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EFFECT OF WINTER WATER STRESS ON THE BREEDING BIRD ASSEMBLAGE
OF A REMNANT WETLAND IN CENTRAL ITALY

Francesca CAUSARANO!, Corrado BATTISTI® & Alberto SORACE?

RESUME. — Effet du stress hydrique hivernal sur la communauté d’oiseaux nicheurs d 'une zone humide
résiduelle en Italie centrale.— Nous avons évalué les effets du stress hydrique hivernal sur les peuplements
d’oiseaux nicheurs et deux communautés d’especes (des roselieres humides et des milieux ouverts) dans
une zone humide résiduelle du centre de I’Italie. Les données ont été obtenues par cartographie durant une
période de cing ans (2001-2005) comprenant une année de stress hydrique (2002). Au niveau du peuplement,
la richesse spécifique, I’indice de diversité et celui de 1’équirépartition ainsi que la biomasse consommante
ont affiché leurs plus faibles valeurs durant la saison de reproduction 2002 mais seul le dernier parametre a
montré des différences significatives avec I’année précédente (2001) et suivante (2003). Durant les périodes
appariées 2001-2002 et 2002-2003, le renouvellement des especes fut le plus grand et I’indice de similarité
le plus petit. En ne considérant que la communauté des roselicres humides, on a observé que la richesse
spécifique a diminué en 2002 comparativement aux autres années ; les valeurs de 1’indice de diversité et
la biomasse consommante ont changé de maniére significative entre cette année et a la fois la précédente
(2001) et la suivante (2003) ; la densité écologique (i.e. la densité dans I’habitat convenable) de ces especes
fut significativement plus faible en 2002 qu’en 2001. La baisse significative de la biomasse consommante
fut due a la disparition locale des especes plus strictement liées aux habitats aquatiques et aux phragmitaies,
avec une masse corporelle moyenne plus forte que celle des especes des milieux ouverts. Aucun changement
similaire ne fut observé chez les espéces des milieux ouverts. Les changements entre années furent plus dus
au renouvellement des espéces qu’a celui de leurs abondances. Les conditions d’habitat des zones humides,
i.e. liées au niveau d’eau, ont été cruciales pour la variation interannuelle de la richesse spécifique et de la
densité des oiseaux nicheurs dans la zone d’étude.

SUMMARY. — We evaluated the effects of winter water stress on breeding bird communities and two
assemblages of species (wet-reed species and open-habitat species) in a remnant coastal wetland of central
Italy. Data were obtained by means of mapping method, on a five year-period (2001-2005), comprising a
water stress year (2002). At community level, species richness, diversity index, evenness and consuming
biomass showed the lowest values in the 2002 breeding season, but only the last parameter showed signifi-
cant differences with the previous (2001) and subsequent (2003) years. In the paired years 2001-2002 and
2002-2003, species turnover was highest and percentage similarity index was lowest. Only considering the
wet-reed assemblage, we observed that: species richness decreased in 2002 in comparison to other years; the
values of diversity index and consuming biomass changed significantly between that year and both previous
(2001) and subsequent year (2003); ecological density (i.e. density in the suitable habitat) of these species
was significantly lower in 2002 year compared to 2001. The significant decrease of the consuming biomass
was due to the local disappearance of the species more strictly linked to water habitats and to the Phragmites
reed-beds, with a higher mean body mass as compared to open-habitat species. No similar changes were
observed for open-habitat species. Changes between years were more due to species turnover rather than
abundance turnover. Wetland habitat conditions, i.e. linked to water level, were crucial to year-to-year vari-
ation in breeding bird species richness and density in the study area.
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Remnant wetlands in fragmented landscapes suffer disturbances from the nearby
anthropized environments, to the extent that processes inside these fragments may be under the
complete control of the surrounding transformed landscape matrix (Tscharntke, 1992; Harris
& Silva Lopez, 1992; Farina, 2001). One of the main disturbances is the water stress caused
by the reduced flow of superficial running water and the pumping up of water into the sur-
rounding areas (e.g. for irrigation). In similar conditions, rain may be the only water input for
wetlands. Thus, scarce precipitations could be considered a stochastic factor that may cause
marked effects on wetland-associated animal populations and communities in isolated wet-
lands (Saunders et al., 1991; Baldi & Kisbenedeck, 1998; Graveland, 1998; Moskat & Baldi,
1999; Barbraud et al., 2002; Krapu et al., 2006).

