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Abstract: The “Uruguayan Savannas” and the “Alto Parana Atlantic forests” are two dominant
ecoregions in the central portion of Rio Grande do Sul state, southern Brazil. However, large areas of
these habitats are threatened by anthropogenic activities and require urgent conservation efforts. In
order to access the status of bird assemblages in this region, we conducted surveys on three farms
located in the central region of Rio Grande do Sul state, Brazil. We aimed to analyze the variation in
functional structure (trophic guilds and foraging strata) and species composition within these farms.
After 432 hours of transect surveys, we recorded 219 species across the three locations. This finding
indicates that these farms host ~31% of the regional bird species pool. Bird community diversity
differed among the three farms. Two of the recorded species are threatened with extinction
(Hydropsalis anomala (Gould, 1838) and Dromococcyx pavoninus (Pelzeln, 1870), 24 endemics to the
Atlantic Forest, and 40 subject to illegal trading. Our data provide evidence that agricultural land
holdings can serve as important refuges for birds in this region. Additionally, even areas dominated by
forestry activity can maintain relevant biodiversity when associated with conservation practices.
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ASSEMBLEIAS DE AVES EM TRES REMANESCENTES DE HABITAT NATIVO NA REGIAO CENTRAL DO
ESTADO DO R10 GRANDE DO SuL, BRASIL

Resumo: Os “Campos Sulinos” e as “Florestas Atlanticas do Alto Parand” sdo duas ecorregides
dominantes na porgao central do estado do Rio Grande do Sul, sul do Brasil. No entanto, grandes
areas desses habitats estdo ameacadas por atividades antropogénicas e exigem esforgos urgentes de
conservagao. Para avaliar o estado das assembleias de aves nesta regido, realizamos levantamentos
em trés fazendas localizadas na regido central do estado do Rio Grande do Sul, Brasil. Nosso objetivo
foi analisar a variacdo na estrutura funcional (quildas tréficas e estratos de forrageio) e na
composicdo de espécies nessas fazendas. Apds 432 horas de levantamentos de transectos,
registramos 219 espécies nos trés locais. Esse resultado indica que essas fazendas abrigam cerca de
31% do pool de espécies de aves da regido. A diversidade da comunidade de aves diferiu entre as
trés fazendas. Duas das espécies registradas estdo ameacadas de extingdo (Hydropsalis anomala
Gould, 1838 e Dromococcyx pavoninus Pelzeln, 1870), sendo 24 endémicas da Mata Atléntica e 40
sujeitas ao comércio ilegal. Nossos dados fornecem evidéncias de que as areas agricolas podem
servir como refligios importantes para aves nesta regido. Além disso, mesmo areas dominadas pela
atividade florestal podem manter uma biodiversidade relevante quando associadas a praticas de
conservacao.

Palavras-chave: levantamento de aves, ecotonos, hotspot.
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INTRODUCTION

The “Uruguayan Savannas” and the “Al-
to Parana Atlantic forests” are two dominant ha-
bitats in central Rio Grande do Sul state,
southern Brazil (Borsato et al.,, 2015). These
ecoregions have high biological relevance as
they contain a significant proportion of areas
threatened by anthropogenic activities and in
urgent need of conservation (Cordeiro & Hase-
nack, 2009). The open habitats of “Uruguayan
Savannas” occupy about 63% of their original
extent in the state, but the remaining areas are
degraded, with only 36% under some form of
conservation designation (Ribeiro et al., 2021).
Despite intense anthropogenic activity, these
natural grasslands and savannas are the best-
conserved habitats in Rio Grande do Sul, since
the Alto Parana Atlantic forests occupy less than
17% of their original extent in the state (Borsa-
to et al., 2015).

In the boundaries between Uruguayan
Savannas and Alto Parand Atlantic forests, there
are several habitat types, such as Dense and
Mixed Ombrophilous forests, Deciduous and Se-
mideciduous Seasonal Forests, Savanna and
Steppe fields (Leite & Klein, 1990). Habitat di-
versity is greater in ecotone areas, which is di-
rectly reflected in faunal diversity. This contact
between habitats supports greater species rich-
ness and abundance, thus, these locations may
sustain assemblages that would otherwise be
restricted to separate ecosystems (Baker et al.,
2002; Kark et al., 2007). In addition, transition
habitats can act as centers of evolutionary inno-
vation (Moritz et al., 2000), particularly for birds
(Kark et al., 2007), and may contain a greater
number of endemic species than areas of uni-
form habitat (Kark & Van Resenburg, 2006).

