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Abstract.

 

—Understanding the composition and abundance pattern of species across sites is a central question
in community ecology. However, the structure of waterbird assemblages in fragmented wetlands has been poorly
documented. We carried out twelve monthly censuses to describe the composition and abundance patterns in 42
wetland fragments and two lagoons in the coastal zone of Rio Grande do Sul, South Brazil. A total of 142,000 birds
from 66 species, 18 families and 18 orders were recorded. Most species were either resident (29) or partial migrants
(19). All migrant species (8 nearctic, 4 austral and 5 summer breeders) were recorded in small numbers and most
of them were restricted to lagoons. The lagoons had more species (60) than the wetland fragments (55), even
though the total fragment area (1,426 ha) was about twice the censed area in the lagoons (743 ha). Principal Coor-
dinate Analysis revealed strong temporal and spatial gradients of abundance and composition that were similar in
fragments and lagoons. The number of species varied among sites and showed no seasonal pattern. Abundances
were higher in the wintering period (min. of 2,500 birds in March and max. of 23,000 in July) due to the increased
abundance of Gruiformes and Anseriformes. The White-faced Whistling-duck (

 

Dendrocygna viduata

 

) and the Com-
mon Moorhen (

 

Gallinula chloropus

 

) were the most abundant and frequent species over the year, comprising togeth-
er 69% of the total. The census captured 76% and 60% of the waterbird species listed for the region and the Rio
Grande do Sul State, respectively. The study area shared more than 90% of the species with the nearby States and
76% with the Pantanal region. The beta-diversity among sites was 94% when only fragments are considered, and
38% when the lagoons are included in the calculation, showing that a great proportion of the waterbird richness at
the landscape scale is accommodated as a beta component. The local abundance and composition of waterbird as-
semblages seemed to be affected by the interplay of several factors, including the rich regional pool of species, their
wide range, the fragment area, the surrounding matrix and the presence of core refuges. A landscape perspective
is essential on building sound conservation programs for waterbird assemblages. 
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Wetlands are important conservation
sites due to the extensive food chain and rich
biodiversity they support (Getzner 2002).
However, the fast degradation of these eco-
systems produces an urgent need for eco-
logical studies to develop conservation
programs. Almost half of the world’s wet-
lands have disappeared in the last century
due to agricultural and urban development
(Shine and Klemm 1999). One of the main
hydrological characteristics of South Ameri-
ca is the existence of large wetlands (Neiff

2001). Approximately 95% of the invento-
ried wetlands in South America are in six
countries, and Brazil has half of the total wet-
land area (Naranjo 1995). However, the Bra-
zilian wetland inventory is not updated and
it is restricted to only three scientific surveys
(Maltchik 2003). South Brazil has approxi-
mately 3,441 wetlands and approximately
72% of them are smaller than 1 km

 

2

 

 (Malt-
chik 

 

et al.

 

 2003). This pattern is a conse-
quence of strong habitat fragmentation due
to agricultural expansion, especially rice
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plantations (Gomes and Magalhães Júnior
2004). Conservative data indicate that ap-
proximately 90% of the wetlands in south
Brazil have disappeared in the last century.
Understanding the structure of aquatic com-
munities in fragments and natural wetlands
is a priority for biodiversity conservation
strategies in south Brazil.

The State of Rio Grande do Sul and the
Pantanal Region contain most of Brazil’s
wetland systems and waterbird diversity
(Scott and Carbonell 1986). The Rio Grande
do Sul State has 123 species in 20 families
(Vélez 1997), corresponding to 14.8% of the
world aquatic bird species (Rose and Scott
1994). Part of this diversity is explained by
the fact that the State is part of important mi-
gratory route, including northern and south-
ern migrants (Antas 1994; Belton 1994; Sick
1983). Nevertheless, the effects of wetland
loss and fragmentation on the waterbird as-
semblages in south Brazil are unknown.

The process of habitat loss and fragmen-
tation is a major cause of loss of species and
changes in community structure (Diamond
1976). As the fragmentation proceeds, the
remnants tend to became smaller and, at the
same time, more isolated (Farina 1998;
Sharpe

 

 et al.

 

 1981; Wiens 1995). This process
affects the movement of individuals through
the landscape, and appears to select the spe-
cies better adapted to the small, isolated wet-
lands (Brown and Dinsmore 1986; Fahrig
and Merriam 1994; Fairbairn and Dinsmore
2001; Whited

 

 et al.

