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ABSTRACT. Afforestation of temperate grasslands with fast-growing trees for industrial pulpwood production is spreading in South America.
Despite high afforestation rates resulting from governmental policies that stimulate pulpwood production in grasslands of southern Brazil and
Uruguay, the impact of this activity on biodiversity remains to be properly assessed. We used an Impact-Reference study design to evaluate
how grassland afforestation affects the composition of grassland bird assemblages. We sampled eucalyptus plantations and neighboring natural
grasslands in southern Brazil from 2006-2009, and relied on nested sampling and analysis to separate the effects of afforestation from the natural
variability of grasslands. We recorded a significant difference in composition between assemblages from grasslands and tree plantations. Species
adapted to open, treeless areas tended to be negatively affected in relation to edge or forest birds in eucalyptus plantations. Afforestation is
systematically replacing the bird assemblage of hilltop grasslands by a collection of common edge and forest species that occur in nearby riverine
and hillside forests. Although most grassland birds negatively affected by tree plantations are common and widespread, observed and predicted
afforestation rates in southeastern South America may result in regional population reductions in the near future.
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RESUMO. Alteracdes na composi¢cio de comunidades de aves relacionadas ao florestamento de campos temperados no sudeste da América
do Sul. O florestamento de campos temperados com arvores de crescimento rapido para a produgdo industrial de celulose esta aumentando na
América do Sul. Apesar das elevadas taxas de florestamento resultantes de politicas governamentais que estimulam o plantio de arvores para
celulose em campos do sul do Brasil e Uruguai, o impacto dessa atividade sobre a biodiversidade ainda carece de avaliagdo adequada. Utilizamos
um delineamento experimental do tipo impacto-referéncia para avaliar como o florestamento dos campos afeta a composigdo da assembleia
de aves campestres. Amostramos plantagdes de eucalipto e campos nativos no sul do Brasil entre 2006-2009 e nos valemos de amostragem
e analise aninhada para separar os efeitos do florestamento da variabilidade natural dos campos. Registramos uma diferenga significativa na
composicao entre as assembleias de aves do campo e de plantagdes de eucalipto. Espécies adaptadas a areas abertas destituidas de arvores foram
afetadas negativamente pelo florestamento, ao passo que aves florestais ou de borda de floresta foram favorecidas pela plantagdo de eucalipto. O
florestamento esta sistematicamente substituindo a assembleia de aves de campos de topos de morros por uma colegio de espécies de floresta e
de borda comuns em matas ciliares e de encosta. Apesar de a maioria das espécies campestres afetadas negativamente pelas plantagdes de arvores
serem comuns ¢ de ampla distribui¢do, as taxas de florestamento observadas e previstas no sudeste da América do Sul podem gerar redugdes
populacionais regionais num futuro proximo.

PALAVRAS-CHAVE. Campos do Rio da Prata, celulose, Impacto-Referéncia, eucalipto, Brasil.

Habitat loss and degradation are the main remaining grasslands are located mostly in the northern

drivers of biodiversity loss (GRoOM & VYNNE, 2006).
These factors affect biodiversity via the elimination,
displacement or modification of populations of native and
invasive species, altering the structure of communities
and ecosystems (GROOM & VYNNE, 2006). Since habitat
loss usually reduces niche availability, ecologically
specialized taxa with narrow niche requirements
are expected to be at greater risk of extinction than
generalists (OWENS & BENNETT, 2000; BUTLER et al.,
2007). Traits shared by species that are negatively
affected by habitat loss, degradation and fragmentation
include low mobility, low fecundity and recruitment, and
narrow niche requirements, whereas well-distributed
invasive taxa and habitat-generalists are usually listed
as winners in altered landscapes (BEISSINGER, 2000;
GROOM & VYNNE, 2006; Noss et al., 2000).