Spatial and temporal distribution of birds
is a crucial tool for the management and con-
servation of species in ecotones, especially in
severely degraded areas. Birds are sensitive to
fragmentation and diversity often decline in res-
ponse to the disturbance of natural habitats
(Watson et al., 2005). Since sensitivity varies
among taxa, and birds respond promptly to en-
vironmental changes, bird assemblage dyna-
mics can act as a bioindicator of habitat quality
(Padoa-Schioppa et al., 2006). Faunal inventori-
es provide critical knowledge about the compo-
sition of biological communities, providing the
basis for management actions (Santos, 2003).
Establishing a network of interconnected natural
habitat patches is essential for the conservation
of avian diversity, as protected areas provide
important resources (i.e. nesting areas, food,
refugia) to the maintenance of endemic and th-
reatened taxa in otherwise modified landscapes
(Bruner et al., 2001).

Here we characterized the composition
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and functional structure of bird assemblages in
three locations in ecotone areas between the
“Uruguayan Savannas” and the “Alto Parana
Atlantic forests” in the central region of Rio
Grande do Sul state, Southern Brazil. We des-
cribed the functional structure in terms of fee-
ding gquilds and habitat stratification, and
assessed the presence of threatened, endemic
and species subjected to illegal trade. These
findings may indicate the biological relevance of
these areas for bird conservation.

MATERIAL AND METHODS

STUDY AREA

The study was conducted in three forestry
farms (Fig. 1) located in the central region of
Rio Grande do Sul, which has a humid subtropi-
cal climate (Cfa, according to Kdppen) in regi-
ons with altitudes below 600 m (Kuinchtner &
Buriol, 2001). The average temperature varies
between -3° C and 18° C for cold months and
above 22 ° C in the hottest months. The annual
rainfall is distributed around 1400 mm (Maluf,
2000). The farms are situated in eucalyptus sil-
viculture areas, where native vegetation rem-
nants are preserved as required by
governmental policies.

The “Sede” farm (29°48'44.08 "S,
51°50'34.74" W), located in the municipality of
Taquari, contains substantial industrial infras-
tructure (total area of 203 ha, with 33 ha of
conservation). In this farm, the conservation
areas have dense riparian forests bordering the
Taquari River. These riparian forests have dense
understory, composed by vines, bushes and na-
tive bamboo thickets. This farm is located inside
the urban perimeter of the municipality, and is
crossed by trails used by illegal fishermen, hun-
ters and loggers.

The “Mundo Novo 1” farm (29° 38'59.09
"S, 51°53'34.31" W), located in the municipality
of Bom Retiro de Sul, has 464 ha, with 114 ha
destined for conservation areas, including
around 20 ha of flooded fields formed by dam-
ming local streams. This location is different
from the others, as it has a sharp topographic
gradient, which varies around 100 m in elevati-
on. In the lowlands, the flooded fields create an
extensive swampy physiognomy. In the high-
lands, predominates the eucalyptus sylviculture
along with semideciduous and riparian forests
which follow the course of the riverbeds.

Finally, the “Menezes” farm, located in the
municipality of Butid (30 ° 13'39.85 "S 51 °
57'40.50" W), covers 1581 ha, of which 342 ha
are reserved for conservation. In this farm, we
found dense riparian and semideciduous forests
that follows the rivers and streams in the regi-
on. The forests have a dense understory, com-
posed mainly by vines and bamboo thickets. In
the southern portion, we observed patches of
mixed ombrophylous forests, also called Arau-
caria forests.
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Fig. 1. Location of the three sampled areas in the central region of the Rio Grande do Sul state (BRS
- Bom Retiro do Sul; TAQ - Taquari; BUT - Butid). We highlighted the limits of each area (blue lines)

and the line transects (yellow lines).

In the three farms, the areas of native fo-
rest are restricted to secondary forests at an in-
termediate succession stage. Despite the
distance between the three municipalities, they
are in the transition zone between the “Uru-
guayan Savannas” and the “Alto Parana Atlantic
forests” (Borsato et al., 2015).

