
Introduction

At landscape scale, habitat alteration and fragmentation

are responsible for the extinction of many animal and plant

species (Wilcox and Murphy 1985, Wilcove et al. 1986, Fa-

hrig and Merriam 1994, Davies et al. 2001). Reduction in

area of habitat fragments is considered as the main threat fac-

tor for many conservation targets (Soulé and Orians 2001,

Fahrig 2003), and also implies an increase of edge effects

within fragments due to a matrix effect or to a plethora of

anthropogenic disturbances (e.g., Ricketts 2001, Crooks and

Sanjayan 2006). Reduction in fragment area can therefore be

seen as one of the prominent disturbance events that may af-

fect a natural ecosystem in the current world (Fahrig 2003).

As every other disturbance event, reduction in fragment area

may induce effects at either level of sensitive target species

or assemblages, disrupting both population level parameters

(e.g., demographic, genetic) and assemblage/community

level parameters (e.g., richness, evenness, diversity) (Lin-

denmayer and Fisher 2006, 2007). Thus, reduction in frag-

ment area may be considered a ‘stress’, where stress is de-

fined as an alteration of a state of a target attribute following

a disturbance event (White and Pickett 1985; see also Salaf-

sky et al. 2003 and Battisti et al. 2008a).

Being of central relevance for applied ecology and con-

servation, the study of the effects of fragment area reduction

has received considerable attention during the recent years,

including both animals and plants as study systems (e.g.,

Hobbs, 1988, Ricklefs and Miller 1999, Spellerberg and

Sawyer 1999, Stratford and Stouffer 1999, Feer and Hingrat

2005, Hill and Curran 2005, Guirado et al. 2006, Watling and

Donnelly 2006). Birds have traditionally been important sub-

jects for these studies, either at a assemblage/community or

at a population/species level (e.g., Cieslak 1985, Wilcove et

al. 1986, Hinsley et al. 1995, Matthysen et al. 1995, Bellamy

et al. 1996a,b, Keyser et al. 1998, Massa et al. 1998, Huhta

et al. 2004, Frank and Battisti 2005, Lorenzetti and Battisti

2006).

Although, as already mentioned, many studies have in-

vestigated the effects of fragment area reduction, the effects

of the links betweenarea reduction and stress have not yet

been investigated. So, an emerging problem is how we may

investigate these links. In much ecological literature the di-

versity/dominance diagrams are used to relate the stress lev-

els with specific changes in the species assemblage states

(e.g., Whittaker 1960, Harrel et al. 1967, Tokeshi 1993, Gha-

zoul 2002). For instance, the profile, trend, and shape of the

diagram lines may convey information on eventual anthropo-

genic or natural stresses occurring in the assemblage struc-

ture (Ganis 1991, Magurran 2004). In these diagrams, data

are arranged in species rank/frequency diagrams (Battisti et

al. 2008b). In species rank/frequency diagrams, all the spe-

cies in a sample are ranked from the most to the least rela-

tively abundant. Each species has a rank, which is plotted on

the X-axis, and a frequency on the Y-axis. The frequency for

the most abundant species is plotted first, then the next most

common, and so on (see Magurran 2004).
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The aim of this work is to investigate the links between

fragment area reduction and stress on breeding bird assem-

blages in two different systems of wood fragments (mainland

‘archipelagos’ sensu Virgós et al. 2002), which are included

in highly fragmented landscapes of Central Italy. We quan-

tify stress by using a diversity/dominance analysis, using

rank/frequency diagrams. More specifically, we hypothesize

that an increase in the slope of diagram lines should corre-

spond to an increase of stress by each assemblage in forest

fragments. Thus, an increasing of slopes in the diver-

sity/dominance diagrams should correspond to an increase in

fragment area reduction.