Habitat loss and degradation have been severe in
temperate grasslands, especially in the vast Rio de la
Plata Grasslands of southeastern South America, which
have lost nearly 60% of the original cover (SORIANO ef
al., 1992; HENwooD, 2010; AzPIROZ et al., 2012). The

part of the region, especially in the campos unit of
northeastern Argentina, Uruguay and southern Brazil
(VEGA et al., 2009). Traditionally used for livestock
grazing, an activity compatible with conservation if
properly managed (DEVELEY ef al., 2008; CASTILHOS ef
al., 2009), the campos are currently under assault from
the expansion of agriculture and commercial forestry
(OVERBECK et al., 2007; VEGA et al., 2009). Only 0.2%
of the campos are protected (HENwooD, 2010), an
alarming situation considering that these grasslands
are highly biodiverse and harbor many threatened and
endemic taxa (OVERBECK et al., 2007; BENCKE, 2009;
BoLDRINI, 2009; AZPIROZ et al., 2012).

Small groves of eucalyptus and pines planted for
shade and lumber have been a common feature in the
campos since the mid-XIXth century (HASSE, 2006).
Large-scale afforestation began in the 1980s, when
large pulpwood companies were attracted to the region
by governmental tax benefits and financial subsidies
(CARRERE & LOHMANN, 1996; HasSE, 2006; VIHERVAARA
et al., 2012). In Uruguay and southern Brazil, where
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land officially offered for afforestation coincided with
grassland remnants, environmental licensing processes
were controversial and embedded in ideological disputes
(CARRERE & LOHMANN, 1996; Hassg, 2006; GAUTREAU
& VELEZ, 2011). Currently, tree plantations cover
approximately 1,120,000 ha in the campos of Uruguay
and the Brazilian state of Rio Grande do Sul (GAUTREAU
& VELEZ, 2011).

Plantation forests can be of conservation value in
deforested regions, especially when managed to promote
stand structural complexity and landscape heterogeneity
that benefit forest organisms suffering from habitat
loss, edge effects and connectivity breakdown
(BROCKERHOFF et al., 2008). In natural grassland areas,
however, afforestation is detrimental (BROCKERHOFF et
al.,2008). Major biotic impacts on afforested grasslands
are changes in abundance, diversity and composition
of species assemblages in response to alterations in
environmental conditions and disruption of ecological
processes (ALLAN et al., 1997; CORLEY et al., 2006;
BuscarDpO et al., 2008; LANTSCHNER et al., 2008;
BERTHRONG et al., 2009).

Despite the increase in the number and extent
of commercial tree plantations in South America, the
impact of this activity on grassland biodiversity remains
to be properly assessed. Our main goal was to evaluate
how afforestation affects the composition of grassland
bird assemblages. We proposed that afforestation has
a press (sustained) impact (sensu BENDER et al., 1984)
on grassland faunal assemblages. Consequently, we
predicted that bird assemblages in grasslands and
tree plantations would be structurally different. We
also expected that species that are strictly adapted to
grassland habitats would be negatively affected in
relation to forest and edge birds. Our sampling design
and analytical procedures were devised to disentangle the
effects of afforestation from natural variability, allowing
us to adequately measure anthropogenic impact. This is
the first study to use this approach to quantify changes
in faunal assemblages following temperate-grassland
afforestation.

MATERIAL AND METHODS

Study area. Our study area spanned 4,918 km” in
southern Rio Grande do Sul, Brazil’s southernmost state
(Tab. I). Most of our sites are located in the Planalto
Sul-Rio-Grandense, an upland system of eroded granite
hills, with a few located in the gently rolling terrain of
the neighboring Depressdo Central sedimentary region
(IBGE, 1986). Climate is subhumid; mean annual
temperature and precipitation in the region are 16—18°C
and 1,200-1,400 mm, respectively (IBGE, 1986).

