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BIRD COMMUNITIES IN NATURAL FOREST PATCHES IN
SOUTHERN BRAZIL

LUIZ DOS ANJOS'?* AND ROBERTO BOCON?

ABSTRACT.—Auvifaunal composition was evaluated for natural (not artificial) patches of mixed temperate
rain forest in the Campos Gerais region, Parand State, southern Brazil. A large patch (840 ha) and 11 smaller
patches (0.5-40 ha) were censused from September to December of 1995 (five hours per month, each site). The
total species number was strongly correlated with patch size (r = 0.92, P < 0.001). However, the number of
edge species increased with decreasing patch area; the opposite happened with forest species. Thus, the ratio of
edge to forest species increased with decreasing patch area. The number of leaf insectivore species decreased
the most with a decrease in area. The mean Simpson similarity index was 73.8% among forest patches of similar
size. Smaller forest patches linked to the 840 ha patch were more similar to this larger patch than isolated
patches. Point counts from January to December 1991 in four patches (72 points each area) showed that several
species, specially trunk (and twig) insectivores and omnivores, increased in relative abundance with decreases
in area of the patch (density compensation). The “habitat appropriation™ hypothesis, the expansion of niches to
include slightly different habitats, could explain the increased relative abundance of two trunk (and twig) insec-

tivores: Cranioleuca obsoleta and Cranioleuca pallida. Received 15 Oct. 1998, accepted 19 Feb. 1999.

Forest fragmentation in the Neotropical re-
gion has been considered an important force
in the loss of biodiversity (Bierregaard and
Lovejoy 1989). Decreases in the number of
bird species and changing avifaunal compo-
sition have been documented by many work-
ers (Willis 1974, 1979; Karr 1982; Bierre-
gaard 1990; Anjos 1992; Aleixo and Vielliard
1995).

Density compensation (increased relative
abundance of species in biologically isolated
habitats) is another frequent feature in habitat
fragments (MacArthur et al. 1972, Wright
1980). Reduced competition, habitat differ-
ences, and differences in colonization (Rick-
lefs and Cox 1978, Blondel 1991) also have
been suggested as possible reasons for density
compensation in habitat fragments. Blondel
and coworkers (1988) presented the “‘habitat
appropriation”’ hypothesis in which popula-
tions increase on islands because of expansion
into additional habitats.

Studies of birds in Neotropical forest frag-
ments have been carried out after fragmenta-
tion took place through logging. The state of
Parand, southern Brazil, has a grassland re-
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gion called “Campos Gerais” with isolated
forest patches of 0.1-100 ha (Fig. 1). This
landscape is natural; it was not deforested by
humans. The forest patches appear in areas of
suitable soil conditions surrounded by grass-
land and are slowly increasing in area through
a natural ecological succession (Klein 1960,
1972). The forest structure among different
patch series is similar (Klein 1960, Maack
1981, Klein and Hatschbach 1971). Because
fragmentation has been natural, the biological
processes may not have been affected by hu-
man activity. Our goal in this study was to
analyze the differences in the composition of
the bird community among various-sized for-
est patches in Campos Gerais region.

STUDY AREA AND METHODS

Study sites.—The study areas are the Fazenda Santa
Rita (25° 15’ S, 49° 48’ W) and Vila Velha State Park
(25° 15’ S, 49° 55’ W), Parana State, southern Brazil,
in a region called Campos Gerais (Fig. 2). The patches
of forest are mixed temperate rainforest. The dominant
trees are: Araucaria angustifolia (Araucariaceae), Po-
docarpus lambertii (Podocarpaceae), Sebastiana com-
mersoniana (Euphorbiaceae), Ocotea porosa, and Nec-
tandra grandiflora (both Lauraceae; Klein and Hatsch-
bach 1971). The average annual temperature is
17.3° C, varying from 20.9° C during summer (Decem-
ber-February) and 14.1° C during winter (June—Au-
gust). The range of average annual precipitation is
15002000 mm. Elevations range from 950-1100 m
a.s.l. (Maack 1981).