Materials and methods

Two ‘archipelagos’ of forest fragments (Cornicolan hills

and Anzio-Nettuno) were studied during spring (March-

June) 2002 and 2003, at the early morning hours (hrs 07:00-

11:00), with sunny weather. Sampling was suspended during

rainy days. The two archipelagos are situated in two different

landscapes of Rome metropolitan area (Latium, Central It-

aly) (Fig. 1). Mean neighbour distance among fragments was

430.3 ± 826.6 m SD for Cornicolan hills, and was 715.3 ±

644.2 m SD for Anzio – Nettuno. Both archipelagos are in-

cluded in an agricultural and urbanized landscape matrix.

The agricultural matrix in both archipelagos consisted of ol-

ive groves, pinewood plantations, and croplands growing on

a moderately hilly landscape with interspersed isolated build-

ings and small towns (< 1,000 inhabitants). These archipela-

gos were:

(i) Cornicolan hills, placed between the Central Apennines

and suburban area of Rome (municipalities of Mentana,

Fonte Nuova, Monterotondo, S.Angelo Romano, Guidonia).

This study system included 20 deciduous oak forest frag-

ments (Quercetalia pubescentis; range of fragment area:

0.26-302.48 ha). Local hilly forest system is highly frag-

mented (< 5% on total area at landscape scale, about 200

km
�
). Dominant trees are Quercus cerris and Q. frainetto;

shrub layer is composed by Carpinus orientalis, Acer cam-

pestre, Fraxinus ornus, Sorbus torminalis, Styrax officinalis,

Crataegus monogyna, C. oxyacantha, Cornus mas, Ligus-

trum vulgare (further details in Lorenzetti and Battisti 2006).

(ii) Anzio – Nettuno, placed along the southern sector of the

province of Rome (municipalities of Anzio and Nettuno), in-

cludes 13 oak deciduous woods (range of fragment area:

0.12-525.64 ha). Forest system is highly fragmented (< 2%

of total area at landscape scale, about 200 km
�
). Large non-

fragmented forests (i.e., Castelporziano forest towards the

North, and Circeo National Park forests towards the South)

are far away from this study system (at least 30-50 km).

Quercus frainetto and Q. cerris are the dominant tree species;

the shrub layer is composed by Carpinus betulus, Mespilus

germanica, Fraxinus ornus, Ligustrum vulgare, Acer cam-

pestre, Crataegus monogyna, Prunus spinosa, and Cornus

mas (further details in Ceschin et al. 2003 and Frank and Bat-

tisti 2005).

Breeding bird assemblages occurring in wood fragments

were studied by line transect method (Bibby et al. 2000), ap-

plied to fragmented landscapes (Villard et al. 1995). We de-

fined ‘breeding’ those birds that were singing or displaying

territorial behaviours during the breeding period (March-

June) (e.g., Bibby et al. 2000). As proposed by Villard et al.

(1995), in each fragment a transect with a length proportional

to the major axis of the wood fragment was walked repeat-

edly during bird breeding period (three times in Cornicolan

study area: from March, 23 to June, 15, 2002; two times in

Anzio-Nettuno study area: from March, 4 to July, 4, 2003).

Although we acknowledge that there may be some biases due

to the different number of walks along transects between ar-

chipelagoes, however these potential biases may not have

been a source of errors in our conclusions because (i) we con-

sidered the maximum values and not the mean values, and (ii)

we did not compare line slopes between archipelagos but

only among fragments within archipelagos. All birds heard

while walking and seen while displaying territorial behav-

iours along the transects were recorded inside a 25 m main

belt (Merikallio 1946; Jàrvinen and Vàisànnen 1973). We

adopted a conventional distance of 25 m because in highly

structured ecosystems (as forest fragments) the species de-
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tectabilities decrease abruptly beyond this distance (Suther-

land 2006). Data on species/area relationships (Mac Arthur

and Wilson 1967, Diamond 1975) were obtained for both

study areas at either breeding bird assemblage or at guild lev-

els (Frank and Battisti 2005, Lorenzetti and Battisti 2006).

Within each archipelago, data were recorded by the same ob-

server (EL for Cornicolan hills and BF for Anzio – Nettuno).