In this region, grasslands predominate on flat or
gently rolling terrain (IBGE, 1986; OVERBECK et al.,
2007). Natural forest occurs mostly in valleys, especially
in the northeastern sector of our study area (IBGE,

1986). Gallery forests occur along most watercourses,
and marshes cover floodplains and swales (IBGE, 1986).
Herbaceous and shrubby vegetation predominates in
grasslands, with Poaceae, Asteraceae, Rubiaceae and
Leguminosae being the main families (BoLDRINI, 2009).
Scattered trees and bushes are common in the Planalto
Sul-Rio-Grandense grasslands. Cattle, sheep and horse
ranching are the main economic activity.

The eucalyptus plantations sampled for this study
were established in 2004-2006. Eucalyptus trees were
planted in hilltop grasslands hitherto used for cattle
grazing. Moister grasslands in swales and drainages
were not afforested, in accordance with Brazilian
environmental law. Stands were of different sizes,
limited by roads and watercourses. The Sydney blue gum
Eucalyptus saligna Smith (Myrtaceae) and the flooded
gum Eucalyptus grandis Hill ex Maiden (Myrtaceae)
were the main species cultivated. Plants were spaced 3.0
x 2.0 m apart. Herbicides and insecticides were applied
in the first year. After seven years, trees are cut and new
saplings planted.

Experimental design. Since the plantations were
established before we had access to the area, we used an
Impact-Reference study design (sensu WIENS & PARKER,
1995). In this scheme, samples are taken at a single time
within the impacted area, and from nearby areas that
were not impacted and constitute references (WIENS &
PARKER, 1995). Despite being less powerful and having
reduced causal inference ability when compared to
BACI or Beyond-BACI designs that rely on ‘before and
after impact’ information (UNDERWOOD, 1994; WiENs &
PARKER, 1995), post-impact tests have been widely used
to assess differences between impact and reference sites
(see BENEDETTI-CECCHI & Os10, 2007).

The plantations covered a broad area, enabling
us to rely on nested sampling design and analysis
(sensu UNDERWOOD, 1997) to separate the effects
of afforestation from natural variability in reference
areas. This peculiar spatial distribution also relieved
us from using an asymmetrical analysis to avoid
pseudoreplication (UNDERWOOD, 1994; GLASBY, 1997).

Our design consisted of two treatments
(afforestation and grassland) replicated at 11 sites.
At each site we allocated five 500 x 100 m plots per
treatment, and counted birds in them. Our sample
consisted of 55 impact plots from eucalyptus stands, and
55 reference plots from grasslands.

We only sampled natural hilltop grasslands used
for livestock grazing, avoiding pastures planted with
exotic grasses. All eucalyptus stands were 2—3 years old
with trees 4-6 m tall. We used a systematic sampling
design, choosing the location of the first plot on a map
and determining the starting point of subsequent plots
at 700-m intervals to ensure independence (HURLBERT,
1984). On many occasions, however, this distance was
altered to ensure that plots lay fully within a fenced
grassland section or eucalyptus stand. When this
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occurred, a minimum distance of 200 m between plots
was always respected. Grassland plots were at least 200
m from the nearest eucalyptus stand and natural forest
patches. Distances were determined with a hand-held
GPS with a 5-m error.

Bird sampling. Sampling was carried out from
20062009 (Tab. I). To conform to the premises of the
study design and avoid detection bias, we sampled each
site only once, in November-December, the peak of the
breeding season of the local avifauna (BELTON, 1994).
Birds are vocal and restricted to their territories during
this period, favoring detection and minimizing chances
of double-counting individuals (BiBBY ef al., 1992).
Counts were carried out by two observers walking at a
constant speed along the central line of the plot. Each
observer was responsible for searching a 500 x 50 m
half-section of the plot. We counted all birds that were
seen or heard. Individuals in flight were omitted. To
favor detection, counts were made in the early morning
or late afternoon, in good weather conditions (BIBBY et
al., 1992).

Habitat use of birds was defined according to
BELtoN (1994) and VICKERY et al. (1999). Threat
categories followed IUCN (2011) and scientific
nomenclature followed REMSEN et al. (2011).