 

 2000), thus reducing the
local richness of species (alpha-diversity).
On the other hand, the turnover of species
among sites (beta-diversity) is expected to in-
crease in fragmented landscapes due to iso-
lation effects (Harrison 1997; Kneitel and
Chase 2004; Moreno and Halffter 2001).
The regional pool of species (gamma-diversi-
ty) is determined by alpha and beta compo-
nents (Cody 1993) affected by habitat loss
and fragmentation. Conversely, the regional
species pool is also likely to be an important
determinant of species richness in fragments
(Caley and Schluter 1997).

The understanding of species composi-
tion and abundance patterns among sites is a
central question in community ecology, but

is poorly documented for waterbirds in frag-
mented wetlands (Cox 

 

et al.

 

 2000). This is
particularly challenging because wetlands
tend naturally to occur as disjoint patches of
different sizes scattered in a matrix of upland
habitats (Whited 

 

et al.

 

 2000) and many wet-
land species need to use multiple sites to ful-
fill their need for resources (Boettcher

 

 et al.

 

1995; Gibbs 2000; Haig

 

 et al.

 

 1998). Studies
are particularly scarce on waterbirds and
South American wetlands, where fragmenta-
tion is paramount (Caziani 

 

et al.

 

 2001).
The aims of this paper are (1) to describe

and compare the spatial and temporal pat-
terns of richness, abundance and compos-
ition of waterbirds in a set of wetland
fragments and natural lagoons and (2) to
compare the species richness and assem-
blage composition with regional pools of
species at landscape and regional scales. Our
approach is an exploratory analysis to infer
the underlying agents of pattern formation
in a real landscape.

 

M

 

ETHODS

 

Study Area and Design

The study area comprised a land section of 71,300 ha
in the central portion of the coastal zone of Rio Grande
do Sul (30°56’-30°22’S, 50°58-50°22’W; Fig. 1), one of
the regions with the highest concentration of wetlands
in the state (Maltchik 

 

et al.

 

 2003). The climate is sub-
tropical, with mean annual temperature of 19°C and to-
tal annual rainfall of about 1,200 mm, evenly-distributed
over the year. Rice plantations play a central role in re-
gional economy (Gomes and Magalhães Júnior 2004).
One main land use pattern dominates: a matrix of irri-
gated rice-fields and drained meadows in a roughly four-
year rotation. Scattered in the landscape are remnants
of wetlands and native forests, natural lagoons, man-
made ponds and exotic 

 

Eucalyptus

 

 and pine plantations.
A complete low aerial photograph inventory (2000

m.a.s.l.) of the study area was made, obtaining about
250 oblique photographs at a 1:25.000 scale. A total of
212 wetland fragments were recognized and 50 were
randomly selected for the study. The largest fragment
and the two largest lagoons in the study area were added
to the sample, making 53 sampling sites. Nine frag-
ments were excluded either because they were drained
or dry during the field sampling or because the poor
quality of the aerial photographs. The final set com-
prised 44 sites. The Lagoa dos Gateados (2,000 ha) and
the Lagoa da Reserva (1,500 ha) (Fig. 1) are large natu-
ral lagoons with extensive marginal wetlands represent-
ing the best available examples of non-fragmented
wetlands and communities, used as reference sites. The
lagoons and larger fragments are intensively used as
water reservoirs for rice plantations and as sites for rec-
reational or illegal fishing and hunting. Both large and
small fragments are used as cattle’s drinking sites.
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The area of the fragments was measured from aerial
vertical photographs. The photographs were scanned
with a resolution of 500 dpi, converted to RBG in the soft-
ware Corel Draw 8® and exported to the SIG IDRISI 3.2.

Bird Census

Twelve monthly censuses were carried during 2003,
each time changing the order of the site visits. The
counts extended over the daylight period. We counted
the whole area of the fragments and a section of the la-
goons—395 ha of the Lagoa da Reserva and 345 ha of
the Lagoa dos Gateados. At each site all birds were
counted, so that the time effort was proportional to the
size of the wetland. Large flocks were estimated in 10

 

×

 

or 100

 

×

 

, flushing the birds with rockets if necessary to
count them in the air. Passerines and some secretive Ral-
lidae were not considered because the counting meth-
od was not suitable.

