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In the last four decades forest heterogeneity and habitat
structure has been suggested to play a key role in structuring
avian communities (MACARTHUR et al. 1966, KARR & FREEMARK

1983). Some components of habitat structure or floristic com-
position may determine availability of food, nesting sites, or
refuge from predators, and habitat features are considered to
be crucial components of birds’ niches (PIANKA 1974, WIENS et
al. 1987). Although the effects of habitat heterogeneity on bird
populations and communities have received far more atten-
tion in temperate regions than in the tropics (REY 1995 but see
CINTRA et al. 2006, CINTRA & CANCELLI 2008, BANKS-LEITE & CINTRA

2008), understanding how the structure of tropical forests vary
is important to describe the bird assemblages associated to them,
and to identify the mechanisms that allow high species coex-
istence. Tropical forests, however, are a complex environment
and detecting exactly what components of the vegetation af-
fect bird distribution and abundance is not trivial.

Human-made disturbed forests are a good example of the
importance of forest structure on birds. It has been showed that
selective logging produce strong negative effects on the vegeta-
tion structure, by reducing or increasing tree density, foliage
volume, number of dead trees, amount of leaf litter, and canopy

openness (NEPSTAD et al. 1999). Therefore, it is very likely that
changes in bird species richness and abundance in disturbed
forests are mainly due to changes in some vegetation compo-
nents, which could affect the availability of food resource and
forest microclimatic conditions (JOHNS 1991, GUILHERME & CINTRA

2001, BARLOW et al. 2006). Even primary forests also show a rela-
tively high degree of environmental heterogeneity. The role of
this heterogeneity is mostly unexplored, but can also affect the
abundance and occurrence of birds and explain why there is
such high bird diversity in a given area.

Top predators, such as raptors, are relatively rare in ter-
restrial bird communities and are dependent on some compo-
nents of the habitats for their breeding activities (THROSTROM et
al. 2000). Nesting habitats and the number of available prey
has been demonstrated to affect population density of some
raptor species (NEWTON et al. 1977, VAN DAELE & VAN DAELE 1982).
Earlier studies have shown, for instance, that cavities in trees
can reduce predation and mortality of young raptors (BULL et
al. 1989, BELTHOFF & RITCHINSON 1990). For the spotted owl Strix
occidentalis, nest site location and selection are also related to
forest structure, since the mean diameter of trees is greater in
nesting sites than in random sites (HERSHEY et al. 1998). Addi-
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tionally, owls also use dense vegetation to rest during the warm
and hot days (BARROWS 1981, SWENGEL & SWENGEL 1992) and to
hide from their own predators. Finally, owls use vision more
than audition to capture their prey (MARKS et al. 1999) and,
therefore, in places where the forest canopy is less dense, more
light penetrates to the dark understory, increasing the success
of owls in locating and capturing their prey (CALL et al. 1992).

In the Amazon forest, studies on the effects of forest struc-
ture on the distribution and abundance of owls are still scarce.
Although basic information on owl species and their habitats are
available in few studies (BORGES al. 2004, CINTRA et al. 2007) and in
some very useful local bird lists (e.g. WILLIS 1977, TERBORGH et al.
1984, SERVAT 1996, ZIMMER et al. 1997, COHN-HAFT et al. 1997, BORGES

2003), none of these studies include information on how habitat
structure affects owl occurrence and abundance. To our knowl-
edge, therefore, the present study is the first to analyze the effects
of the Amazon forest structure on owls in a large spatial scale. We
investigated how the forest environmental heterogeneity created
by the variation in some forest structure components affect the
occurrence and abundance of the following three owl species:
the crested owl Lophostrix cristata Daudin, 1800, the Amazon
pygmy owl Glaucidium hardyi Vielliard, 1990, and the tawny-bel-
lied screech owl Megascops watsonii Cassin, 1849. More specifi-
cally, we tested the effects of forest structural components on owl
occurrence and abundance in a pristine Central Amazon forest.