Eleven forest patches (called B, C, D, E, E G, H, I,
J, L and M) from 0.5-40 ha in size and one large forest
patch of 840 ha (called A) were censused. All these
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FIG. 1.
patches.

sites are covered by similar forest structure. Some
patches are linked (patches B, C, D, and E) to the
largest forest patch (A) by forest corridors while others
are completely isolated by grassland (Table 1).

Species composition.—Bird species in each patch,
micro-habitat, and feeding habit were recorded during
five-hour monthly visits in the morning (20 h total)
September—December, 1995. Each species was classi-
fied as to its typical habitat and feeding habit through
field observations and references (Fitzpatrick 1980;
Belton 1984, 1985; Sick 1997; Ridgely and Tudor
1989, 1994). The habitats were categorized as open
area, forest border (up to 5 m from the edge), and
forest interior. We divided the forest into three levels:
(1) understory (below 2 m), (2) mid-levels (2-7 m)
and (3) canopy (above 7 m). Feeding habits were cat-
egorized as: omnivore, insectivore, frugivore, carni-
vore or nectarivore. For insectivores, the area where
the insect or its larvae was most often captured was
also recorded. Three classes of capture sites were de-
fined: (1) trunk (and twigs), (2) leaves, and (3) gen-
eralized insectivores.

Relative abundance.—Relative abundance was de-
termined by monthly point counts of unlimited dis-
tance (Blondel et al. 1970) January—December in
1991. Fifty-three points were used to calculate relative
abundance: 24 in A, 12 in B, 10 in C, and 7 in G.
Each point was 100 m from another and at least 50 m
from the edge of the forest. Each month six points in
each site were chosen at random to be sampled giving

Landscape in the “Campos Gerais™ region, southern Brazil; grassland with naturally isolated forest

a total of 72 counts per site during the year (288 point
counts total in the four sites). The relative abundance
of each species was determined by dividing the total
number of species contacts by the total number of
points (72) sampled in each patch (Blondel et al.
1970). Sampling began at dawn at the first randomly
selected point and finished about 3.5 h later at the sixth
point. The time for sampling at each point was 20 min.
Species were identified primarily by sound (99%). The
same observer (LdA) performed all counts. Each pair
or flock of each species was counted once (one con-
tact) while vocalizing. Precautions were taken not to
count the same individual or group more than once (a
form was used in order to locate the counted individ-
uals), especially highly mobile species. Bird recordings
(1601 recordings of 414 species, deposited in the Bio-
acoustic Laboratory of the Universidade Estadual de
Londrina) were used to aid identification. The observer
had six years (1984-1990) of field experience in spe-
cies identification in the region (Anjos 1992, Anjos
and Graf 1993, Anjos et al. 1997).

Analyses.—The birds were identified mostly using
the taxonomy of Meyer de Schauensee (1982) and
Sick (1997). Similarities in bird species composition
between forest patches were determined using the
Simpson Index. B diversity (Whittaker 1960) was used
to measure the degree of turnover in species compo-
sition along the six points sampled monthly (in A and
G). This index is a measure of how different the sam-
ples were, in terms of the variety of species. Differ-
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ences in numbers of species or numbers of contacts of
species between the sites were tested with x? analysis
at o < 0.05. Analysis of Variance (one way ANOVA)
and the Tukey multiple range test (P < 0.05) were used
to evaluate the average number of species and contacts
recorded per sampled point in A, B, C and G. The
relationship between number of bird species and size
of fragment was expressed through a transformation
following Preston (1962): logS = logk + zlogA where

TABLE 1. Size (ha) and on the distance (m) from
a continuous forest of each study site.

Site Size Type-Distance

A 840 ha continuous forest

B 40 ha linked by forest corridor—-100 m
C 20 ha linked by forest corridor—200 m
D 12 ha linked by forest corridor—600 m
E 10.5 ha linked by forest corridor—400 m
F 10 ha isolated—3000 m

G 9 ha isolated—2000 m

H 8.5 ha isolated—800 m

1 6.5 ha isolated—2500 m

J 4 ha isolated—1500 m

L 1.5 ha isolated—500 m

M 0.5 ha isolated—1000 m

Study area in “Campos Gerais’ region, Parand State, southern Brazil, indicated by hatching.