The occurrence status of the species in Rio Grande
do Sul was determined according to Bencke (2001) and
Stotz

 

 et al.

 

 (1996) (see Appendix I). All species found
were listed for inland freshwater wetlands in the coastal
region of Rio Grande do Sul by Belton (1994).

Data Analysis

Species accumulation curves were built to assess if
the 12-month sampling was sufficient to capture the true

number of species of the set of fragments and lagoons.
For each site the Chao 1 index was employed to estimate
the expected species richness. The Chao 1 is considered
a robust procedure for richness estimation (Colwell and
Coddington 1995; Walther and Martin 2001). The ob-
served and estimated species richness for each site was
obtained pooling the data of the twelve counts. The pa-
rameters and their standard deviations were calculated
in the software ESTIMATES 5.0 (Colwell 1997).

Three Principal Coordinate Analyses—PCoA (Leg-
endre and Legendre 1998) were carried out to describe
spatial and temporal gradients of composition and
abundance. Euclidian distances were computed be-
tween sampling sites, pooling the data of the twelve cen-
suses on each fragment (spatial gradient in the
fragments) and of the 42 fragments and the two lagoons
in each census (temporal gradient in the fragments and
in the lagoons). The counts where log-transformed.
The PCoA generates an ordination based on a matrix of
similarities between sampling sites, and includes an im-
plicit transformation by centralization (Legendre and
Legendre 1998). Only bird species appearing in at least
three sample units were included in each analysis. The
first axis of the spatial ordination was regressed against
the area of the fragments. Ordinations were carried out
in the software MULTIV 2.0 (Pillar 2000) and regres-
sions in SPSS 12 (SPSS, Inc. 2003).

The species list for the studied area was compared
with lists for the central coastal zone of Rio Grande do

Figure 1. Study area (dashed) in the coastal zone of Rio Grande do Sul, South Brazil. Two natural lagoons—(a) La-
goa da Reserva and (b) Lagoa dos Gateados—and 42 wetland fragments were censed monthly over one year. RS—
Rio Grande do Sul; SC—Santa Catarina; PR—Paraná; UY—Uruguay.
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Sul (the potential pool for the area), the nearby states
in Brazil (Bencke 2001; Rosário 1996; Scherer-Neto
1980; Scherer-Neto and Straube 2001), the country (Co-
mitê Brasileiro de Registros Ornitológicos 2004), the
nearby countries (Azpiroz 2001; Narosky and Yzurieta
1989), the Brazilian Pantanal Region (Tubelis and To-
mas 1999), Central Brazil and the Taim Ecological Sta-
tion (Mähler 

 

et al.

 

 1996) in the southern coastal zone of
Rio Grande do Sul (the largest protected freshwater
wetlands area in the region—32,000 ha). Marine species
and secretive rallids were not considered in these analy-
ses. The species richness was partitioned in the three
components: alpha-diversity (local species richness),
beta-diversity (the turnover of species) and gamma-
diversity (regional pool of species). The partitioning
was calculated as 

 

γ

 

 =  

 

α

 

 +  

 

β

 

 where 

 

α

 

 is the pooled num-
ber species of all sites (the landscape scale) or regions
and 

 

β

 

 is the difference 

 

α

 

 = 

 

γ

 

 - 

 

β

 

. The parameter was cal-
culated as 

 

β

 

 =  

 

Σ

 

q

 

j

 

 

 

(S

 

T

 

 – S

 

j

 

) where q

 

j

 

 is the proportional
area of the site 

 

j

 

; S

 

T

 

 is equal to 

 

γ

 

; and S

 

j

 

 is the number of
species of the site 

 

j

 

 (Crist et al. 2003; Lande 1996).
Therefore, three scales were considered: local scale
(sites), landscape scale (study area), and regional scale
(regions). The Lande’s index weights the relative im-
portance of each local assemblage on the regional as-
semblage, in our case the effect of the area of each
fragment, lagoon or region.

 

R

 

ESULTS

 

The fragments differed in area by several
orders of magnitude (Table 1) and most of
them were small—50% were less than 10 ha,
90% smaller than 30 ha and only one was
over 100 ha.