AVIAN SURVEYS

We surveyed the bird assemblages using
line transects (Bibby et al., 2000) in four discre-
te sampling campaigns: July/2017 (C1), Octo-
ber/2017 (C2), February/2018 (C3) and June/
2018 (C4). During each campaign at each farm,
we conducted a total of six transects. Each tran-
sect was surveyed twice in a single day, for th-
ree hours each during dawn (5:00-9:00h AM)
and dusk (4:00-8:00h PM). Thus, we carried out
144h of surveys per farm (3 hours x 2 periods x
6 transects x 4 campaigns), totaling 432h of to-
tal sampling effort. The transects routes were
marked with GPS, and each transect was 1.54 +
0.23km (mean % sd) in length. During each
survey, one observer with 10x30 binoculars
walked a pre-established route, recording all
bird seen and/or heard. When possible, we also
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collected photographic and sound records (using
a camera with telephoto lens and a digital re-
corder with a directional microphone). In each
sampling campaign, we followed different tran-
sects, to avoid repeat sampling the same locati-
ons. To obtain a more comprehensive survey,
we also recorded additional species detected
outside the standardized sampling. These addi-
tional records were not included in the quantita-
tive analyzes of abundance and richness
parameters.

Taxonomic ordering and nomenclature of
birds follows Pacheco et al. (2021). To characte-
rize the habitat usage and the feeding guild of
each species, we used information in Wilman et
al. (2014). For feeding guilds, we pooled speci-
es according to the percentage of use of a given
food item, classifying them as: Insectivores
(INV), Vertivores (VER), generalist predators
(vertebrates and invertebrates - PRE), Piscivo-
res (PIS), Frugivores (fruits, pseudofruits and
infrutescences - FRU), Granivores (seeds, grains
and spores - GRA), Nectarivores (nectar, pollen,
gums and other exudates - NEC), Scavengers
(scavenge, garbage, carrion, and trawlers -
SCA), Herbivores (other plant parts in addition



to those mentioned above - HER) and Omnivo-
res (food items of animal and plant origin in the
same proportion - OMN). Habitat use is based
on the percentage of use of a given environ-
ment for each species, categorizing strata in the
following categories: aquatic (AQU), ground
(GRO), understory (UND), midstory (MID), ca-
nopy (CAN), mixed strata (MIX), aerial (AER)
and pelagic (PEL).

The endemic status of species was based
on Bencke et al. (2006) for Atlantic Forest spe-
cies. Species’ conservation status was based on
the International Union for Conservation of Na-
ture's Endangered Red List (IUCN, 2021), the
Brazilian Endangered Species List (ICMBio,
2018) and the Red Book List of endangered fau-
na in Rio Grande do Sul (Rio Grande do Sul,
2014). We also identified species susceptible to
exploitation, based on the Guide to Trafficked
Birds in Brazil (Costa & Monteiro, 2016). For
this characterization, we included additional de-
tections from outside the formal surveys, as
they provide a broader view of the bird assem-
blage. The dataset is available in a public repo-
sitory (Sementili-Cardoso et al., 2023).

DIVERSITY ASSESSMENT

To analyze diversity patterns, we used in-
dividual-based rarefaction curves (Colwell et al.,
2012), using the Hill number q = 0, which cor-
responds to species richness (Chao et al,,
2014). We corrected for the effects of different
abundances among the three locations by ex-

trapolating the curves of the farms with the
lowest number of detections (Colwell et al,,
2012; Chao & Jost, 2012). We calculated 95%
confidence intervals using a 200-replication bo-
otstrap (Chao et al., 2013), which allowed us to
assess whether there is a significant difference
among the three diversity profiles. The rarefac-
tion and extrapolation were used using the onli-
ne software iNext (Chao et al., 2016).

We also assessed diversity and similarity
using a traditional approach with Shannon and
Gini-Simpson index. The first measures the un-
certainty about the identity of species in each
sample, while the latter measures the probabi-
lity that two individuals, drawn randomly from
the sample, will be of different species (Roswell
et al., 2021). We also assessed similarity
between the sampled sites using Sgrensen in-
dex, as it allows to determine the amount of
species that overlaps between the multiple
communities (Socolar et al., 2016). The diver-
sity and similarity indices were calculated in the
online software online SpadeR (Chao et al.,
2015).