MATERIAL AND METHODS
This study was conducted in the Ducke Reserve, near

Manaus (02º55’-03º01’S, 59º53’-59º59’W), Amazonas state, Bra-
zil. The reserve has an area of 10,000 hectares, and the mean
annual rainfall in the area is 2,286 mm. Most of the rains are
concentrated between November and May, and the dry season
is between June and October. The soil is mainly oxysol, and small
streams are abundant in the area, resulting in a rugged terrain of
lowlands intercalated with plateaus reaching an altitude of up
to 140 m (RIBEIRO et al. 1999). There is a large plateau in the
middle of the reserve separating two drainage water-basins, one
of black water on the west side, and transparent clear water on
the east side (RIBEIRO et al. 1999). The vegetation of the area is
mainly primary terra firme forest (RIBEIRO et al. 1999). The reserve
is connected to a continuous forest on the east side.

We surveyed the owls by walking slowly (1.5 km/h) and
quietly along 18 transects, which were parallel 8 km trails, 1 km
apart from one another, nine running east-west and nine north-
south, located on a trail grid which covers 6,400 ha of the re-
serve. All trails are numbered and marked every 100 m. We con-
ducted night surveys for the following species: the crested owl
Lophostrix cristata, the Amazon pygmy owl Glaucidium hardyi,
and the tawny-bellied screech owl Megascops watsonii. Lophostrix
cristata is widely distributed in the Americas and probably in the
Amazon forest, whereas G. hardyi and M. Watsonii are widely
distributed in the Amazon forest (HILTY 2003).

Methods based on vocalizations have been widely used to

estimate occurrence and density of nocturnal raptors, and re-
cording their vocalizations has been the most accurate way of
detecting them (SPRINGER 1978, ROCHA & RANGEL-SALAZAR 2001).
We decided to use a mix of point count and spot mapping tech-
niques, recording owl positions by their vocalizations instead of
using playback. These procedures were adopted to reduce the
chances of recording the same individuals twice, which would
overestimate their density. The surveys were done between July
of 2001 and April of 2002, during two weeks a month, mostly
under open sky conditions and half to full moon. We did some
preliminary surveys that indicated that owls were apparently
more active and vocalizing during these two phases of the moon.
We spent two weeks a month doing surveys to record the owls,
walking 4 km every night from 07:00 to 11:00 pm, and covering
all 18 transects in the trail grid (see Fig. 1).

During the surveys, we stopped for two minutes every
100 m along transects to listen, locate, identify and record all
owls heard within 50 m on either side of the transects. For
each owl detected, we recorded the following information: date
and hour, owl species, trail number, and owl position along
the trail. Sometimes in the same night and sometimes in the
following week while passing through to surveys further blocks,
we revisited those 50 x 50 m plots where no owls were detected
at least twice to listen and check whether any owls were present.
Our index of owl abundance represented the total number of
individuals recorded for each species.

We staked out 50 x 50 m plots at each spot where owls
were recorded and control plots of same area where owls were
absent, located at least 200 m away from plots where owls had
been recorded, in order to minimize potential effects of increas-
ing similarity in vegetation structure due to short distances
among plots. We used four 50 m metric tapes to mark off the
perimeter of the plots within which we recorded the following
components of forest structure and landscape: plot distance from
the nearest stream, altitude, leaf litter depth, percentage of for-
est canopy opening, number of logs, number of snags, and num-
ber of trees. We believe the variables selected are important be-
cause: (a) owls depend on vertical support or three trunks for
foraging, therefore areas with more trees could be more attrac-
tive to owls; (b) the abundance of logs and snags may provide
more area for foraging and nesting; (c) although owls are essen-
tially arboreal, some species capture their prey on the forest floor,
therefore, areas with more leaf litter may denounce owl’s prey
by noise; (d) as the canopy opening increases it allows higher
light incidence and illuminates more the forest understory, mak-
ing potential preys more visible for owls; (e) sites near streams
are more humid and may have higher abundance of preys than
sites away from streams, and (f) soil components are directly
related to altitude, which affect the whole vegetation in the area.