We recorded 142,000 birds belonging to
66 species, 18 families and 8 orders (Table
1). A total of 59% of the birds were found in
the fragments. The families with the highest
number of species and individuals were
Ardeidae (9 spp.; 2,940 ind.), Anatidae (15
spp.; 73,000 ind.), Rallidae (8 spp.; 42,500
ind.) and Scolopacidae (7 spp.; 256 ind.)
(Appendix I). There were eight nearctic and

four austral species, all in low numbers and
seven were found only in the lagoons. Seven
species were recorded for the first time in
the peninsula region: Least Grebe (

 

Tachy-
baptus dominicus

 

), Rufescent Tiger Heron
(

 

Tigrisoma lineatum

 

), Comb Duck (

 

Sarkidior-
nis melanotos

 

), Lake Duck (

 

Oxyura vittata

 

),
Masked Duck (

 

Nomonyx dominicus

 

), Giant
Wood-Rail (

 

Aramides ypecaha

 

) and the Purple
Gallinule (

 

Porphyrula martinica

 

). The Lake
Duck is considered a austral winter migrant
in Rio Grande do Sul (Belton 1994; Bencke
2001), but the only record of the species was
made in summer (December).

The White-faced Whistling-duck (

 

Dendro-
cygna viduata

 

) and the Common Moorhen
(

 

Gallinula chloropus

 

) were the most abundant
and frequent species all over the year, both
in lagoons and fragments, corresponding to-
gether for 69% of the birds observed. Other
frequent and abundant species were the
White-faced Ibis (

 

Plegadis chihi

 

), Wattled Ja-
cana (

 

Jacana jacana

 

), Brazilian Teal (

 

Ama-
zonetta brasiliensis

 

), Great Egret (

 

Ardea alba

 

),
Southern Screamer (

 

Chauna torquata

 

) and
Whispering Ibis (

 

Phimosus infuscatus

 

). Sever-
al species showed a pattern of high abun-
dance but low frequency of occurrence
(White-winged Coot—

 

Fulica leucoptera

 

, Ful-
vous Whistling Duck—

 

Dendrocygna bicolor

 

,
Rosy-billed Pochard—

 

Netta peposaca

 

, Masked
Duck, Greater Yellowlegs—

 

Tringa melano-
leuca

 

, Brown-hooded Gull—

 

Larus maculipen-
nis

 

 and Wood Stork—

 

Mycteria americana

 

).
Few species tended to be widespread but not
abundant, such as the Cocoi Heron (

 

Ardea
cocoi

 

), Snowy Egret (

 

Egretta thula

 

), Limpkin
(

 

Aramus guarauna

 

), Maguari Stork (

 

Ciconia

 

Table 1. Summary of the spatial and temporal patterns of species richness and abundance of waterbirds in 42 wet-
land fragments and two lagoons in the coastal zone of Rio Grande do Sul, Brazil.

 

Total Min Max Median Mean Chao 1

Area of fragments 1,426.0  0.1 145.2 8.8 16.3
Area counted in the lagoons  743.0  348.0  395.0
Richness in the fragments 55.0  3.0  40.0 16.5  18.6 55.1 ± 0.4
Richness in the lagoons 60.0  51.0  56.0 53.5  53.5 68.0 ± 11.7
Total richness for the year 66.0  34.0  49.0 39.5  40.2 66.7 ± 1.3
Abundance in the fragments 84,286.0  15.0 19,322.0  428.0 2,006.0
Abundance in the lagoons 57,669.0 10,311.0 47,358.0
Total abundance during the year 141,955.0  77.0 47,415.0 513.0
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maguari), South American Snipe (Gallinago
paraguaiae), Snail Kite (Rostrhamus sociabilis)
and Long-winged Harrier (Circus buffoni).

Eleven species were found only in the la-
goons and six only in the fragments, all with
low abundance and frequency (Appendix I).
Fourteen species were found only in lagoons
or fragments greater than 300ha: the Least
Grebe, Anhinga (Anhinga anhinga), Pinnat-
ed Bittern (Botaurus pinnatus), Rufescent
Tiger Heron, Kelp Gull (Larus dominicanus),
Masked Duck, Black-headed Duck (Hetero-
netta atricapilla), Coscoroba Swan (Coscoroba
coscoroba), Black-necked Swan (Cygnus mela-
nocoryphus), Black Skimmer (Rhynchops ni-
ger), Baird’s Sandpiper (Calidris bairdii),
Black-bellied Plover (Pluvialis squatarola),
Solitary Sandpiper (Tringa solitaria) and the
Ringed Kingfisher (Chloroceryle amazona).