In this study, we refer to the term ‘water stress’ such as the impact of an abrupt and not
predictable event of seasonal drought in a network of channels going through a wetland study
area. This event may occur in a different period (e.g., winter) and with a different intensity
when compared to the natural hydrologic regime of a Mediterranean wetland. In this work
we refer only to the hydrologic variables (i.e., a water level metric) of the water stress, not on
chemical or physical ones (e.g., salinity, flood).

Water stress may represent a natural or an indirect anthropical disturbance for many bird
species linked to wetland environments (Gilbert et al., 2005; Krapu et al., 2006). Water stress
may negatively affect wetland bird species adapted to aquatic habitats (Dimalexis & Pyrovetsi,
1997; Arengo & Baldassarre, 1999; Bancroft ef al., 2002; Steen ef al., 2006), in particular the
species that rely on these habitats for foraging and breeding (Bancroft et al., 2002, Johnson e?
al., 2007). A reduction in water volume and surface may correspond to a habitat loss for wet-
land obligate birds, inducing a population decline in many species, especially if area-sensitive
(Dolman & Sutherland, 1995). Moreover a decrease of water level in wetlands could act as a
driving force to increase other natural or indirectly human-induced disturbances (e.g. preda-
tion on waders: Rosa ef al., 2006; decrease of food availability in ducks: Nummy & Poysa,
1995; change in fish species community structure and diversity and consequences on piscivo-
rous birds: Summerfelt, 1971; change in arthropod availability for reed passerines: Poulin et
al. 2002).

Effects of these disturbances could differ among species assemblages. The approach for
assemblages has been widely used in the last three decades in management and conservation
studies (Verner, 1984; Magurran, 2004; Lorenzetti & Battisti, 2006).

Despite some studies were undertaken with regard to the effects of water stress on single
species (e.g. Cézilly et al., 1995; Strong et al., 1997; Baldi & Kisbenedeck, 1998; Arengo &
Baldassarre, 1999; Gilbert et al., 2005; Boertmann & Ricet, 2006; Krapu et al., 2006; Paillison
et al., 2006), further investigations on the effects at assemblage level are requested, especially
in the Mediterranean context. In particular, in Mediterranean areas, some studies at community
level focused especially on the effect of habitat fragmentation and, secondarily, on the conse-
quences of water stress (e.g. Celada & Bogliani, 1993; Paracuellos, 2006). Moreover, despite
the usefulness of studying the disturbance regimes in a long term period, many studies focused
their analysis only on short time (Hobbs & Huenneke, 1992).

In central Italy, winter 2001-2002 was characterized by scarce rainfall. This produced
a marked water stress in a protected residual wetland of the Tyrrhenian coast, which led to a
partial drying up during the 2002 breeding season (total in reed-bed covered area, partial in the
channels used for fish farming). This phenomenon allowed the evaluation of the effects of an
abrupt water level change on bird communities in a remnant wetland. Aim of the present study
was to evaluate the effects of a winter water stress on breeding bird communities and two eco-
logical (habitat related) assemblages of species in a remnant coastal wetland area, comparing
data recorded on a five year-period (2001-2005), including a dry year (2002).
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MATERIAL AND METHODS

STUDY AREA

The study area is included in the “Palude di Torre Flavia” natural Monument (central Italy; 41°58°N; 12°03°E), a
small protected wetland (40 ha) on the Tyrrhenian coast (Special Area of Conservation, according to the EC Directive
on the Conservation of Wild Bird 79/409/EC), relict of a larger wetland drained and transformed by land reclamation in
the last Century (Battisti, 2006; Battisti et al., 20006).

At landscape scale, this area shows characteristics of a remnant fragment of wetland inside an agricultural and
urbanized matrix. At local scale, it shows a seminatural heterogeneity with Phragmites australis reed-beds, channels
used for fish farming (prevalently, three species of mullets, Mugil cephalus, Liza saliens, Liza ramada), flooded
meadows with Carex hirta, Juncus acutus and Cyperaceae corresponding to Juncetalia maritimi habitat type according
EC “Habitat” Directive 92/43/EC, dune and backdune areas. Hereafter, we refer to “open habitat” to comprise flooded
meadows, edge areas, dunes and backdunes.

Climate is xeric-meso-Mediterranean (Tomaselli et al., 1973; Blasi & Michetti, 2005). The water in the wetland
area is mainly of meteoric and seastorm origin and flow from surrounding areas is scarce. Depth is variable in time, and
no water is present from July to October (Battisti, 2006). Water stress is one of the main local direct threats known for
Torre Flavia wetland (Battisti et al., 2008).