The information on the distance from the nearest streams
was obtained from a map of topographic cotes of the Ducke
Reserve. The distances were measured using a metric tape marked
in centimeters, from the plot’s position to the nearest stream,
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and converting the distances according to the map scale. Only
streams larger than 1 m in width were considered, because the
forest is open enough at their banks to permit owls to use or fly

along them. Data on altitude were obtained when the trails were
open in 1997, and from topographic cotes recorded by a topo-
graphic team using theodolite and clinometer.

Figures 1-3. Occurrence of individuals of three owl species: (1) the crested owl L. cristata; (2) the Amazon pygmy owl G. hardyi; (3) the
tawny-belied owl M. watsonii. Each bird recorded represented by a filled circle along the trail system of Reserva Ducke, Brazilian Amazon.
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The leaf litter depth was recorded by inserting a knife
blade on the forest floor and counting the number of impaled
dead leaves. We recorded the leaf litter layers at the four cor-
ners and the center of twenty-one 1 m2 subplots located 10 m
equidistant from one another. Twenty subplots were distrib-
uted along the sides, and one was at the center of each 50 x 50
m plot. For the analysis, we used mean values of leaf litter depth
per 50 x 50 m plot.

To record variations in the canopy opening, we used a
spherical crown densiometer (concave, mode C – Robert E.
Lemonn, Forest Densiometer, 5733 SE Cornell Dr. – Bartlesvile,
OK, USA). We registered canopy opening four times (one in each
direction of the four cardinal points) in each corner and at the
center of the 50 x 50 m plots. The raw values recorded in the field
were then multiplied by 1.04, as recommended in the technical
guide of the spherical crown densiometer. In the analysis, we used
the mean values of the percentage of canopy opening per plot.

In the 50 x 50 m plots, we counted all forest logs on the
forest floor, which were longer than 1 m and with diameters
greater than 20 cm. The total number of logs recorded per plot
represented an index of forest log abundance in the analysis.
All snags with diameter at breast height (DBH) above 20 cm
were counted inside the 50 x 50 m plots. For the analysis, the
total number of snags/plot was used as an index of snag abun-
dance. All trees with DBH greater than 15 cm were counted in
the 50 x 50 m plots. The reason for measuring only trees with
diameter at breast height above 15 cm is that they are large
enough for owls to perch, rest or nest. In the analysis, the total
number of trees/plot was used as an index of tree abundance.

For each owl species, we ran Pearson correlation matrix
analysis to test for correlations among the forest structure com-
ponents (independent variables). The effects of the forest struc-
ture components on the occurrence of owls were evaluated with

models of logistic regression using the SYSTAT 8.0 program
(WILKINSON 1998). This analysis is indicated in cases where the
dependent variable is categorical (owls present = 1 and absent = 0).
For this part of the analysis we have included all 60 records of two
owl species (Lophostrix and Glaucidium) and 30 records of the other
species (Megascops). To analyze the effects of each forest structure
component on the abundance of each owl species, we constructed
multiple linear regression models, also using the SYSTAT 8.0 pro-
gram (WILKINSON 1998). Only those 8 km transects which have
minimum of one owl were included in the analysis, therefore 16
transects were considered for Lophostrix and Megascops and 17
transects for Glaucidium. To verify potential problems of residual
analysis in multiple regressions we used a graphic method called
partial residual plot, available in the statistical program “R”. The
same program was also used to evaluate multicolinearity. There-
fore, to verify possible linear relationships among predicting vari-
ables, we estimated the variance inflation factor which calculates
the level of multicolinearity (FOX 2002).