The observed and estimated richness of
the Chao1 index were about the same for the
fragments and for the total census, but the es-
timated richness was higher than the ob-
served richness for the lagoons (Table 1).
More species were registered in the lagoons
(60) than in the 42 fragments (55), even
though the total area of the fragments was
about twice the area of the lagoons studied.
At each lagoon approximately the same num-
ber of species was found (56 in the Lagoa da
Reserva and 51 in the Lagoa dos Gateados).

The number of species observed in the
twelve censuses tended to reach an asymp-
tote, suggesting that the effort employed was
enough to record the true number of species
in the study area (Fig. 2). The majority of spe-
cies was recorded in the first census—64% in
the fragments and 55% in the lagoons. The
accumulation of species stabilized slower in
the lagoons than in the fragments.

Ordinations of the twelve censuses car-
ried out separately for lagoons and fragments
showed a similar pattern of abundance and
composition through the year (Fig. 4). The
first and the second axes explained respec-
tively 46% and 15% of the variance in the
fragments and 45% and 14.9% in the la-
goons. Abundances were higher in the win-
tering period due to the increased
abundance of Gruiformes and Anseriformes.
The concentration of wintering waterfowls

was more pronounced in the fragments, but
that of Galliformes was greater in the la-
goons, particularly in the Lagoa da Reserva.
The first axis separated summer and winter
counts, while the second axis separated
spring and autumn counts. The abundance
of many species increased in winter (Neotro-
pic Cormorant  (Phalacrocorax brasilianus),
Brazilian Teal, Common Moorhen, White-
winged Coot, Coscoroba Swan, South Ameri-
can Snipe, Brown-hooded Gull, Silver Teal
(Anas versicolor), the Pied-billed Grebe (Podi-
lymbus podiceps), Rosy-billed Pochard, Spot-
flanked Gallinule (Gallinula melanops) and
White-tufted Grebe (Rollandia rolland), some
were commoner in summer (Snowy Egret,
Wood Stork, Collared Plover (Charadrius col-
laris), Striated Heron (Butorides striatus) and
the Black Skimmer), several species were
commoner in spring (Roseate Spoonbill
(Platalea ajaja), Southern Screamer, Blackish
Rail  (Pardirallus nigricans), Rufescent Tiger
Heron, Greater Yellowlegs, Pectoral Sandpip-
er (Calidris melanotos), Black-bellied Plover
(Pluvialis squatarola), and two species were
more common in autumn (Plumbeous Rail,
Pardirallus sanguinolentus and Kelp Gull).

There was a strong gradient of abundance
and composition across the sites, with all spe-
cies associated with a single subset of large,
species rich lagoons and fragments. The first
two axis of the ordination of the 44 wetlands
explained cumulatively 72% of the variation
between sites. The lagoons were clearly sepa-

Figure 2. Smoothed species accumulation curves of
waterbird assemblages of 42 wetland fragments and two
lagoons in the coastal zone of Rio Grande do Sul, Brazil.
Vertical bars show the standard deviation. Sample units
are 12 monthly censuses.
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rated from the fragments (Fig. 3). When only
the fragments were ordered (graph not
shown), the first and second axis explained
respectively 56% and 8% of the variation. In
both cases, most of the species correlated
with the first axis, all of them negatively. The
species with low correlations (r < 0.30) were
the uncommon ones, such as the Blackish
Rail, Ringed Kingfisher and Little Blue Her-
on (Egretta caerulea). Thirty out of 50 species
showed correlations greater than 0.70. The
first axis was negatively related to the frag-
ment areas (R2 = 0.46; F1, 42 = 33.6; P < 0.001).

The species richness at the landscape
scale was high when compared to regional
pools (Table 2). The census captured respec-
tively 76% and 60% of the species listed for
the central coastal zone and for the State of
the Rio Grande do Sul. The study area also
shares more than 90% of the species with the
nearby States and 76% with the Pantanal re-
gion. The beta-diversity among sites was 94%
(52 species) when only fragments are consid-
ered, and 38% (25 species) when the la-
goons are included in the calculation. The
regional beta-diversity was 38% (66 species).

DISCUSSION

The study was carried out in a single annu-
al cycle, what could raise questions about the
generality of the patterns found. The patterns
are strong and consistent with other studies in
Rio Grande do Sul, which also did not find a
seasonal richness pattern (Accordi 2003;
Vélez 1997). Moreover, the observed richness

is above the 80% threshold for comparative
analyses (Colwell and Coddington 1995).