WATER LEVEL

Each year from 2002 to 2005, between 20.11I and 20.VI, we measured the water level in the wetland channels
with a metric pole (+/- 1 cm) once each ten days in a single sampling point (hydrometric station of Torre Flavia). These
channels have been artificially built in the first half of xxth Century for fish farming and show vegetated banks and a
regular depth. Water level measured in this point is representative of water level in the whole of the channel network
(Battisti, 2006). During the breeding season 2001 water level data were not available.

SAMPLING TECHNIQUES

In five consecutive years (2001-2005), in an 11 ha area inside the “Torre Flavia” natural Monument (about 6 ha
within the Phragmites australis reed-bed and about 5 ha within open habitats), bird communities were monitored by
means of mapping census method (Bibby ez al., 2000). During each breeding seasons (March-July), a number of periodic
visits were carried out with a comparable sampling effort (2001: 26 hours of sam})ling; 2002: 23; 2003: 26; 2004: 27,
2005: 24; differences among hours of sampling in five years are not significant: = 0.434, d.f. = 4; NS). In each visit,
the observer collected data following a non linear transect (2,200 m-long) in early morning (07.00 -10.00h a.m.).

Contacts (i.e. records of each individual bird) were noted on a local map (scale 1: 2,000 from 1:10,000 Technical
Regional Map; Regione Lazio, 1990). Species-specific maps were created and species-specific territories were obtained
following the clustering procedure described in Bibby ez al. (2000). One point was given to territories (i.e. clusters
of individual species-specific contacts) completely inside the study area and 0.5 point to edge territories (i.e. clusters
partially included in the 11 ha study area). We considered a “territory” as a range area inside which a species pair was
considered to breed (i.e. one territory = one breeding pair; Bibby et al., 2000).

Due to the limited vocalizations of Tachybaptus ruficollis (Pallas, 1764), Anas platyrhynchos Linnaeus, 1758,
Gallinula chloropus (Linnaeus, 1758), and Fulica atra Linnaeus, 1758, an estimated value of the density of such species
was drawn from the counting of the observed individuals. Species that utilized the study area only for foraging or
roosting, but not for breeding, e.g. Hirundo rustica Linnaeus, 1758, Pica pica (Linnaeus, 1758), Corvus corone cornix
Linnaeus, 1758, Sturnus vulgaris Linnaeus, 1758, Passer italiae (Vieillot, 1817), were not considered in this study.

As surveys were carried out in the morning time, species with crepuscular or nocturnal activity such as Strigiformes
were not considered. Also individuals flying very high (i.e. higher than 25 m), and species with home ranges larger than
the study area (e.g. gulls and raptors), were not considered.

DATA ANALYSIS

We analysed data at community and assemblage level. We refer to the term “community” to indicate a set of
species that co-occur at a given time, spatial scale or area, (i.e. breeding bird species in our wetland study area) and to
the term “assemblage” to indicate a set of interacting species that share resources and/or are linked to the same habitat
type for breeding (Verner, 1984; Magurran, 2004). We selected two assemblages comprising:

i) species mainly found in the Phragmites australis reed-beds (hereafter: wet-reed species - Ph);

ii) species found in the open habitats (see above; hereafter: open-habitat species - Oh; Tab. II).

In each year, the following parameters were calculated:

— species richness, as the number of species occurring in the study area for the overall community (St,,) and for
each assemblages (Spy,: wet-reed species richness and Sqy,: open-habitat species richness);

— breeding pair density (D), expressed as number of territories (i.e. breeding pairs)/10 ha and calculated for each
species and all species (Dqy);

—relative frequency for each species (fi) as the ratio: specific density / Dr,; species with fi > 0.05 were considered
dominant species (Turcek, 1956; Wiens, 1989);
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— ecological density (ED) referred to species density in the most suitable habitat, expressed as number of breeding
pairs perl0 ha of suitable habitat, for each assemblages (EDpy,: wet-reed species and EDy,: open-habitat species); in
patchy habitat types such as wetlands this measure is more appropriate to assess the effective density of a strictly-habitat
related species within their habitat (Wiens, 1989);

— Shannon diversity index (H; Shannon & Weaver, 1963 as H =— X fi In fi), at community and assemblage level;

—evenness index (J = H/H,,,,; Lloyd & Ghelardi, 1964; where H, ., = In S; Pielou, 1966);

— consuming biomass (Cb; in g/10 ha; calculated as: Cb = Scb®7 (Salt, 1957), where Scb, or standing crop biomass,
is the total body mass of all censused individuals, in g/10 ha). We used consuming biomass more than standing crop
biomass, because the former explained better the specific variations of metabolic rthythm mainly related to individual
size. This value is directly proportional to energy removed by individuals from environment (Salt, 1957).