For each species, the maximum values of relative fre-

quency (i.e., number of individuals of each species/total

number of individuals in the forest fragment assemblages) on

three (Cornicolan hills) or two (Anzio- Nettuno system)

times/transect were obtained in each wood fragment. Species

with relative frequency higher than 0.05 were considered as

dominant (Turcek 1956). Simpson’s dominance concentra-

tion index (Simpson 1949) was calculated for breeding bird

assemblages in each wood fragments for the two study areas.

Diversity/dominance analyses were carried out with spe-

cies rank/relative frequency diagrams (Ganis 1991, Magur-

ran 2004), utilizing the data set (species/frequency) obtained

for the two archipelagos (see Appendix I). A first-degree

equation was calculated for each fragment, including all bird

species together. This equation is:

Fr = ar + b

where Fr is the relative frequency of each breeding species

in each forest fragment, r is the rank of each species in breed-

ing bird assemblage, a is the angular coefficient (negative) of

the regression line, indicating the mean decrease of the rela-

tive frequency of the species with increase of the species rank

(slope of the line), and b is a coefficient (intercept value) that

could be considered as the trend value of the first dominant

bird species of the forest fragment assemblage represented in

the regression line in equation. We prepared a diagram for a

selection of four categories of assemblages, representative

each one of four fragment size classes (< 1 ha; > 1-10; >10-

100; >100) in two ‘archipelagos’.

In this paper, we investigated species assemblages as

whole units where relative frequency of the species is a value

aimed to obtain regression lines in diversity/dominance dia-

grams and a diversity index (Simpson). Therefore, the results

did not allow a discussion on possible implications regarding

to assembly rules among species determined by interspecific

competition, predation or disturbance (for a review of assem-

bly rules in fragmented landscapes, see Lindenmayer and

Fischer 2006, and also Wiens 1989, 1994).

We performed a heterogeneity slopes test among curves

of the rank/relative frequency diagrams in the two archipela-

gos. Spearman rank correlation test (2-tailed, if not otherwise

indicated) was used to correlate two variables. Alpha was set

at 5%, and analyses were performed with SPSS 7.5 for Win-

dows software.

Results

A total of 33 species were recorded at Cornicolan hills

and 28 species at Anzio – Nettuno (Appendix 1). The range

of species numbers recorded per fragment size class was re-

spectively: 9 species (< 1 ha), 11-17 (> 1-10), 15-22 (> 10-

100), 20-21 (>100 ha) for Cornicolan hills and 3-9 species (<

1 ha), 12 species (>1-10), 14-17 (>10-100), 17-25 (> 100) for

Anzio – Nettuno (Appendix).

The number of breeding bird species decreased with

fragment area in both archipelagos (see Appendix and spe-
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cies/area relationship in Frank and Battisti 2005, Lorenzetti

and Battisti 2006). The relative frequencies of the breeding

bird species in wood fragments of the two archipelagos are

given in the Appendix. The ratio between number of domi-

nant species (Fr > 0.05) and species richness was not signifi-

cantly correlated to fragment area in Cornicolan hills (r� =

0.253; P > 0.05; n = 20;) and was inversely correlated to frag-

ment area in Anzio – Nettuno (r� = -0.920; P<0.01; n = 13).

Simpson’s dominance index (Table 1) was inversely corre-

lated to fragment area in both archipelagos (Cornicolan hills:

r� = - 0.615; P < 0.01; n = 20; Anzio – Nettuno: r� = - 0.610;

P < 0.05; n = 13; Fig. 2 and Fig. 3).

In both archipelagos, the breeding bird assemblages re-

vealed considerable differences in terms of relative spe-

cies/frequency equation lines, with smaller fragments show-

ing higher slopes (Table 2). Subdividing the fragments (and

each relative breeding bird assemblage) in size classes, a de-
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crease of angular coefficient with area reduction was ob-

served in both archipelagos (Cornicolan hills: r� = -0.803; P

< 0.01; n = 20; Anzio-Nettuno: r� = -0.949; P < 0.01; n = 13;

Spearman rank correlation test, two-tailed). This is explicited

in species/frequency diagrams for a set of assemblages rep-

resentative of each size class, where lines showed slopes (i.e.,

angular coefficient) significantly higher when fragment size

decreases (Fig. 4, Cornicolan hills; Fig. 5, Anzio - Nettuno).