We found that large natural lagoons and
sets of fragments have waterbird assemblages
with similar seasonal patterns of species com-
position and abundance. The seasonal pat-
tern corroborates the expected fluctuations
due to movement and migration. The turn-
over between winter and summer migrants
results in small seasonal variations in the
number of species. Huge wintering aggrega-
tions are commonplace in waterbird com-
munities in temperate regions (Kershaw and
Cranswick 2003; Leopold 1949; Robertson
and Cooke 1999). March, the month with
the lowest abundance, was also the peak of
the rice harvest in the region, suggesting a
possible shift of habitat related to food avail-
ability. Several studies have shown that water-
birds occupy rice fields in a predictable
pattern, related to the rice lifecycle (Colwell
and Taft 2000; Czech and Parsons 2002; Day
and Colwell 1998; Erwin 2002).

Our data showed that none of the water-
bird species favored the small, isolated wet-
lands, as found in forest and grassland studies
(Bellamy et al. 1996; Harrison 1997; Tscharnt-
ke et al. 2002). In our study, all species corre-
lated negatively with the first axis of the
ordination, indicating that all respond to the
fragmentation gradient in the same way. In
small forest fragments, the edge effects favor
some species, which is not the case in wet-
lands (Milsom et al. 2000; Pasitschniak-Arts

Figure 3. Ordination of 44 wetlands (diamonds) in the
coastal zone of Rio Grande do Sul, South Brazil. Vari-
ables are the composition and abundance (log-trans-
formed) of 43 waterbird species (crosses). a: Lagoa da
Reserva; b: Lagoa dos Gateados.

Figure 4. Ordination of 12 monthly censuses (dia-
monds) of waterbirds in 42 wetland fragments (continu-
ous line) and two lagoons (dashed line) in the coastal
zone of Rio Grande do Sul, Brazil. Variables are the
composition and abundance (log-transformed) of 45
and 42 species, respectively. The arrows indicate the
months along seasonal cycle.
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et al. 1998). Area has been shown to be an im-
portant factor related to the gradient of spe-
cies composition and abundance, as found in
several other waterbird studies (Brown and
Dinsmore 1986; Celada and Bogliani 1993;
Paracuellos and Telleria 2004; Riffell et al.
2001). Several factors other than area have
been associated with the abundance and rich-
ness of waterbirds, such as physicochemical
conditions, food resources, vegetation cover
and interspersion, and habitat and landscape
configuration (Amezaga et al. 2002; Caziani et
al. 2001; Elmberg et al. 1994; Fairbairn and
Dinsmore 2001; Stickney et al. 2002). All these
factors are probably implicated in the gradi-
ent found and deserve further attention.

The set of fragments had a waterbird as-
semblage similar to that found in the natural
lagoons, but lacking a small number of un-
common species. The species absent in the
fragments are either large-bodied (as the
Anatidae), migratory (as the Charadriiformes)
or naturally rare over their whole range (as
the Ardeidae, Rallidae and the genus Oxyura)
(Blake 1977). These traits have been associat-
ed with vulnerability to extinction (Bennett
and Owens 1997). The small, isolated frag-
ments may not provide adequate habitat for
those species. However, it is possible that the
absence of those uncommon species is simply
a random placement effect (Coleman et al.
1982; Connor and Mccoy 1979).

The study supports the idea that the rich-
ness and composition of waterbird species
were strongly affected by fragmentation at
the local (fragment) scale, but not at the
landscape scale (the whole study area),
where a greater portion of the species diver-
sity is accommodated as a beta component.
Partitioning the diversity in alpha and beta
components demonstrated that a greater
proportion of waterbird richness is unique to
each site than found in studies with plants
and insects (Crist et al. 2003; Gering et al.
2003; Summerville et al. 2003). The turnover
of species was high (94%) among the frag-
ments, but considerably lower when the la-
goons were included in the analysis (38%).
At the landscape scale, the species pool was
still rich when compared to nearby regions
or long-run inventories (Belton 1994). These
findings suggest that the lagoons may be
acting as core-areas (Hanski 1982) for the
waterbirds, which use the fragments to com-
plement or supplement their need for re-
sources (Taylor et al. 1993). The rich regional
pool of species could also be important in
maintaining the landscape richness, through
large scale movements across regions that
share most of the species. Even though the
importance of beta-diversity studies in re-
gional conservation planning (Crist et al.
2003; Lande 1996; Veech et al. 2002), there
are no empirical studies on the way regional