RESULTS

Variation in the forest structure components
The mean abundance of forest trees (> 10 cm DAP) was

135.3 (range 62-235), the mean abundance of logs was 11 (range
3 - 38), and the mean abundance of snags was 5.1 (range 0-11).
The leaf litter depth ranged from 1.4 to 4.8 layers, and the mean
was 3.4 layers. The mean percentage of canopy opening was
9.3% (range 2.6-19.4%). The mean altitude was 75.6 m (range
38.7-114.7 m). The mean distance to the nearest stream was 209.2
m (range 0 – 571 m). The results of the correlation among all of
these variables are presented separately for each owl species in
tables I, II, and III, and those significantly correlated were not
included together in the same regression models (see below).

Table I. (A) Pearson correlation matrix for the forest structure components recorded in areas with L. cristata along the 18 transects of 8
km length at Ducke Reserve, Central Amazon. (B) Pearson correlation matrix for the forest structure components recorded in 120 areas,
60 of them with and 60 without L. cristata (see methods).

Abundance
of trees

Abundance
of logs

Abundance
of snags

Leaf litter depth
Canopy opening

(%)
Altitude

(m)

A

Abundance of logs  -0.376 **

Abundance of snags  0.273   -0.146

Leaf litter depth  -0.250  0.106  -0.328 *

Canopy opening  -0.217  0.322  -0.255  -0.107

Altitude  0.187  -0.082  0.136  0.059  -0.128

Distance to the nearest stream  0.046  0.069  -0.019  0.139  0.005  0.502

B

Abundance of logs  -0.381**

Abundance of snags  0.225  -0.126

Leaf litter depth  -0.169  0.085  -0.315*

Canopy opening  -0.167  0.348**  -0.286*  -0.027

Altitude  0.168  -0.060  0.257  -0.031  -0.181

Distance to the nearest stream  0.055  0.104  0.023  0.092  -0.020  0.490**

* p < 0.05, ** p < 0.001; resulting from the Bonferroni probability matrix.
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Table II. (A) Pearson correlation matrix for the forest structure components recorded in areas with G. hardyi along the 18 transects of 8
km length at Ducke Reserve, Central Amazon. (B) Pearson correlation matrix for the forest structure components recorded in 120 areas,
60 of them with and 60 without G. hardyi (see methods).

Abundance
of trees

Abundance
of logs

Abundance
of snags

Leaf litter depth
Canopy opening

(%)
Altitude

(m)

A

Abundance of logs  -0.405*

Abundance of snags  0.364 *  -0.144

Leaf litter depth  -0.198  0.018  -0.099

Canopy opening  -0.231  0.280  -0.460 **  -0.100

Altitude  0.192  0.010  0.403 **  -0.193  -0.092

Distance to the nearest stream  0.234  0.004  0.218  0.057  -0.023  0.361*

B

Abundance of logs  -0.371

Abundance of snags  0.224**  -0.065

Leaf litter depth  -0.064  -0.012  -0.126

Canopy opening  -0.168  0.256  -0.430**  -0.066

Altitude  0.122  -0.061  0.351**  -0.148  -0.101

Distance to the nearest stream  0.131  -0.020  0.207  0.111  -0.070  0.414**

* = p < 0.05, ** = p < 0.001 resulting from the Bonferroni probability matrix.

Table III. (A) Pearson correlation matrix for the forest structure components recorded in areas with M. watsonii along the 18 transects of
8 km length at Ducke Reserve, Central Amazon. (B) Pearson correlation matrix for the forest structure components recorded in 120 areas,
60 of them with and 60 without M. watsonii (see methods).

Abundance
of trees

Abundance
of logs

Abundance
of snags

Leaf litter depth
Canopy opening

(%)
Altitude

(m)
A Abundance of logs  -0.199

Abundance of snags  0.337  0.097

Leaf litter depth  -0.405 *  0.127  -0.459 **

Canopy opening  -0.126  0.369  -0.368  0.245

Altitude  0.090  -0.230  0.303  -0.175  -0.451 **

Distance to the nearest stream  0.070  0.021  0.062  0.216  -0.090  0.359

B Abundance of logs  -0.250

Abundance of snags  0.242  0.111

Leaf litter depth  -0.367  0.197  -0.443**

Canopy opening  -0.167  0.386*  -0.405*  0.325

Altitude  0.128  -0.253  0.333  -0.263  -0.487**

Distance to the nearest stream  0.174  0.048  0.049  0.221  -0.108  0.390*

* = p < 0.05, ** = p < 0.001 resulting from the Bonferroni probability matrix.