To calculate the biomass values, mean body mass values for Tachybaptus ruficollis, Anas platyrhynchos, Gallinula
chloropus, Fulica atra, Charadrius dubius Scopoli, 1786, and Galerida cristata (Linnaeus, 1758) were obtained from
Cramp and Simmons (1977, 1980, 1983); Cramp (1988); mean body mass of Ixobrychus minutus (Linnaeus, 1766),
Motacilla alba Linnaeus, 1758, Serinus serinus (Linnaeus, 1766), Carduelis carduelis (Linnaeus, 1758), and Miliaria
calandra (Linnaeus, 1758) were obtained from the body mass of individuals of these species captured in central Italy
(Gustin & Sorace 1999, 2001), and mean body mass of the other recorded species were obtained by the data archives of
the local ringing station (Sorace et al., 2006).

Turnover of species between couple of years was calculated as:

t=b+c/ 81 + Sz

where b is the number of species present only in the first year; ¢ is the number of species present only in the second
year; S; and S, are the total number of species recorded in the first and second year, respectively (Brown & Kodric-
Brown, 1977; Magurran, 2004). This index does take into account the relative frequency of individuals of each species;
therefore, to assess differences among years also on this basis, we used the percentage similarity index between years
(Southwood & Henderson 2000) as:

PS=100-0.5 E |Pai_ Pbi|

where P,; and Py,; are the percentage densities of species 7 in yearly samples a and b, respectively. The index varies
from 0 (in case of complete dissimilarity) to 100 (in case of complete similarity).

Data of species richness and evenness index, at community and assemblage level, were plotted in a Cartesian
space. The diagram obtained makes spatially explicit the differences in structure of communities and assemblages
(Ukmar et al., 2007).

Mean values of water level in the study area were compared with non parametric Mann-Whitney U test between
breeding seasons and Kruskal-Wallis test among all years.

Species richness between paired years was tested using xz test (1 degree of freedom; Yates’correction).

We performed the non parametric Kolmogorov-Smirnov test to compare the Shannon diversity indexes between
communities and assemblages. Total and ecological densities and consuming biomass were compared between paired
years using Wilcoxon signed ranks tests (single species as statistical unit). Significance levels were set at P < 0.05 and P
<0.01. We used statistical package SPSS 13.0 for Windows.

RESULTS

WATER LEVEL

Differences in mean water level among years were significant (2002-2005: H = 12.282;
3 d.f., P=0.008; Kruskal-Wallis test). In pairwise comparisons, only differences between 2002
and 2003 were significant (Mann Whitney U test; Tab. I).

TABLE1
Mean values (+ SD) of water level in Torre Flavia wetland (central Italy)
2002 2003 2004 2005
56.15 (£ 9.56) 89.20 (+21.44) 93.90 (£ 36.01) 100.30 (+ 24.64)
U=14.5% U=38 U=49.5
The differences between values has been tested with Mann-Whitney U test. * P <0.05.

COMMUNITY LEVEL

The values of species richness, diversity, evenness and consuming biomass were the lowest
in the 2002, but only consuming biomass showed significant differences with previous (2001)
and subsequent (2003) years (Tables II-V).
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TABLE 111

Values of species richness (St total species; Spy: wet-reed species; Sp,,: open habitat species); Shannon diversity
index (H), evenness (J) and consuming biomass (Cb) in Torre Flavia wetland (central Italy)

2001 2002 2003 2004 2005
Total Sot 17 11 17 15 15
H 236 1.84 2.44 225 229
] 0.83 0.77 0.86 0.83 0.85
Cb 1,363.61 533.59 1,457.24 1,506.94 1,454.37
Ph Sph 8 3 8 9 8
H 1.77 0.69 1.57 1.65 1.80
J 0.85 0.63 0.76 0.75 0.86
Cb 1,234.42 391.86 513.66 1,416.42 1,337.23
Oh Son 9 8 9 6 7
H 1.62 1.59 0.87 0.60 1.41
] 0.74 0.76 0.40 037 0.72
Cb 129.19 141.73 122.67 90.52 117.14
TABLE IV

Pairwise comparisons between consecutive years for the parameters used to describe the Torre Flavia wetland
communities and the two study assemblages