Statistical analyses. We employed permutational
analysis of variance using the pseudo F-ratio as test
criterion (PILLAR & ORLOCI, 1996; ANDERSON, 2001)
to evaluate if differences in the composition of bird
assemblages between treatments were significant. We
used the Bray-Curtis distance between sampling units.
Our null hypothesis was that there was no difference
in composition between impact and reference areas.
Our nested design allowed us to partition the total
variation within three factors: among treatments, among
sites and among plots. Since our main interest was to
understand the effect of afforestation, we blocked both

nested factors (sites and plots) to remove the effect of
spatial variability from our treatments. We then divided
the total sum of squares by the sum of squares between
treatments, to determine the proportion of variation
explained exclusively by treatments. In both tests we ran
10,000 iterations and adopted an alpha level of 0.05 to
consider differences significant.

To determine species positively and negatively
affected by grassland afforestation, we relied on a
classification method developed to determine habitat
specialists and generalists (CHAZDON et al., 2011).
This method uses a multinomial model based on
estimated species relative abundance in two habitats,
to classify species into four categories: (1) generalists,
(2) specialists of habitat “a”, (3) specialists of habitat
“b”, and (4) species too rare to classify (CHAZDON et
al., 2011). Major advantages of this method include
the classification of habitat specialists and generalists
without the a priori exclusion of rare species, and the
capability of distinguishing habitat generalists (species
with no significant habitat affinity) from species that
are simply too rare to classify (CHAZDON et al., 2011).
Following recommendations by CHAZDON et al. (2011),
we set the specialization threshold K to 0.667 and the
P level to 0.005. We assumed that species classified as
grassland specialists would be negatively affected by
afforestation, whereas eucalyptus specialists would be
favored.

Classification of specialist and generalist species
was performed on CLAM (CHAO & LN, 2011), whereas
permutational analysis of variance were carried out on
MULTIV 2.63 statistical software (PILLAR, 2007).

RESULTS

We recorded 994 individuals and 57 species
in grasslands, and 442 individuals and 54 species in

Tab. I. Characteristics of sites sampled in southern Brazil [Geo®, geomorphologic unit (sensu IBGE, 1986); DC, Depressao Central sedimentary

region; PSRG, Planalto Sul-Rio-Grandense uplands].

Site Municipality Coordinates Altitude (m) Geo® Sampling date

. . 31°21°117’S,

Fazenda Seival Candiota 53°42°537W 315 DC Dec 2007
L - 31°31°34”S,

Fazenda Silveiras Pinheiro Machado 53933°207W 255 PSRG/DC Dec 2008
N , - 31°35°30”S,

Fazenda Sao José Pinheiro Machado 53933°517W 280 PSRG/DC Dec 2007
. s 31°43°18”S,

Fazenda da Ferraria Piratini 53900734 W 130 PSRG Dec 2006
Fazenda N. Sra. de N - 31°47°16”S,

Guadalupe Capao do Ledo 52930°08"W 85 PSRG Nov 2007

F da Santa Heloi Pedras Alt 31°49°3878, 300 PSRG Dec 2007

azenda Santa Heloisa edras Altas 53°35°59"W ec

- . 31°54°47S,

Fazenda Sao Francisco Pedras Altas 53037°08"W 200 PSRG Dec 2006
32°03°10”S,

Fazenda do Bote Herval 53°30°41°W 230 PSRG Dec 2006

Fazenda Recanto dos Pa Arroio Grande 32°07°157S, 50 PSRG Dec 2008
g z 52°55°46"W
. . 32°15°34”S,

Fazenda do Banheiro Arroio Grande 53°12°20"W 75 PSRG Nov 2007
~ 32022°45”S,

Fazenda Nova II Jaguardo 53°19°36"W 85 PSRG Dec 2008
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eucalyptus stands. Thirty species were shared between
treatments, 27 were recorded solely in grasslands, and
24 occurred only in afforestation stands (Tab. II). The
difference in composition between assemblages was
significant (p = 0.0001), with afforestation explaining
22% of the total variation.