RESsuLTS

The greatest species richness was found
at Bom Retiro do Sul, where habitats were more
varied compared to the other two farms (Tab.
1). Bom Retiro do Sul had the greatest number
of detections followed by Taquari and Butid. The
most abundant species and the richest families

Tab. 1. Avian richness and abundance on each farm. Numbers in parentheses represent the

richness / abundance for a given taxon.

Variables TAQ BRS BUT Total
Species
Total Richness 122 187 124 213

Tyrannidae (12)
Thraupidae (11)

Families with
highest richness

Total Abundance

Turdus rufiventris
(Vieillot, 1818)

Tyrannidae (14)
Thraupidae (20)

Tyrannidae (26)
Thraupidae (12)

Tyrannidae (26)
Thraupidae (21)

Zonotrichia capensis
(Statius Muller,

Z. capensis (111) T. rufiventris (335)

Species with (122) 1776) (112)
highest ) o
abundance Basileuterus culici-

vorus (Deppe,
1830) (120)

T. rufiventris (111)

T. rufiventris (102) Z. capensis (328)

Shannon

Diversity (H’) 4.169 4.593 4.176 4.412
Simpson

Dominance (1-D) 0.976 0.987 0.975 0.981
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were the same accross the three farms, sug-
gesting a similar composition. Taquari and Butia
shared the largest number of species in com-
mon, while Butid and Bom Retiro do Sul had the
lowest number of shared species. The same
pattern was observed in the diversity indices, as
Bom Retiro do Sul had the greatest values in
Shannon and Gini-Simpson indices. In total, we
recorded 213 species and 6496 detections (see
Sementili-Cardoso et al., 2023), with an additi-
onal six species (2.7% of the total) detected
exclusively outside the sampling period. Simila-
rity pairwise comparison shows that Taquari and
Bom Retiro do Sul farms tend to be more simi-
lar to each other than the Butid area (Sgrensen
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Retiro do Sul: 0.795; Bom Retiro do Sul - Ta-
quari: 0.858).

Bird assemblages on all the three farms
had a similar feeding guild structure (Fig. 2).
Insectivores were most numerous, followed by
omnivores and frugivores species. However, in
Taquari there were as many granivores as frugi-
vores. Habitat stratification was also similar
across the three farms (Fig. 2), with ground-
dwelling species dominating, followed by speci-
es from the midstory and understory strata.
Despite low total richness, aquatic species were
more numerous in Taquari and Bom Retiro do
Sul, compared to in Butia.
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Fig. 2. Proportion of species subdivided according to diet and foraging strata recorded on each farm.
Guilds: INV - insectivores; OMN - omnivores; FRU - frugivores; GRA - granivores; PRE - generalist

predators; NEC - nectarivores;

VER - vertivores;

DET - detritivores; PIS - piscivores; HER -

herbivores. Strata: GRO - ground; MID - midstory; UND - understory; CAN - canopy; MIX - mixed

terrestrial; AQU - aquatic; AER - aerial.

Bom Retiro do Sul had higher diversity
than both Butid and Taquari farms, which were
very similar to one another (Fig. 3). All curves
appeared to be reaching the asymptote, sug-
gesting sampling was adequate and that further
surveys would only have added very rare speci-
es. Conservation relevance of the species is ou-
tlined in Tab. 2. Butid had the highest number
of endangered and quarry species, and had mo-
re endemic species than the other farms.

DIScUsSION

The three bird assemblages represent a
considerable portion of avian regional diversity,
with the farms supporting 31.1% of the avian
species richness present in Rio Grande do Sul
state (Franz et al.,, 2018). The feeding guilds
and foraging strata are quite similar among lo-
cations, even with defined seasonality, which
affects the availability of resources in subtropi-
cal environments (Karr, 1976).
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Fig. 3. Rarefaction curve with 95% confidence intervals for the three farms (BRS - Bom Retiro do
Sul; TAQ - Taquari; BUT - Butid). The dotted line represents the extrapolation of curves to 2660
detections.