Slope of the curves in rank/relative frequency diagrams

showed significant differences among them (heterogeneity

slope test; Cornicolan hills area: F = 44.375, p<0.0001; An-

zio – Nettuno: F = 38.118; p<0.001).

Discussion

Profile, shape and slope of curves or approximated re-

gression lines, obtained by comparing rank and relative fre-

quency of the species, permits to infer general property of the

assemblages (Ganis 1991, Magurran 2004). Particularly, a

high slope of the assemblage line may indicate an anthropo-

genic or natural stress (or, e.g., a juvenile phase in a succes-

sion); vice versa, a low slope may suggest a stable and/or ma-

ture structure or complex interactions at

assemblage/community level (Ganis 1991, Magurran 2004).

In our two case studies, a factor of change in structure of

breeding bird assemblages is the fragment area, as shown by

frequency/species rank diagrams. Smaller wood fragments

showed lower species richness and a higher proportion of

dominant species (with relative frequency > 0.05; Turcek

1956; Appendix), thus an increasing of the Simpson’s domi-

nance indices. The change in slopes of tendency lines explicit

in diversity/dominance diagrams shows the progressive

disruption in bird assemblage structure, corresponding to a

reduction of species richness and an increase of the dominant

species. An apparent contradiction to this pattern is shown

among two of the smallest patches in the Anzio-Nettuno ar-

chipelago (Armellino γ and Armellino δ) where the slope

zero is due to the very small number of species (respectively,

three and four) with similar frequency. Presumably, below

low thresholds in fragment area the low number of individu-

als did not permit a diversity/dominance analysis.

Inside each size class, differences in slope between archi-

pelagos might depend from differences in their isolation at

regional scale: for our study areas we observed different val-

ues of z coefficient (Anzio-Nettuno: 0,21; Frank and Battisti

2005; Cornicolan hills: 0,12; Lorenzetti and Battisti 2006) in

species/area relationship, probably due to a higher isolation

at regional scale (i.e., higher distance from un-fragmented

forest areas) of the Anzio-Nettuno archipelago.

The negative correlation between Simpson’s dominance

index and fragment area in both archipelagos suggests that

this parameter may influence the assemblages more than the

simple ratio ‘number of dominants/species richness’ (corre-

lated to fragment area only in one archipelago). Neverthe-

less, further data are necessary to confirm this suggestion.

Highly dominated assemblages are present in resource

poor environments or when environmental catastrophes or

strong disturbances have occurred (Magurran 2004). In this

sense, wood fragments might be considered as resource poor

environments where only dominant generalist and/or edge

species could inhabit, breed and persist (see, e.g., Wilcove et

al. 1986, Villard 1998). Our data indicate that fragment area

could be considered a stress factor that may influence breed-

ing bird species and structure of the assemblages in wood

fragments. Results of heterogeneity of slopes tests further re-

inforced that there was a true stress due to the reduction of

fragment area. Decrease of fragment area is a component of

habitat fragmentation (Bennett 1999, Fahrig 2003). Follow-

ing this approach, the process of habitat fragmentation, and

consequently fragment area reduction, could be considered

an anthropogenic stress at landscape scale, influencing the

food and spatial resources in forest fragments. Fragmentation

and area reduction induce a disturbance-related stress on bird

assemblages, directly related to fragment area.

In community ecology, this diversity/dominance ap-

proach may contribute to investigate the effect of habitat

fragmentation on biological diversity, actually a priority in

conservation biology (e.g., Soulé and Orians 2001).
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Appendix

Relative frequencies of each species in two sets (“archipela-

goes”) of wood fragments (in decreasing fragment area or-

der; see study area). The file may be downloaded from

www.akademiai.com
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