S is the number of species and A is the size of the area.
SAS/STAT (version 6.11, IBM, mainframe) was used
to calculate most of the above values.

RESULTS

Habitat distribution.—Birds in all patches
totaled 189 species, including 13 open area
species, 51 edge species, and 125 forest spe-
cies (Appendix). The open area birds used the
forest only for roosting and/or for nesting but
not for foraging.

There were 13 edge species in the largest
patch (A) and 32 species in the 6.5 ha frag-
ment (I). By contrast, there were 93 forest spe-
cies in the largest patch and only 13 species
in the smallest fragment (M; Table 2). These
results indicate a general decrease in the ratio
of forest to edge species with a decrease in
area (Fig. 3). The exceptions are the patches
E (34/21 species), G (41/28 species), and L
(32/19 species). The number of understory
forest species decreased faster (x> = 15.37, df
= 2, P < 0.05) with decrease in area of forest
(33 species in A, 20 species in B, and 8 spe-
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TABLE 2. Number of bird species in the study sites according their habitats and feeding habits.
Sites
A B c D E F G H [ J L M

Habitats

Open area 2 2 3 3 6 2 4 4 3 3 1 1

Edge 13 22 26 29 21 27 28 29 32 30 19 30

Forest/understory 33 20 8 10 5 8 8 4 10 4 7 3

Forest/mid-levels 32 29 27 22 20 17 23 18 16 15 17 6

Forest/canopy 28 19 16 12 9 5 10 7 7 7 8 4
Feeding Habits

Omnivores 29 32 28 31 22 19 27 28 23 24 21 16

Insectivores/trunk 18 14 12 10 10 7 10 6 3 4 6 3

Insectivores/leaves 30 16 16 13 9 11 15 10 11 10 8 7

Insectivores/general 11 12 8 10 9 12 12 7 16 10 8 11

Frugivores 15 12 12 7 8 6 5 6 8 8 8 5

Carnivores 3 3 2 4 3 3 3 4 4 2 1 1

Nectarivores 2 3 2 1 0 1 1 1 3 1 0 2

Total Species 108 92 80 76

61 59 73 62 68 59 52 45

cies in C) than mid-level forest species (32
species in A, 29 species in B, and 27 species
in C; x2 = 043, df = 2, P > 0.05); canopy
forest species were intermediate in the ratio of
decreasing (28 species in A, 19 species in B,
and 16 species in C; x> = 3.71,df = 2, P >
0.05; Table 2).

Similarity between sites.—The similarity
index (Simpson) between the largest site (A:
108 species) and the smallest (M: 45 species)
was 40% (17 species common to both sites);
however, the mean was 73.8 = 2.7% (SE)
among forest patches of similar size.

The number of species was correlated with
area (Fig. 4; r = 092, df = 10, P < 0.001).
Species living in open areas were not consid-

N

TRy
AN

AN

s 28 2 5% 2§ %3z
Area (ha)
FIG. 3. Ratio of forest (solid) and edge (hatched)

species in the study sites. Sites B-E linked to A by
forest corridors.

ered in this analysis; edge species were in-
cluded with forest species because the major-
ity of them were commonly found within the
forest. The number of species can be predicted
according to the Preston (1962) model: log$
= 3.81 + 0.17 logA, where S is the number
of species and A is the fragmented area in ha.

Feeding habits.—Of the 189 species re-
corded, 85 were insectivores, 58 omnivores,
28 frugivores, 12 carnivores, and 6 nectari-
vores. Among the insectivores, 33 were leaf
insectivores, 31 generalized insectivores (cap-
ture insects in various ways), and 21 trunk
insectivores.