Table 2. Number of waterbird species in 44 wetlands in the Coastal Plain of Rio Grande do Sul and nearby regions.1, 2

Region Land area3 (km2) Richness4 No. shared species5

Study area 1.4 66 —
Taim Biological Station 3.2 77 58
RS—Peninsula 4,676.6 87 66
Rio Grande do Sul 281,749.0 111 66
Santa Catarina 95,346.0 100 61
Paraná 199,315.0 116 66
Pantanal 138,183.0 81 50
Brazil 8,547,403.0 142 66
Argentina 2,780,400.0 157 65
Uruguay 406,752.0 104 63

1Marine species and secretive rallids were excluded from comparisons.
2See Methods for the list of references used.
3In the case of the study area, the land area is the total mapped satellite window. The sampling in the set of 44 wet-

lands, totaling 1,426 ha, is considered representative for the whole land area according to the accumulation of species.
4Total number of species. Equivalent to gamma or regional diversity in all cases expect for the Taim Biological

Station.
5Number of species shared with the study area.
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richness affects the number of species re-
tained by fragments (Telleria et al. 2003).

The richness, abundance and composi-
tion of waterbird assemblages in fragmented
landscapes seem to be affected by the inter-
play of several factors, including the regional
pool of species (Gering et al. 2003; Telleria
et al. 2003), their particular abundance and
range patterns (Murray et al. 1999), the site
and landscape structures, specially the area
(Brown and Dinsmore 1986; Fairbairn and
Dinsmore 2001), the presence of core refug-
es (Guillemain et al. 2002), and the influence
of the surrounding matrix (Czech and Par-
sons 2002). Therefore, we suggest that a
landscape perspective is essential for build-
ing sound conservation programs for water-
bird assemblages (Caziani et al. 2001; Cox
et al. 2000; Erwin 2002; Noss 1996).
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Appendix I. Waterbird assemblage of 44 wetlands in the coastal zone of Rio Grande do Sul, South Brazil.

Family/Species Common name

Fragments Lagoons

Status3Frequency1 Abundance2 Frequency1 Abundance2

Podicipedidae 20 RE
Podiceps major Great Grebe 6 7 2 2 RE
Tachybaptus dominicus Least Grebe 0 0 1 80 NP
Podilymbus podiceps Pied-billed Grebe 21 53 2 41 AP
Rollandia rolland White-tufted Grebe 4 39 2

Phalacrocoracidae 800 AP

Phalacrocorax brasilianus Neotropic Cormorant 19 264 2

Anhingidae 4 NP

Anhinga anhinga Anhinga 0 0 2

Ardeidae 7 RE

Syrigma sibilatrix Whistling Heron 20 41 2 1 SM
Botaurus pinnatus Pinnated Bittern 2 2 1 28 SM
Butorides striatus Striated Heron 12 24 2 0 RE
Trigrisoma lineatum Rufescent Tiger Heron 1 2 0 139 AP
Nycticorax nycticorax Black-crowned Night Heron 28 591 2 430 RE
Ardea alba Great Egret 38 739 2 298 RE
Ardea cocoi Cocoi Heron 29 200 2 181 RE
Egretta thula Snowy Egret 33 253 2 1 VG
Egretta caerulea Little Blue Heron 2 4 1

Ciconiidae 132 SM

Mycteria Americana Wood Stork 19 564 2 90 SM
Ciconia maguari Maguari Stork 29 172 2

Threskiornithidae 876 RE

Phimosus infuscatus Whispering Ibis 36 413 2 5253 RE
Plegadis chihi White-faced Ibis 35 2647 2 64 RE
Theristicus caerulensces Plumbeous Ibis 9 35 2 154 RE
Platalea ajaja Roseate Spoonbill 15 447 2

