (Bibby et al. 1992). Our

methods did not permit the observation of species with

crepuscular and nocturnal activity (e.g., Caprimulgifor-

mes, Strigiformes).

For each fragment, data were organized at four levels:

(1) total number of species, i.e. all the species recorded

during the study period, including vagrants, occasional

and migrants species, and breeders; (2) vagrant species,

i.e., all the occasional or migratory non-breeding species

and those that frequently used other nearby habitats but

were recorded also in wetland fragment during the study;

(3) breeding species, i.e., species that breed and with ter-

ritory completely or partially included in fragments; and

(4) Phragmites-related breeding species (hereafter PBS),

i.e., species belonging to a guild (sensu Verner 1984, Ma-

gurran 2004) related to Phragmites australis reed-beds

during the breeding season (see Cramp and Simmons

1977-1994, Paracuellos 2006a; Table 3).

For each wetland fragment we calculated the follow-

ing community/guild parameters: (i) total species rich-

ness (S���); (ii) vagrant species richness (S��); (iii) breed-

ing species richness (S��); and (iv) reed bed-related

breeding species richness (S�	).

Data analyses

For the wetland archipelago studied, we calculated the

species/area relationship untransformed, semilog-trans-

formed and log-transformed, as:

log S = z log A + log c

with S being the expected species richness, A the area of

each fragment, c and z constants (Diamond 1975, Mar-

gules and Usher 1981, Watling and Donnelly 2006). The

species-area relationship was calculated from the entire

set of species (total species richness) and for the single

levels (vagrants, breeding birds, and PBS).

Spearman’s rank correlation coefficient (r�) was used

for the simple relationship analyses between independent

variables (A) and bird assemblage parameters (S��� , S��,
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S��, S�	). When data, after logarithmic transformation, fit-

ted with assumptions of normality and homoscedasticity,

we used Pearson’s correlation coefficient (r). For each

model, we calculated its Akaike Information Criterion

(for small samples) score (AICc) (Sugiura 1978):

���� � �� ��	
�������		�� � � � � � � �� � �� � �& � � � ���

In this formula, n is the effective sample size and K is the

number of estimated parameters included in the model,

i.e., the number of variables + 1, to include the intercept

(Mazerolle 2006). This procedure allowed to ordering the

various models in terms of how they fit best the dataset.

Models with smallest AICc were the best models (Maz-

erolle 2006).

Habitat heterogeneity was assessed by Shannon’s in-

dex. Mean values of species richness between size area

classes of wetland fragments were compared with ANO-

VAs followed by Tukey HSD post-hoc tests, after having

verified data normality. All tests were two-tailed, and al-

pha was set at 5%. The statistical package SPSS 13.0 (ver-

sion for Windows) was used for all statistics.

Results

The species richness values observed in each study

site are given in Table 4. Total species richness ranged

from 21 to 73 (19-54 in vagrant species, 2-19 in breeding

birds, and 1-10 in PBS). Fragment area was significantly

correlated to total species richness (r = 0.826; n = 16, P <

0.01), vagrant (r = 0.737; P < 0.01), breeding (r = 0.812;

P < 0.01) and PBS (r = 0.828; P < 0.01), as well as with

Shannon’s index of habitat heterogeneity (r = 0.752, n =

16, P < 0.01).

A comparison of the various regression equations

showed that the log-log relationship was the best fitted

model (Table 5). Within the log-log model, vagrants

showed the lower percentage of variance explained, as in-

dicated by the respective R
�

values (Table 5).

As patch area (A) and Phragmites area were highly

correlated (r� = 0.721, P = 0.002), we selected for further

analyses the variable area (A) that was the most robust

among the various variables considered. The area-species

richness relationships for the total number of species and

for PBS revealed that the number of species in both curves

reached a plateau phase at about 5 ha surface, thus indi-

cating that a 5-ha surface was a threshold for PBS species

(Fig. 1). The log-transformed relationship between the

number of species and fragment area showed a z coeffi-

cient of 0.26 for total species, 0.22 for vagrant species,

0.42 for breeding species, and 0.49 for PBS, thus indicat-

ing that the regression slope of the PBS equation was

more inclined than that of the other bird assemblages.

These results are fully confirmed by AICc scores (values

ranging from 132 to 166, the lowest ones for PBS birds).
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Discussion

Species-area relationships

The present study was, at least under some aspects,

widely confirmatory of previous research on birds in frag-

mented landscapes. To begin with, an area effect on the

breeding bird communities was observed in our “archi-

pelago”, in agreement with the island biogeographic the-

ory (MacArthur and Wilson 1967) applied to mainland

ecosystems (Diamond 1975, Connor and McCoy 1979,

Watling and Donnelly 2006). Species richness was

strictly correlated to fragment area, i.e., area increases

were accomplished by an increase in the number of bird

species. This is a general rule in birds (see also McIntyre

1995, Schmiegelow et al. 1997, Kurosawa and Askins

2003, Bani et al. 2002, 2006, Frank and Battisti 2005,

Lorenzetti and Battisti 2006), including communities

from wetlands (Brown and Dinsmore 1986, Gibbs et al.