Effects of forest structure on the occurrence and
abundance of L. cristata

Lophostrix cristata was widely distributed in the reserve and
throughout most of the eighteen 8 km transects (Fig. 1, Tab. IV).
Most of the individuals occurred in the northeastern (33% in
the Tinga drainage water-basin) and southwestern (29% in the
Bolivia drainage water-basin) parts of the reserve (Fig. 1). The
occurrence of L. cristata was significantly affected by the abun-
dance of snags and not significantly affected by the rest of the
forest structure components (Fig. 4, Tab. V). The abundance of
forest trees was significantly correlated to the abundance of logs
(see Tab. I), thus these variables were not included in the same

regression model together with the others forest components.
We then run a separated analysis for the abundance of forest
trees and found out no significant effects of this variable on L.
cristata occurrence (simple logistic regression, MacFadden’s Rho-
squared �2 = 0.0009, N = 120, T = -1.231, p = 0.218).

The abundance of L. cristata varied from 0 to 22 individu-
als in each 8 km transect (N = 16), and it was not affected by the
abundance of forest logs, altitude, leaf litter depth, canopy open-
ing, and tree abundance (Tab. V). However, there was a positive
relationship between the abundance of L. cristata and abundance
of snags, indicating higher concentration of this species in areas
with higher abundance of snags (Fig. 5). As stated before, the
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abundance of forest trees was significantly correlated to abun-
dance of logs (Tab. I). We then run a separated analysis for the
abundance of forest trees and found out no significant effects of
this variable on L. cristata abundance (simple linear regression,
r2 = 0.0001, N = 16, F1,14 = 0.001, p = 0.992).

Effects of forest structure on occurrence and
abundance of G. hardyi

Glaucidium hardyi also showed ample spatial distribution
in the Ducke Reserve (Fig. 2). The occurrence of G. hardyi was
not significantly affected by the abundance of snags, distance
to the nearest forest stream, abundance of forest logs, leaf lit-
ter depth, and altitude (Tab. VI). However, there was a positive
and significant relationship between the occurrence of G. hardyi
and the canopy opening (Fig. 6 and Tab. VI). The abundance
of forest trees was significantly correlated to abundance of logs
and abundance of snags (see Tab. II), therefore, it was not in-
cluded in the same regression model together with the others
forest components. We then run a separated analysis for the
abundance of forest trees and found out no significant effects
of this variable on G. hardyi occurrence (simple logistic regres-
sion, MacFadden’s Rho-squared �2 = 0.0001, N = 60, T = -0.068,
p = 0.946).

We recorded 93 individuals of G. hardyi along the eigh-
teen 8 km transects in the reserve, and the abundance ranged
from 0 to 11 individuals in each 8 km transect (N = 17). None
of the forest structure components have significantly affected

the abundance of the G. hardyi (Tab. VI). Because the indepen-
dent variables tree abundance and distance to the nearest stream
were significantly correlated with the others as showed by the
results of Pearson correlation matrix (Tab. II), we used them in

Figures 4-5. (4) Descriptive curve generated by the logistic regression
showing the relationship between L. cristata occurrence and
abundance of snags (the results corresponds to that in table V). (5)
Partial of multiple linear regressions on L. cristata abundance in relation
to the abundance of snags. Some numbers in the axes are negative
because the partial regression represents the deviation of the expected
results if all the other independent variables are kept constant in
their observed means. We presented graphs only for those forest
components that had significant effects on bird abundance.