2001-2002 2002-2003 2003-2004 2004-2005
Total Stor! 0.89 0.89 0.03 0.03
H? 0.19 0.26 0.09 0.6
D3 2.226 1.474 0.536 0.070
Cb? 2.158% 1.917* 0.178 0.420
Ph Spp1 1.45 0.00 0.00 0.00
H2 0.39 * 0.49 ** 0.07 0.06
EDp,’ 2.539% 1.823 1.183 0.841
Cb? 2.521% 2.240% 0.507 0.943
Oh Son! 0.00 0.00 0.27 0.00
H? 0.09 0.08 0.14 0.14
EDg,> 0.000 0.707 1.890 0.180
Cb? 0.169 0.059 1.826 1.342

(Ph: wet-reed species; Oh: open habitat species). Species richness (St total species; Spy,: wet-reed species; Spy,: open
habitat species); H: Shannon diversity index; density (D); ecological density (EDpy,: wet-reed species and EDgy,: open
habitat—sgecies); Cb: consuming biomass. L. xz test (Yates correction); <: Kolmogorov-Smirnov non parametric test (D
values); °: Wilcoxon paired test (Z values) obtained using single species as statistical unit; * P <0.05; ** P <0.01.

In the paired years 2001-2002 and 2002-2003 species turnover was higher and percentage

similarity index was slightly lower than in other pairwise comparisons (Tab. V).
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TABLEV

Species turnover (T) and percentage similarity index (PS) between consecutive years at community and assemblage

level
2001-2002 2002-2003 2003-2004 2004-2005
T Total 0.21 0.21 0.13 0.07
Ph 0.46 0.46 0.06 0.06
Oh 0.06 0.06 0.20 0.08
PS Total 83.33 81.59 87.08 91.25
Ph 88.33 84.59 89.58 93.75
Oh 95.00 97.00 97.50 97.50

ASSEMBLAGE LEVEL

Wet-reed species richness, decreased in 2002 compared to other years (Tab. III). The
values of Shannon diversity index and consuming biomass were significantly lower in this year
than in previous (2001) or subsequent years (2003; Tab. IV). Wet-reed ecological density was
significantly different between 2001 and 2002 (Tab. IV).

Water stress induced in 2002 a local temporary lack of sampling of some species (e.g.
Tachybaptus ruficollis, Ixobrhychus minutus, Gallinula chloropus, Fulica atra) in the wet frag-
ment studied (Tab. II) that were sampled in years with ordinary water level ( > 80 cm in ave-
rage; Tab. I).

In the paired years 2001-2002 and 2002-2003, wet-reed species turnover showed the
highest values ( > 0.20) whereas the percentage similarity index was slightly lower than in
other pairwise comparisons (Tab. V). In open-habitat species, no significant differences in the
values of parameters (species richness, diversity, consuming biomass and ecological density)
were observed in paired years (Tab. IV). The percentage similarity index did not show clear
differences among years (Tab. V).

0 ‘ ‘ ‘ ‘ ‘

0 0,2 04 0,6 0,8 1

Figure 1. — Relationship between richness (S) and evenness (J) during five breeding seasons (2001-2005). Diamonds: total
community (dashed line); triangles: wet-reed species (dotted line); circles: open habitat species (continuous line).
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Species richness/evenness diagram showed a wider range in evenness of open-habitat
species as compared to wet-reed species. Range in species richness was wider in the wet-reed
species (Fig. 1).

DISCUSSION

The scarce rains in 2001-2002 winter and consequent reduction of water level disrupted
the 2002 breeding bird community and habitat related assemblages in the study area.

At community level, water stress induced a reduction of total species richness, diversity
index and consuming biomass in the 2002 breeding season, but the differences were significant
only for the consuming biomass.

At wet-reed assemblage level, water stress induced a disruption of some community
parameters: e.g. a strong reduction of species richness, and a significant reduction of the diver-
sity index and consuming biomass in the 2002 breeding period.

The significant decrease of the consuming biomass in the breeding bird community and
in wet-reed species was due to the local disappearing of the species more strictly linked to
water habitats and to the Phragmites reed-beds (e.g. Anatidae, Rallidae and other species of the
wet-reed assemblage). These species have a higher mean body mass compared to open-habitat
species (cf. Cramp & Simmons, 1977, 1980, 1983; Cramp, 1988), so their local disappearance
induced strong changes in total biomass.