Insectivores were less abundant in B (40 ha;
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FIG. 4. Correlation (log/log) between number of

species (S) and area (A) of fragment. Dotted lines in-
dicate 95% confidence interval.
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42 species) than in A (840 ha; 59 species)
although not significantly so (x2 = 2.86, df =
1, P > 0.05). In patches smaller than 40 ha
the rate of decrease slowed as patch size di-
minished (36 species/20 ha, 33 species/12 ha,
28 species/10.5 ha); in patches smaller than
10.5 ha, there was no clear pattern (Table 2).
The greatest reduction in species occurred in
leaf insectivores, from 30 species in the forest
(A) to 16 species in the largest patch (B; x2
= 4.26, df = 1, P < 0.05); the loss of trunk
insectivores was not so great (18 species in A
and 14 species in B; x2 = 0.5, df = 1, P >
0.05) while generalized insectivores gained
one species (11 species in A and 12 species
in B).

Omnivores were represented by two more
species in B (32 species) than in A (30 spe-
cies). Their numbers remained relatively con-
stant down through the 12 ha patch (D; 31
species) but decreased in smaller patches (Ta-
ble 2).

Frugivores decreased slightly in number (x?
= 0.46, df = 2, P < 0.05) from A (15 species)
to B and C (both with 12 species). The num-
ber of frugivores stayed between 5 and 8 spe-
cies in patches smaller than 12 ha (Table 2).

Carnivores and nectarivores were repre-
sented by few species in all sites (1-4 species;
Table 2).

Number of species and contacts.—In point
counts conducted in 1991 we recorded 138
species in A, 125 in B, 103 in C, and 91 in
G. The average numbers of species per sam-
pled point were: 23.6 in A, 16.5 in B, 18.5 in
C, and 21.4 in G. The number of species per
sampled point was not significantly different
(Tukey test: P > 0.05) between A and G al-
though they are different in the size and total
number of species recorded. The intermediate-
sized patches B (40 ha) and C (20 ha) did not
show significant differences (Tukey test: P >
0.05) among the numbers of species per sam-
pled point, but both were significantly differ-
ent from A and G (Tukey test: P < 0.05).

The average numbers of contacts per sam-
pled point were: 27.0 in A, 19.1 in B, 22.1 in
C, and 25.8 in G. The numbers of contacts per
point were not significantly different between
A and G nor between B and C; but they were
significantly different between A-B, A-C, G—
B and G-C (Tukey test: P < 0.05).

There were variations in the average num-
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ber of contacts during the year in the four
study sites. The number of contacts was high-
est in September/October—January than Feb-
ruary—August (Fig. 5).

Relative abundance.—The highest relative
abundance (number of contacts divided by the
number of sampled points) in this study was
Basileuterus leucoblepharus (1.2) followed by
Turdus rufiventris (0.85), Lepidocolaptes
squamatus (0.68), Basileuterus culicivorus
(0.68), Cyclarhis gujanensis (0.67), and Cran-
ioleuca obsoleta (0.61).

The majority of species recorded in the
point counts presented significant differences
in the values of relative abundance when oc-
curring in three or four sampled sites (indi-
cated with ““s” in Appendix; df = 2 or 3, P
< 0.05). Some of these species increased in
abundance with the decrease in area (density
compensation) such as Veniliornis spilogaster,
Cranioleuca obsoleta, Turdus amaurochali-
nus, Cyclarhis gujanensis, Parula pitiayumi,
Thraupis sayaca, and Stephanophorus diade-
matus. The distribution of the abundances in
a rank order showed that the 12 species with
highest abundances (indicated with an * in
Appendix) in the smallest patch analyzed (G)
comprised 27% of total contacts but they com-
prised only 20% in the continuous forest (A).

Relative abundance increased with decreas-
ing area for 12 omnivorous species (Appen-
dix): Penelope obscura (x> = 9.12,df = 3, P
< 0.05), Pachyramphus polychopterus (x> =
73.87, df = 3, P < 0.001), Pitangus sulphur-
atus (x> = 106.39, df = 3, P < 0.001), Elaen-
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ia mesoleuca (x> = 23.38, df = 3, P < 0.001),
Cyanocorax caeruleus (x* = 21.08,df = 3, P
< 0.001), Turdus rufiventris (x> = 8.52, df =
3, P < 0.05), Turdus amaurochalinus (x> =
23.9, df = 3, P < 0.001), Cyclarhis gujanen-
sis (x* = 36.19, df = 3, P < 0.001), Stephan-
ophorus diadematus (x> = 12.92,df = 3, P <
0.01), Thraupis sayaca (x> = 19.8,df = 3, P
< 0.001), Zonotrichia capensis (x* = 33.64,
df = 3, P < 0.001), and Carduelis magellan-
icus (x> = 14.07, df = 3, P < 0.01). The sum
of relative abundances of the omnivorous spe-
cies increased (x> = 28.41, df = 2, P < 0.001)
from A (6.56) to the patches C (7.52) and G
9.0).