4

5

Table IV. Abundance of owls surveyed along the eighteen 8 km
transects at Ducke Reserve, central Amazon.

Transect
Owl species

Total
L. cristata G. hardyi M. watsonii

T1  6  4  2  12

T2  9  5  1  15

T3  4  2  2  8

T4  7  5  2  14

T5  13  9  2  24

T6  22  9  8  39

T7  11  4  3  18

T8  11  7  4  22

T9  0  1  2  3

T10  0  3  2  5

T11  8  11  1  20

T12  10  10  2  22

T13  6  2  2  10

T14  9  5  3  18

T15  13  3  4  20

T16  11  7  8  26

T17  5  6  6  17

T18  1  0  0  1
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Figure 6. Descriptive curve generated by the logistic regression
showing the relationship between G. hardyi occurrence and canopy
opening (the results corresponds to that in table VI).

two separated simple linear regression models to evaluate their
effects on G. hardyi abundance. None of them influenced the
abundance of G. hardyi (tree abundance, r2 = 0.171, N = 17, p =
0.099; distance to the nearest stream, r2 = 0.057, N = 16, p =
0.356).

Effects of forest structure on the occurrence and
abundance M. watsonii

Most of the 54 individuals of M. watsonii (53%) were re-
corded in the southeastern part of the reserve, which corresponds
to the area of Ipiranga water-basin drainage (Fig. 3). Since the
independent variable leaf litter depth was significantly corre-
lated to abundance of forest trees and abundance of snags, and
altitude was correlated to forest canopy opening (Tab. III), their
effects on M. watsonii occurrence were analyzed in two separate
models (see below). The occurrence of M. watsonii was not sig-
nificantly affected by the abundance of snags, the abundance of
trees, the canopy opening, abundance of forest logs, distance to
nearest forest stream (Tab. VII). Note that for this owl species
tree abundance and distance to nearest forest stream were not
significantly correlated (see Tab. III). Therefore, these variables
were included together in the same regression model. However,
leaf litter depth was correlated with abundance of trees and snags,
and altitude was correlated to forest canopy opening (see Tab.
III). Therefore we used leaf litter depth and altitude in separated
models, and found out that the occurrence of M. watsonii was
not significantly affected by the canopy opening (�2 = 0.006, N
= 30, T = -0.691, p = 0.490) and altitude (�2 = 0.001, N = 30, T =
-0.200, p = 0.842). The abundance of M. watsonii ranged from 0
to 8 individuals in each 8 km transect (N = 16). Leaf litter depth
was significantly correlated to abundance of forest trees and
snags, so it was altitude correlated to canopy opening (Tab. III),
they were not included in the same regression models with the
others forest components (Tab. VII). There were positive rela-
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Table V. Results of the multiple logistic regression for frequency of use (occurrence) of different sites in the forest by L. cristata (categorical
variable 0 = owl absent, 1 = owl present) and results of the multiple linear regression for owl's abundance in relation to the forest structure
components and features of landscape.

Occurrence �2 N T p

Model 1

Abundance of trees 0.027 120  -0.205 0.838

Abundance of snags 0.027 120 1.959 0.050

Distance to the nearest stream 0.027 120 0.659 0.510

Model 2

Leaf litter depth 0.021 120  -0.809 0.419

Canopy opening 0.021 120  -1.046 0.296

Altitude 0.021 120 1.099 0.272

Abundance R2 N T p

Model 1

Canopy opening 0.318 16 0.629 0.540

Abundance of snags 0.318 16 2.459 0.029

Model 2

Abundance of logs 0.248 16 0.530 0.606

Leaf litter depth 0.248 16  -1.200 0.255

Distance to the nearest stream 0.248 16 0.609 0.555

Altitude 0.248 16 0.402 0.696
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tionships between the abundance of M. watsonii and the abun-
dance of snags and abundance of forest trees (Fig. 7 and Tab.
VII). There was also a negative relationship between the abun-
dance of M. watsonii and the leaf litter depth (Fig. 7 and Tab.