No significant reduction in species number, diversity index and consuming biomass was
observed for open-habitat species. In heterogeneous open habitat surrounding reed-beds (Jun-
cetalia maritimi flooded meadows, crop-lands), some open-habitat related species (i.e. non
water associated species) were always present, e.g. Cisticola juncidis (Refinesque, 1810), Car-
duelis chloris (Linnaeus, 1758), Miliaria calandra. These species prefer edge and/or xeric
habitat (cf. Cramp, 1988) and could perceive a higher suitability when the areas surrounding
this remnant wetland tend to dry out.

Changes between years were due more to species turnover than to individual abundance
turnover. Species turnover was high particularly in paired years 2001-2002 and 2002-2003. In
2002 many species were not sampled, influencing the species turnover in total community and
in wet-reed assemblage. Nevertheless, the absence of wet-reed species in 2002 could be either
a true absence (local extinction or emigration) or a false absence due to a variation of detection
probability of individuals. In this sense, species that “disappeared” from wetland may have
partly retreated to within-reed bed, and therefore became temporarily not detectable and show
a false absence (see Boulinier ef al., 1998).

Percentage similarity of communities or assemblages was always high between years ( >
81 %). This was mainly due to the constant density of the two most abundant species, Acro-
cephalus scirpaceus (Hermann, 1804) (a wet-reed species) and Cisticola juncidis (an open-
habitat species) that did not show significant changes among years (Tab. II).

The species richness/evenness diagram support the considerations on the different con-
sequences of water stress on the two selected assemblages. Water level decrease in 2002 acted
reducing the wet-reed species richness and evenness. The low abundance of open-habitat spe-
cies induced high oscillation in evenness among years (high range in evenness values) that are
not related to water stress.

Previous studies documented relationships between bird richness or abundance and water
levels within wetland basins, in breeding and wintering periods (e.g. Cowardin et al., 1998;
Austin, 1992; Gilbert ef al., 2005; Krapu et al., 2006), but these studies focused mainly on
ducks and other waterfowl. Few data are available for other water-associated birds (e.g. Passeri-
fomes), for the whole community of breeding birds and for specific ecological assemblages.

In wetland remnants, environmental stress, such as natural (e.g. scarce rains) and anthro-
pogenic (e.g. water uptake for irrigation) water level changes, may be a threat for sensitive
populations along with the reduced size and isolation, edge effect, and other factors (competi-
tion with generalist species, anthropical disturbances). This may be particularly true for many
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Mediterranean wet fragments where, due to the excessive water catching and recent climatic
changes, the hydrologic balance is source of concern (Blondel & Aronson, 1999).

Negative effects in fluctuations of water levels on some sensitive bird species living in
such areas were widely reported. For example, water level oscillations reduced the wetland
habitat available for wet-reed species (e.g. Tachybaptus ruficollis, Anas platyrhynchos, Fulica
atra, area-sensitive species; Celada & Bogliani, 1993; McCollin, 1993; Baldi & Kisbenedek,
1998) and could promote the access to the reed-beds for the terrestrial predators, increas-
ing the impact on breeding bird reproductive success (Catchpole, 1974; Thomas et al., 1999).
Moreover, ducks and other water-obligated birds may interpret shallow water depth, drought
and exposed mud flats in breeding periods as evidence of poor or declining habitat suitability
(sensu Morrison et al., 1992) and move elsewhere to breed (Austin, 1992).

Despite the sensitivity to the edge and area effect for Acrocephalus species (Opdam et
al., 1994; Baldi & Kisbenedeck,1999; Moskat & Baldi 1999), in this study the densities of
Acrocephalus scirpaceus did not seem to be clearly affected by the reduced suitability (e.g.
water level oscillations) and, consequently, by reduced habitat size area (see also Catchpole,
1973, 1974).

Effects of water level oscillation may depend on the spatial scale. As highlighted in reviews
about landscape fragmentation (Andrén, 1994; Fahrig, 1997, 2003), wetland quality (i.e. suit-
able water level for sensitive species and assemblages) is likely the main predictor of bird
richness and abundance at local scale, whereas at landscape scale, wetland density, wetland
size class distribution, total water availability and matrix features may operate. In addition,
other factors here not considered (e.g. non water-related food availability, change in vegetation
cover, year-to-year stochasticity in resource availability or climate) can affect bird occurrence,
density and richness at local scale (i.e. at single wetland level; Austin, 2002). Therefore, addi-
tional work is needed to quantify how water stress induces changes in bird community struc-
ture at different levels (e.g. if for a seasonal gradient or for abrupt thresholds, if widely diffused
or limited) and at multiple scale.
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