Ofthe 81 species recorded in both treatments, nine
were considered grassland specialists (species negatively
affected), six were eucalyptus afforestation specialists
(species positively affected) and 13 were generalists

(Tab. II). Approximately 65% of the species were too
rare to classify. Among grassland specialists, six species
were recorded solely in grasslands. Three afforestation
specialists were detected only in eucalyptus stands.
Roughly half of the 40 grassland obligate and facultative
birds were absent from eucalyptus plantations (Tab. II).
Xolmis dominicanus (Vieillot, 1823), listed as
vulnerable, was the only threatened species recorded. Rhea
americana (Linnaeus, 1758) and Cyanocorax caeruleus
(Vieillot, 1818) are considered “near-threatened”.

Tab. II. Classification of bird species recorded in southern Brazilian grasslands and eucalyptus afforestation stands in four categories based on
their estimated relative abundance in both treatments. The total abundance of each species in both treatments is given. A single asterisk denotes
obligate grassland birds, while two asterisks indicate facultative grassland birds (sensu VICKERY et al., 1999).

Category Scientific name Grassland Eucalyptus
Sicalis luteola* 89 0
Tyrannus savana™* 80 7
Pseudoleistes virescens** 68 0
Vanellus chilensis* 58 0
Grassland specialists Molothrus bonariensis** 57 0
Anthus hellmayri* 55 1
Geositta cunicularia* 21 0
Sicalis flaveola 21 1
Colaptes campestris** 19 0
Zonotrichia capensis** 82 134
Leptotila verreauxi 0 14
Afforestation specialists Guira guira . 2 13
Turdus rufiventris 0 13
Rhynchotus rufescens* 2 12
Vireo olivaceus 0 10
Nothura maculosa* 38 16
Turdus amaurochalinus 34 47
Ammodramus humeralis* 31 6
Furnarius rufus** 29 15
Anumbius annumbi** 26 7
Mimus saturninus 24 4
Generalists Zenaida auriculata®* 21 8
Embernagra platensis* 16 4
Tyrannus melancholicus 14 6
Agelaioides badius** 11 6
Pitangus sulphuratus 10 12
Elaenia parvirostris 9 20
Troglodytes aedon 4 8
Xolmis cinereus** 13 0
Columbina talpacoti** 12 4
Athene cunicularia* 12 0
Myiopsitta monachus** 11 0
Xolmis dominicanus** 11 0
Anthus furcatus™® 11 0
Pseudoleistes guirahuro* 11 0
Sturnella superciliaris* 11 0
Too rare to classify Rhea americana** 8 0
Patagioaenas picazuro 8 1
Xolmis irupero** 8 0
Pyrocephalus rubinus 5 1
Pipraeidea bonariensis 5 0
Donacospiza albifrons** 5 2
Colaptes melanochloros 4 0
Gnorimopsar chopi** 4 0
Bubulcus ibis** 3 0
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Tab. II. Continue.

Category Scientific name

Grassland Eucalyptus

Milvago chimango™*
Columbina picui**
Satrapa icterophrys
Machetornis rixosa**
Paroaria coronata
Saltator aurantiirostris
Molothrus rufoaxillaris**
Knipolegus lophotes
Geothlypis aequinoctialis
Caracara plancus**
Phacellodomus striaticollis
Camptostoma obsoletum
Thraupis sayaca
Poospiza nigrorufa**
Sporophila caerulescens™*
Pyrrhura frontalis
Tapera naevia™*
Too rare to classify Hydrop sa{is forquata™*
Hylocharis chrysura
Thamnophillus ruficapillus
Serpophaga subcristata
Phylloscartes ventralis
Myiophobus fasciatus
Lathrotriccus euleri
Myiodynastes maculatus
Myiarchus swainsoni
Pachyramphus polychopterus
Cyclarhis gujanensis
Cyanocorax caeruleus
Coereba flaveola
Volatinia jacarina**
Coryphospingus cucullatus
Parula pitiayumi
Basileuterus culicivorus
Basileuterus leucoblepharus
Sporagra magellanica

w2

0

N = = = AN =N =N W= N = RN~ NN PR R ODNO OO O = NO O

O O OO OO OO OO OO OO OO OO OO O = NN WW W W W W

DISCUSSION

Our results indicate that the bird assemblages
inhabiting grasslands and eucalyptus stands differed
in species composition. Although we did not use
‘before data’, our robust sampling design and use of
randomization tests enabled us to determine how much
of the variation in composition between impact and
reference areas was explained by natural variability and/
or differences in treatments.