1991, Celada and Bogliani 1993, Findlay and Houlahan

1997, Mamo and Bolen 1999, Báldi and Kisbenedek

2000, Austin 2002, Paracuellos and Tellerìa 2004,

Paracuellos 2006a). This is also consistent with data from

other animals. For instance, Watling and Donnelly (2006)

analysed 118 studies and observed that in 91% of cases

the species-area relationship was positive. Several hy-

potheses have been proposed to explain species-area rela-

tionships, including passive sampling method (Connor

and McCoy 1979), the dynamic equilibrium hypothesis

(Preston 1962a, 1962b, MacArthur and Wilson 1967),

and habitat - diversity hypothesis (Williams 1964, Bel-

lamy et al. 1996). Another confirmatory side of our study

is that log-transformed area-species relationship appeared

the best fit model with respect to semilog- and untrans-
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formed models (Preston 1962a, 1962b, Watling and Don-

nelly 2006; but see Báldi and Kisbenedek 2000). Thus,

our data fully confirm early reports on this issue, applied

also to mainland fragmented ecosystems (e.g., Margules

and Usher 1981, Opdam et al. 1985, Cieslak 1985).

Assemblage-level analyses and the role of habitat

heterogeneity

Our results also indicated that fragment area influ-

enced differently the species richness for distinct assem-

blages in wetland fragments, thus making assemblage-

specific consequences to the type of area-species

relationships. The amount of variation (R
�

of log-log re-

gression line) explained in the ‘species-area’ relationship

was largely different among assemblages, that is: it was

high for PBS and breeders, and was the lowest for va-

grants. Overall, Watling and Donnelly (2006) showed

that R
�

values explained by area corresponded to a mean

value of 0.626, that was much less than our values. This

suggests that our bird assemblages are shaped by area ef-

fects in a stronger way than it was in the majority of other

bird communities worldwide. This pattern may in part de-

pend on the relatively small area of our study sites com-

pared to the range of available studies in Watling and

Donnelly’s (2006) review.

The species-area effect could be due also to an in-

crease of heterogeneity with fragment area. Wetlands are

biotopes naturally patchy and, in these ecosystems, habi-

tat heterogeneity usually increases with area (Paracuellos

and Tellerìa 2004). Moreover, the role of heterogeneity

could be different in respect to different assemblages

studied. In wetland archipelagos, the relative species rich-

ness of small islands is a result of the preference of most

common passerine bird species for the edges of reed is-

lands. The wetland habitat diversity, that results from spa-

tial and temporal variation in environmental conditions,

is important for migrants and vagrants occurring occa-

sionally or using the wetlands as stopover differently in

respect to specialized breeding birds (Báldi and Kis-

benedek 2000, Paracuellos 2006a).

The analysis and interpretation of z values have been

a contentious area in fragmentation and island biogeogra-

phy research, with some authors interpreting z values bio-

logically and others suggesting no biological meaning for

this coefficient (Connor and McCoy 1979; Watling and

Donnelly 2006). In our case, we found that higher z-val-

ues were associated with PBS and breeding birds. This

fact fully supports the idea of a ‘matrix effect’ on the stud-

ied species, where suitable fragments are interspersed

within an unsuitable matrix of anthropogenic habitat, and

thus with a perceived isolation by the more specialist spe-

cies (i.e., PBS and breeding birds).

Our z-values reached 0.40, i.e., a higher value than

that observed in the majority of studies on animals in ar-

chipelagos from elsewhere. Indeed, the reviews in Begon

et al. (1986) and Watling and Donnelly (2006) indicated

that z-values of birds in fragmented ecosystems were

within the range 0.10-0.16, but was 0.17-0.72 for ecologi-

cal islands (Opdam et al. 1985, Moore and Hooper 1975,

Kalmar and Currie 2006). Connor and McCoy (1979) ar-

gue that slope values outside the range 0.20-0.40 may be

interpreted biologically. In this sense, the low slope value

seen in many studies of agricultural matrices may suggest

higher immigration rates in that matrix type, highlighting

the role of the landscape matrix on species richness pat-

terns in fragmented landscapes (Watling and Donnelly

2006).

Ecological implications

Vagrants may alter the habitat islands that they visit

(e.g., in terms of predation, parasites and pathogens, com-

petition, cascade effect, Crooks and Soulé 1999, Rose and

Polis 2000). Thus, although they are usually excluded

from ETIB studies, they represent high proportion of the

whole faunas in islands and habitat fragments (Rose and

Polis 2000). Thus, when including these species in ETIB

studies, the overall result is that the ‘insularity of islands’

is reduced (Rose and Polis 2000). Our data widely support

this pattern, because chance (i.e. the percentage of unex-

plained variance) contributed in a more substantial way to

the area-species relationship, to its fit and to its z-value

for vagrants than for the other assemblages studied (see

also Woolhouse 1983 for the study of the effect of chance

on bird assemblages in habitat fragments). These argu-

ments on vagrants could be limited to the northern hemi-

sphere, where migrant non-breeding species (i.e., va-

grants) are an important component of landbird faunas

(Abbott 1980).
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