Anhimidae 1221 RE

Chauna torquata Southern Screamer 21 1202 2

Anatidae 8422 AP

Dendrocygna viduata White-faced Whistling Duck 34 51965 2 2068 NP
Dendrocygna bicolor Fulvous Whistling Duck 13 2358 2 1054 RE
Amazonetta brasiliensis Brazilian Teal 41 3754 2 103 AP
Anas flavirostris Speckled Teal 17 241 2 29 AP
Anas georgica Yellow-billed Pintail 1 4 2 240 AP
Anas versicolor Silver Teal 18 157 2 3 AM
Anas platalea Red Shoveler 0 0 1 712 AP
Netta peposaca Rosy-billed Pochard 4 1368 2 14 AM
Heteronetta atricapilla Black-headed Duck 0 0 1 13 AM
Callonetta leucophrys Ringed Teal 6 19 2 277 AP
Coscoroba coscoroba Coscoroba Swan 1 43 2 66 AP
Cygnus melanocoryphus Black-necked Swan 0 0 2 0 RE
Sarkidiornis melanotos Comb Duck 2 3 0 0 RE
Nomonyx dominicus Masked Duck 2 91 0 20 RE
Oxyura vittata Lake Duck 0 0 1 1 AM

1Number of sites where a species was recorded.
2Total sums of counts over the twelve censuses.
3Status of occurrence in Rio Grande do Sul according to Belton (1994) and Bencke (2001). RE—resident; SM—

summer migrant, nidifying in RS; VG—vagrant in RS; AM—austral migrant; NM—nearctic migrant; NP—resident,
nearctic partial migrant; AP—resident, austral partial migrant.
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Accipitridae
Rostrhamus sociabilis Snail Kite 13 93 2 70 AP
Circus buffoni Long-winged Harrier 15 55 2 22 RE

Aramidae
Aramus guarauna Limpkin 25 164 2 236 RE

Rallidae
Pardirallus sanguinolentus Plumbeous Rail 9 21 1 3 RE
Pardirallus nigricans Blackish Rail 3 7 0 0 RE
Aramides ypecaha Giant Wood-Rail 12 27 2 29 RE
Aramides saracura Slaty-breasted Wood-Rail 0 0 1 3 RE
Gallinula melanops Spot-flanked Gallinule 13 41 2 29 RE
Gallinula chloropus Common Moorhen 31 10737 2 26227 AP
Porphyrio martinica Purple Gallinule 1 1 0 0 SM
Fulica leucoptera Red-gartered Coot 11 674 2 4670 AP

Rynchopidae
Rhynchops niger Black Skimmer 3 4 2 10 AP

Jacanidae
Jacana jacana Wattled Jacana 38 3806 2 2509 RE

Recurvirostridae
Himantopus himantopus Black-winged Stilt 21 307 2 297 RE

Charadriidae
Charadrius collaris Collared Plover 4 57 1 17 RE
Pluvialis dominica American Golden-Plover 7 62 2 28 NM
Pluvialis squatarola Black-bellied Plover 0 0 2 10 NM

Scolopacidae
Tringa melanoleuca Greater Yellowlegs 4 54 2 70 NM
Tringa flavipes Lesser Yellowlegs 1 14 2 7 NM
Tringa solitaria Solitary Sandpiper 0 0 1 3 NM
Gallinago paraguaiae South American Snipe 21 56 2 22 AP
Calidris melanotos Pectoral Sandpiper 1 9 2 9 NM
Calidris canutus Red Knot 0 0 2 8 NM
Calidris bairdii Baird’s Sandpiper 0 0 1 4 NM

Laridae
Larus maculipennis Brown-hooded Gull 14 354 2 478 AP
Larus dominicanus Kelp Gull 1 2 2 23 RE
Sterna superciliaris Yellow-billed Tern 12 35 2 60 RE

Alcedinidae
Ceryle torquata Ringed Kingfisher 3 3 0 0 RE
Chloroceryle amazona Amazon Kingfisher 1 1 1 1 RE

Appendix I. (Continued) Waterbird assemblage of 44 wetlands in the coastal zone of Rio Grande do Sul, South Brazil.

Family/Species Common name

Fragments Lagoons

Status3Frequency1 Abundance2 Frequency1 Abundance2

1Number of sites where a species was recorded.
2Total sums of counts over the twelve censuses.
3Status of occurrence in Rio Grande do Sul according to Belton (1994) and Bencke (2001). RE—resident; SM—

summer migrant, nidifying in RS; VG—vagrant in RS; AM—austral migrant; NM—nearctic migrant; NP—resident,
nearctic partial migrant; AP—resident, austral partial migrant.
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