Differences in composition between biotic
assemblages of afforested and open areas are a
characteristic feature of natural and anthropogenic
afforestation in natural and man-made grasslands (CLaviyo
et al., 2005; LANTSCHNER et al., 2008). Compositional
alterations in faunal assemblages reflect changes in
vegetation structure, spatial distribution, and composition
of plant communities that occur during the afforestation
process (SAMWAYS et al., 1996; LACHANCE & LAVOIE,
2005; CORLEY et al., 2006; LANTSCHNER et al., 2008).

Grassland specialists — the species negatively
affected by afforestation in our study system — include five
grassland obligate and three grassland facultative species
(sensu VICKERY ef al., 1999). Another three grassland
obligate species and four grassland facultative species
were considered generalists, suggesting that they may
be somewhat tolerant to afforestation (but see below).
A grassland obligate, Rhynchotus rufescens (Temminck,
1815), and a grassland facultative, Zonotrichia capensis
(Statius Muller, 1776), were considered afforestation
specialists. At least in part this paradox is explained by
the fact that sampling was done in the early stages of
afforestation, when trees were not fully developed and
small patches of grassland vegetation were still found
in the stands, especially in sectors where eucalyptus
saplings had died. Grassland birds recorded in eucalyptus
stands were found mostly in these grassy remnants. The
absence of livestock enabled grasses to grow tall in the
stands, allowing grassland birds adapted to live in dense
vegetation, such as R. rufescens and Embernagra platensis
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(Gmelin, 1789), to linger in these areas. These species
are naturally rare in adjacent heavily grazed hilltop
grasslands, being normally restricted to the denser
swales. Furthermore, open-habitat taxa that use shrubby
or arboreal vegetation for perching or nesting, such as
some pigeons, ovenbirds, sparrows and finches, were
also able to persist in eucalyptus stands because of the
small size of the trees. We expect that most grassland
birds observed in the eucalyptus stands will disappear
as the fast-growing trees fully develop and grassland
remnants become shaded.

Most grassland species, including all obligate and
facultative taxa classified as grassland specialists, are
common and widespread in the Rio de la Plata Grasslands
and other South American open-vegetation ecosystems
(Mata et al., 2006; RIDGELY & TUDOR, 2009). Despite
their abundance and wide distribution, observed and
predicted rates of grassland conversion in the region
(Hassg, 2006; GAUTREAU & VELEZ, 2011; VIHERVAARA et
al., 2012) suggest that afforestation may represent a threat
at a regional scale to some of these species in the near
future. At least for the threatened X. dominicanus, which
depends on hilltop grasslands for foraging (BENCKE,
2009), tree plantations may already be an important
impact. Furthermore, the overall similarity of the southern
Brazilian and Uruguayan grassland avifaunas (BELTON,
1994; MATA et al., 2006; RIDGELY & TuDOR, 2009)
indicates that afforestation is likely to impact birds in a
similar way throughout the entire campos region.

Our results also indicate that direct habitat loss
resulting from afforestation has a smaller impact on
threatened grassland birds than on common species.
Eleven threatened grassland birds occur in the campos
of southern Brazil and Uruguay (IUCN, 2011; AzpIrOZ
et al., 2012). Alongside X. dominicanus, two other
globally threatened grassland birds occur in our study
region: Sporophila cinnamomea (Lafresnaye, 1839) and
Xanthopsar flavus (Gmelin, 1788). The latter two were
observed solely in wet grasslands located in swales,
which explains their absence from our hilltop samples.
However, indirect effects of afforestation, such as water
consumption and shading, are expected to impact wet
grasslands and jeopardize the survival of threatened
grassland birds within tree plantations, even though
swales are not cultivated (see below).