Tab. 2. Endangered, endemic and quarry species found in each of the farms. Endangered species are
classified according to IUCN (2020), ICMBio (2018) and Rio Grande do Sul (2014), respectively, with

the categories “Least Concern” (LC), "“Near Threatened” (NT), "“Vulnerable” (VU) and
“Endangered” (EN).
Endangered Species TAQ BRS BUT 25
Dromococcyx pavoninus (Pelzeln, 1870) (LC/LC/VU) X X
Hydropsalis anomala (Gould, 1838) (NT/NT/EN) X

Endemic Species

Quarry Species

The farm in Bom Retiro do Sul showed
greater richness, abundance and diversity than
those observed in the other two farms. Such
patterns are probably influenced by the vegeta-
tion structure and degree of anthropogenic dis-
turbance in each farm (Marsden et al., 2001;
Lindsey et al., 2019). Bom Retiro do Sul con-
tains a greater variety of habitats, ranging from
humid fields to well protected seasonal forests.
This provides a greater range of microhabitats
for birds, resulting in a partition of habitat use
and lower niche overlap, and so supporting gre-
ater diversity and abundance (Urban & Smith,
1989; Manhaes et al., 2015; Lara et al. 2015).

Another feature of Bom Retiro do Sul is
the extensive flooded fields formed by damming
small streams, which offer additional habitats
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not available on the other two farms (Ma et al,,
2010). Because the flooded fields are subject to
seasonal variation, the specific composition of
the community in humid areas tends to fluctua-
te between seasons according to the availability
of a given resource, such as food or shelter (Lo-
sito & Baldassarre, 1995; Bolduc & Afton, 2004).
The richness and diversity of Butid and
Taquari were very similar, although the two lo-
cations differ in their landscape structure. The
Taquari farm has a limited area of native vege-
tation, and experiences considerable human
disturbance due to a nearby urban area. Despite
these conditions, the avian assemblage is very
similar to that of Butid farm, which has the lar-
gest conservation area of the three farms. This
similarity can be attributed to the habitat struc-



ture of the two farms, since the conservation
areas in both are dominated by riparian forests.
Although Taquari is the most disturbed of the
three locations, the forest associated with the
Taquari River has a complex structure, with a
closed canopy and dense understory. Thus, des-
pite the small area of native vegetation, the
fragments in Taquari are important for the
maintenance of a specialist avifauna that de-
pends on a dense forest structure (Lindsey et
al., 2019). The degree of disturbance also sup-
ports generalist species, which consequently in-
creases the richness and abundance of the local
avifauna. In a similar way, the riparian forest in
Butia is associated with a large number of rivers
and streams of variable size, creating an exten-
sive network of native vegetation. (Teixeira et
al., 2018).

Such features increase the conservationist
relevance of these two farms, since riparian fo-
rests are extremely important for the movement
of birds, serving as ecological corridors for the
movement of species among fragments (Nai-
man et al., 1993; Machtans et al., 1996). In hu-
man-dominated matrices (e.qg. pasture,
monoculture and silviculture), remaining forest
fragments help maintain avian diversity at both
local and regional levels (Saab, 1999; Fletcher
& Hutto, 2008).

The occurrence of some feeding guilds
could be influenced by the degree of disturban-
ce. Understory insectivores are particularly sen-
sitive to habitat disturbance (Sekercioglu,
2002), and their richness and abundance decli-
ne as a response to fragmentation. Disturbed
environments can also influence the richness of
omnivorous species, since the processes of
fragmentation and deforestation accelerate the
replacement of more specialized taxa by omni-
vorous generalists (Motta-JUnior, 1990), which
favors the prevalence of this guilds in small
fragments (Willis, 1979). The proportion of un-
derstory invertivores are similar among the th-
ree farms, which implies that forest remnants in
the three areas have enough resources to main-
tain specialist taxa. In a similar way, generalist
birds represented by omnivores have an equi-
valent proportion among the areas, suggesting
that the areas are conserved enough to avoid
skewness in the distribution of omnivores.

Frugivores, granivores and generalist pre-
dators showed similar richness across the three
farms. The presence of frugivorous birds is im-
portant for the maintenance of plant diversity,
since they act as important zoochoric dispersers
(Gentry, 1982). Thus, they contribute to forest
regeneration (Jordano et al.,, 2006), especially
in the early stages of community succession
(Duncan & Chapman, 1999). Abundance of gra-
nivores and generalist predators was greater in
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Bom Retiro do Sul, which may be related to the
presence of extensive open areas. Generalist
vertivores tend to be more numerous in open
and disturbed environments (Vianna et al.,,
2017), as they depend on visual acuity to detect
their prey (Jones et al., 2007), allowing a more
effective foraging than in dense forest areas.
The abundance of granivores in Bom Retiro do
Sul is also related to the availability of grasses
typical of open areas, which provide abundant
food resources for these birds (Chettri et al.,
2005).