The sum of relative abundances of leaf in-
sectivorous species was highest ()2 = 77.15,
df = 3, P < 0.001) in A (8.42), followed by
G (6.18), C (5.56), and B (5.14). Parula pi-
tiayumi (x* = 12.86, df = 3, P < 0.01) in-
creased in relative abundance with decreases
in area (Appendix).

The sum of relative abundances of species
of trunk insectivores increased (x> = 10.8, df
=1, P < 0.01) from A (4.06) to G (5.24) as
the result of a substantial increase in relative
abundance of two species: Cranioleuca ob-
soleta (0.21 in A and 1.54 in G) and C. pallida
(0.14 in A and 0.93 in G).

Relative abundances of Furnarius rufus (x*
= 49.89, df = 2, P < 0.001), Tyrannus me-
lancholicus (x* = 23, df = 3, P < 0.001), and
Phyllomyias fasciatus (x> = 39.72,df = 3, P
< 0.001) generalized insectivores, increased
with decreases in area (Appendix). The sum
of the relative abundances of this group was
higher (x> = 843, df = 1, P < 001)in G
(3.82) than A (2.93).

The sum of the relative abundances of fru-
givores decreased quickly (x? = 176.93, df =
3, P < 0.001) with decreases in area: A, 4.18;
B, 2.89; C, 1.76, and G, 0.92. Only Leptotila
verreauxi (x> = 20.43, df = 3, P < 0.001) and
L. rufaxilla (x> = 11.96, df = 3, P < 0.01)
increased in relative abundance.

DISCUSSION

Number of species.—Based on censuses
from a few visits to many islands in the spe-
cies/area studies, Haila and Jarvinen (1981:
561) suggested that the ““‘gain by increasing
the number of visits to an island is the im-
proved accuracy in the recording of rare spe-
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cies.”” Almost 90% of the species in a site are
recorded during a single visit (Haila and Ku-
usela 1982). Taking into account the point
counts of one year carried out in the present
study, the combined samplings in A, B, C, and
G from September to December (four visits)
revealed 73-78% of the total species in these
sites; this is less than the 90% predicted by
Haila and Kuusela (1982). The fewer species
we recorded in four visits is problably due to
a higher proportion of rare species in our
study sites. Therefore researchers in the Neo-
tropical region, especially in forests, should
make several visits to a site instead of a single
visit.

There was a strong correlation (r = 0.92,
df = 10, P < 0.001) between the number of
bird species and the size of the forest patches
in the Campos Gerais region. Other effects,
such as habitat heterogeneity, might be more
important than area in predicting the number
of species found on an island (Martin et al.
1995). In more homogeneous sites it is ex-
pected that the effect of area would increase
(Connor and McCoy 1979). Galli and co-
workers (1976) studied woodlots in New Jer-
sey with similar foliage height diversity and
found a strong correlation between the num-
ber of species and size of the area. Martin
(1981) studied homogeneous shelterbelts in
South Dakota and concluded that area was the
most important factor in determining the num-
ber of species. The similarity in vegetation
structure between Campos Gerais forest
patches is due to their being at approximately
the same stage of ecological succession (Klein
1960, 1972; Klein and Hatschbach 1971;
Maack 1981), and probably explains the high
species/area correlation.