Roughly 60% of the 103,000 ha of land acquired
for afforestation in our study area was not converted, in
accordance with Brazilian environmental law (which
protects some landscape features and a proportion of
the natural vegetation), and because natural barriers
such as rocky outcrops and pronounced slopes hindered
cultivation. Some of these areas were rented for cattle
ranching, but most remained unused. While riverine and
hillside forests cover the largest portions, wet grasslands
and marshes important for threatened grassland
birds predominate in some swales and floodplains,
especially in the southern and western sectors of our

study region. The existence of these large amounts of
natural vegetation within plantations was widely used
as environmental propaganda by the pulpwood industry,
which merchandised them as ‘conservation’ areas.
Recent studies have shown that the conservation value
of these ‘ecological networks’ for grassland species is
greatly limited, mostly because of habitat unsuitability
(Lrpsey & HOCKEY, 2010) and high rates of nest predation
(REINO et al., 2010).

Most species positively affected by afforestation
and some generalists are edge or forest birds. Forest
and edge birds also predominated among the species
recorded solely in eucalyptus stands, including those
listed in the ‘too rare to classify’ category. Some of
these, such as Pachyramphus polychopterus (Vieillot,
1818), C. caeruleus and Basileuterus leucoblepharus
(Vieillot, 1817), are strongly associated with forests
in our study area and seldom observed in open
vegetation. LANTSCHNER ef al. (2008) also observed that
afforestation in Patagonian grasslands tended to benefit
woodland birds more than open-vegetation taxa.

The diversity of organisms favored by afforestation
in tree plantations depends largely on landscape
heterogeneity and stand complexity (LINDENMAYER &
Hoggs, 2004; BROCKERHOFF et al., 2008). Plantations
in our study area are comprised by non-flowering clone
plants, and are managed to prevent the development
of understory vegetation. Therefore, two key features
that augment bird diversity in Brazilian eucalyptus
plantations (WiLLIs, 2003) are lacking. Forest cover is
naturally restricted in our study area, further limiting
the species pool able to colonize eucalyptus stands.
Indeed, the majority of forest species that we recorded
are common inhabitants of various forest types in
southern Brazil (BELTON, 1994). Most birds that we
recorded in eucalyptus stands appeared to be foraging or
moving through the plantations. We frequently observed
individuals of Z. capensis, Turdus amaurochalinus
Cabanis, 1850, Leptotila verreauxi Bonaparte, 1855,
Turdus rufiventris Vieillot, 1818, Lathrotriccus euleri
(Cabanis, 1868), and P. polychopterus singing in
eucalyptus stands, which is an evidence of territoriality.
Zonotrichia capensis was recorded nesting in grasses
below eucalyptus trees, while nests of Turdus spp.
and of an unidentified dove (probably L. verreauxi)
were observed in some eucalyptus trees. We expect the
proportion of forest and edge birds nesting in eucalyptus
stands to increase as the trees develop.

We demonstrated that the main impact of
temperate grassland afforestation on faunal assemblages
is the change in composition resulting from the
replacement of grassland organisms by edge and forest
taxa. Although most grassland birds are common and
widespread, the observed and predicted conversion rates
in the campos of Brazil and Uruguay may represent an
important threat to regional populations of some of these
birds in the near future. At least one threatened species
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may already be experiencing population loss resulting
from afforestation in our study area. Species benefiting
from afforestation are common edge and forest birds
throughout the region. Since plantations are managed
solely for pulpwood production on very short rotation
periods, habitat features that could further benefit these
species are absent, decreasing the conservation value
of afforested areas. Urgent awareness and action is
needed to prevent further loss of temperate grasslands to
afforestation in southeastern South America.
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