Ground-dwelling birds were the dominant
component of all three assemblages, followed
by birds from the midstory and understory.
Ground-dwelling birds include a considerable
number of taxa, both in open and closed habi-
tat. The presence of midstory and understory
birds is indicative of the capacity of each farm
to provide resources for the maintenance of
more specialized fauna. Most of these birds are
frugivorous and forest insectivores, corrobora-
ting other studies in Atlantic Forest areas (Do-
natelli et al. 2004; 2007; Vianna et al., 2017).
Understory birds are more sensitive to forest
changes because they depend on the density of
vegetation below the canopy to move in the en-
vironment (Bierregaard Jr & Stouffer, 1997).

The region suffers severe threats to bird
conservation. Fragmentation and loss of habitat
are the main causes of declines in bird biodiver-
sity (Marini & Garcia, 2005), resulting from irre-
gular occupation of land and real estate
speculation that occurs in Rio Grande do Sul
state (MMA, 2000). The main effects of habitat
loss and fragmentation are the selective extinc-
tion of specialist species, leaving vacant niches
for generalists to colonize (Gimenes & dos An-
jos, 2003). Such effects may be occurring at the
three farms, since the most abundant species
were all generalists. However, assessing tempo-
ral trends in species’ abundances would require
repeated surveys over several years. In Brazil,
the replacement of native environments by
commercial forestry is a very common practice,
and can result in a decrease in resources for
bird species (Jacoboski et al., 2016). However,
when forestry activity is associated with sustai-
nable management and conservation practices
of native remnants, such impacts can be miti-
gated (Marsden et al., 2001), helping to main-
tain biodiversity at the regional level. Therefore,
the assessment of bird assemblages in in a his-
torical level needs additional surveys over the
years.

In addition to land cover change including
deforestation and fragmentation, we witnessed
the impacts of pastoral activity in native areas
(i.e. erosion by cattle encroachment) and episo-



des of illegal capture for wildlife trafficking. The
properties adjacent to the Bom Retiro do Sul
and Butid farms carry out cattle breeding, and
we observed cattle incursions into conservation
areas. Cattle movement opens trails and clea-
rings in closed habitats, mainly impacting un-
derstory birds (Martin & McIntyre, 2007). There
is an inverse relationship between the pressure
of pastoral activity and stratified foraging in
birds, causing the abundance and diversity of
birds to decline in locations where cattle forage
(Martin & Possingham, 2005). Since overall di-
versity does not differ among areas, we argue
that these disturbances have a minor impact on
bird richness and abundance. In a similar way,
the proportions of generalist feeding guilds and
foraging strata are not skewed toward a specific
farm, suggesting that the impacts of these dis-
turbances do not change these functional featu-
res of the assemblage.

Capture of wild birds was witnessed du-
ring sampling. Contact with local communities
revealed that several species suffer substantial
trapping pressure for illegal wildlife trade. Such
activities impact the dynamics of local bird as-
semblages (Marini & Garcia, 2005), and areas
where birds are trafficked and marketed act as
a “sinkhole” (Regueira & Bernard, 2012), cau-
sing a significant decline in bird diversity. Mana-
gement and environmental education actions
must be implemented to reduce the impact of
wildlife trapping, encouraging local communities
to take an active role in bird conservation. The-
se actions could be particularly relevant in the
“Sede” farm, as it is located inside the urban
area of Taquari municipality. The contact of the
locals with the conservation areas are more fre-
quent, making it easier to them to capture nati-
ve birds. In this regard, this farm could be a
priority conservation area, as the impacts of
anthropic activities in the urban could influence
bird assemblages in the near future. Our data
help to diagnose the species that suffers illegal
trapping, which can help in decision-making
about the management of resources and efforts
to conserve the species most threatened by
these activities.

CONCLUSIONS

The bird assemblages on the three studi-
ed farms contribute for the preservation of regi-
onal bird diversity, and thetrophic structure was
similar across the farms. These patterns high-
lighted the importance of conserving forest
remnants in association with silviculture, such
as the eucalyptus plantations.
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