Based on the study by Tomialojc and co-
workers (1984) in Poland, Blondel (1986)
suggested that the habitats in large forests ap-
pear to be broken into a mosaic of “sink’ and
“source’” because a large forest is represented
by a mosaic of habitat patches. This results in
a potential heterogeneity of the distribution of
birds in large forests. In order to test the
source/sink (Blondel 1986) role of larger for-
ests, we calculated the B-diversity (Whittaker
1960) among the six points sampled monthly,
in the 9 ha patch (G) and in the largest patch
(A, 840 ha). The mean B-diversity was higher
in A (1.68) than in G (1.27; Mann-Whitney
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U-test: U = 12.5, P < 0.05), which suggests
a more homogeneous bird distribution in the
smaller area. The average number of species
per point sampled was not significantly dif-
ferent (Tukey test: P > 0.05) between G and
A, which suggests that the higher number of
total species in the largest patch is mainly due
to the heterogeneity of species’ distributions
compared to smaller patch.

It was expected that there would be more
species in A (138 species, 840 ha) than in G
(91 species, 9 ha) because of the difference in
size of the fragments. The small difference
can be explained by the heterogeneity of spe-
cies distribution in A; the area sampled in A
(24 sampled points, which represents around
80 ha) corresponds to about 10% of the total
site, but the total area of G (9 ha) was sam-
pled. Two hundred and seven species were re-
corded in A in a parallel study (Anjos 1992).
Thus, the heterogeneity in bird distribution re-
sulted in just 67% of the total avifauna in A
being recorded in this study.

Composition of the bird communities.—In
the Neotropics, as in the rest of the world,
losses of species and changes in avian com-
munity composition occur with fragmentation
of forest areas. In the Campos Gerais, the
scarcity of forest species are, in part, balanced
by gains in edge species (Fig. 3). Willis
(1979) pointed out that the woodlots of Sdo
Paulo, southeastern Brazil, have become more
like temperate zone forests with an emphasis
on oscine birds characteristic of canopy and
edge. Bierregaard and Lovejoy (1988) noted
some edge species (Troglodytes aedon and
Ramphocelus carbo) wandering into small
forest patches (1 ha) after experimental defor-
estation in Amazonia. In the Campos Gerais
region a gradual increase in the ratio of edge
species to forest species was obvious with a
decrease in fragment area. The majority of
these edge species are oscines, some of them
living in the canopy.

The proportion of forest/edge species does
not seem to be related only to the size of the
area. MacArthur and Wilson (1963, 1967)
demonstrated that isolation is also an impor-
tant factor. Among the isolated patches, L (1.5
ha) possessed a higher proportion of forest
species than F (10 ha), H (8.5 ha), I (6.5 ha),
or J (4 ha) probably because it was closer to
the largest patch (Fig. 3, Table 1).
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Among forest birds, the principal decrease
in number of species in the Campos Gerais
patches was associated with the loss of un-
derstory species. Canopy species probably fly
to a nearby patch when there is a shortage of
resources. Bierregaard and Lovejoy (1989)
verified a decrease in the number of species
also occurring among understory birds in
Amazonia.

Aleixo and Vielliard (1995) pointed out that
leaf insectivores of the understory were those
most likely to be absent in a woodlot of 251
ha in Sdo Paulo. We also found that most of
the understory species that were absent from
the small patches in the Campos Gerais region
were leaf insectivores. Trunk insectivores
were rarely found in small woodlots by Willis
(1979); these were mostly small birds, such as
Picumnus spp. (12 g) and Veniliornis spilo-
gaster (43 g). Large trunk insectivores, such
as Phloeoceastes robustus (263 g) and Dry-
ocopus lineatus (246 g), were recorded only
in the forest of our study. Only small or mid-
size species such as Cranioleuca obsoleta (14
g), C. pallida (12 g), Lepidocolaptes squa-
matus (28 g), and Veniliornis spilogaster were
recorded in the smallest patches (Appendix).

Frugivores were rare in small patches of
forest of Amazonia (Bierregaard and Lovejoy
1989) and Sdo Paulo (Willis 1979, Aleixo and
Vielliard 1995). Willis (1979) thought that be-
cause frugivores can easily travel to other
woodlots to look for available resources they
probably disappear from the small woodlots;
they depend on scattered trees of different
species at different seasons or years, and only
large woodlots have enough tree diversity to
support them. Frugivores occurred in all the
patches we studied in the Campos Gerais re-
gion. This ability to easily move between
patches may have prevented their numbers
from declining (although the relative abun-
dance of frugivores in smaller patches was
low, as shown above).

Omnivores, which can switch from fruit to
insects or vice versa, may benefit from small
woodlots of Sdo Paulo (Willis 1979). This
group was represented by the greatest number
of species in the Campos Gerais and tended
to increase its contribution to the avifaunal
composition with decreases in area; the sum
of relative abundance increased from A (6.56)
to G (9.0).
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The present composition of the avifauna in
the patches at the Campos Gerais region is the
result of a long period during which, presum-
ably, many factors have operated. Forest
patches resulting from human disturbance of
a continuous forest are isolated more rapidly.
The effects of isolation on natural and artifi-
cial forest fragments may be different. Ac-
cording to Willis (1979), frugivores seem to
be more sensitive to isolation in woodlots in
Séo Paulo than in those of the Campos Gerais.
But the woodlots studied by Willis (1979) are
larger and more isolated than the patches stud-
ied in Campos Gerais. Thus, a study carried
out under similar conditions is necessary for
a more precise comparative analysis.

Relative abundance.—Vielliard and Silva
(1990) and Aleixo and Vielliard (1995), using
the same census method of point counts in
Sao Paulo, Brazil, obtained a similar pattern
of monthly variation in number of contacts as
we did (Fig. 5). This is probably because Sep-
tember—December is the main period when all
the species are more obvious when they breed
and vocalize (Vielliard and Silva 1990, Aleixo
and Vielliard 1995). There are also summer
transients of some species in the study area
from September to March (Anjos and Graf
1993). Therefore, counts of relative abun-
dance are influenced by vocalization and mi-
gratory behavior. Because censuses were per-
formed monthly in each patch, seasonal vari-
ation was assumed to be the same for all sites,
making comparative analysis possible be-
tween the patches. In addition, because habitat
physiognomy was similar for all of our patch-
es, bias between the sites resulting from dif-
ferences in detection of vocalizations (Schieck
1997) was unlikely.

Density compensation was detected in the
present study for several species. For edge
species the greater relative abundance is prob-
ably due to the relatively greater habitat area
in the smaller patches. Edge species may also
be better colonizers of isolated patches than
forest species.

Decreased competition in smaller patches
could explain density compensation (Ricklefs
and Cox 1978). This seems to be the case for
two leaf insectivores (Thamnophilus caerules-
cens and Parula pitiayumi) and some trunk
insectivores (Veniliornis spilogaster, Lepido-
colaptes squamatus, Cranioleuca obsoleta,
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and C. pallida) in the present study. These
groups decreased in number of species as area
decreased, which could mean fewer competi-
tors. However, documenting that competition
occurs among species is not easy (Wiens
1989).

The “‘habitat appropriation” hypothesis of
Blondel and coworkers (1988; a population
size increases in an island because of an ex-
pansion of habitat occupation) was examined
with two trunk and twig insectivores. Crani-
oleuca obsoleta (x> = 162.72, df = 3, P <
0.05) and C. pallida (x> = 9141, df = 3, P
< 0.05) increased in relative abundance with
decreases in area (Appendix). Points were se-
lected in A and G with either dense or open
understory. The relative abundance of the two
species was calculated in these two habitats
(dense and open understory). Cranioleuca ob-
soleta had a relative abundance of 0.33 in
open understory and 0.08 in dense understory
areas of the 840 ha patch (A) but 2.07 and
1.06, respectively, in the 9 ha patch (G). Cran-
ioleuca pallida was not observed in dense un-
derstory and had a relative abundance of 0.67
in open understory areas of A, and 0.43 and
1.29 respectively in G. This suggests that both
species increase the habitats they use (they
tended to be more abundant in areas of dense
understory in G). These results were consis-
tent with what could be interpreted as the
‘‘habitat appropriation” hypothesis. This
should be considered as a complementary ex-
planation for density compensation. Crani-
oleuca obsoleta also was common with high
relative abundance in another natural patch of
forest in Curitiba city, Parana (Anjos and Lar-
oca 1989).

The causes of density compensation are not
clear but they may be different for each spe-
cies.
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