VII). However, the abundance of M. watsonii was not affected by
the canopy opening, abundance of logs, and proximity of streams
(Tab. VII). Finally the abundance of M. watsonii was influenced
by altitude (r2 = 0.209, N = 16, F = 4.240, p = 0.05).

Table VI. Results of the multiple logistic regression for frequency of use (occurrence) of different sites in the forest by G. hardyi (categorical
variable 0 = owl absent, 1 = owl present) and results of the multiple linear regression for owl's abundance in relation to the forest structure
components and features of landscape.

Occurrence r2 N T p

Model 1

Abundance of trees 0.041 60 0.344 0.731

Abundance of snags 0.041 60 0.175 0.861

Leaf litter depth 0.041 60 0.120 0.904

Canopy opening 0.041 60 2.073 0.038

Distance to the nearest stream 0.041 60 0.094 0.925

Model 2

Abundance of logs 0.007 60  -0.781 0.435

Altitude 0.007 60  -0.244 0.808

Abundance R2 N T p

Model 1

Abundance of snags 0.128 17 0.719 0.484

Canopy opening 0.128 17 1.215 0.244

Model 2

Abundance of logs 0.169 17  -1.271 0.228

Leaf litter depth 0.169 17  -0.484 0.637

Altitude 0.169 17  -0.543 0.597

Table VII. Results of the multiple logistic regression for frequency of use (occurrence) of different sites in the forest by M. watsonii
(categorical variable 0 = owl absent, 1 = owl present) and results of the multiple linear regression for owl's abundance in relation to the
forest structure components and features of landscape.

Occurrence �2 N T p

Model 1

Abundance of trees 0.037 30 0.203 0.839

Abundance of logs 0.037 30  -0.301 0.764

Abundance of snags 0.037 30 1.236 0.216

Leaf litter depth 0.037 30  -0.179 0.858

Distance to the nearest stream 0.037 30  -0.439 0.661

Abundance R2 N T p

Model 1

Abundance of snags 0.701 17 3.018 0.013

Abundance of trees 0.701 17  -2.185 0.054

Canopy opening 0.701 17  -1.639 0.132

Model 2

Abundance of logs 0.442 17  -0.828 0.425

Distance to the nearest stream 0.442 17 0.788 0.448

Leaf litter depth 0.442 17  -2.170 0.053
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DISCUSSION

The results of this study indicate that the environmental
heterogeneity produced by isolated or combined effects of for-
est structural components can influence the occurrence and
abundance of some owl species in Central Amazon forest. How-
ever, not all owl species were affected in the same way. The
crested owl Lophostrix cristata occurrence was affected only by
the abundance of snags, the Amazon pygmy owl Glaucidium
hardyi occurrence was affected by the canopy opening, and M.
watsonii abundance was affected by snag abundance, forest tree
abundance, and leaf litter depth (Tabs V-VII, Figs 4-7). On a
larger spatial scale, the relief seems to be important for owl
occurrence and abundance. Both L. cristata and G. hardyi oc-
curred mainly along the plateaus of the reserve (Figs 1 and 2).
Whether these habitat features (forest structure components
and local terrain ruggedness) are considered to be crucial com-
ponents of birds’ niches (PIANKA 1974, WIENS et al. 1987) needs
further investigation. Nevertheless, other bird species abun-
dance and changes in bird community compositions in rela-
tion to changes in the forest structure in Central Amazon for-
est has also been recently documented (see below, and CINTRA

& CANCELLI 2008, BANKS & CINTRA 2008).
Owls generally are opportunistic birds in the use of the

resources available, and their frequent use of areas with high
abundance of snags may be a consequence of the use of dead
or alive trees in their activities (BUCHANAN et al. 1993). At Ducke
Reserve we found that the abundance of both L. cristata and M.
watsonii was directly related to the abundance of forest snags,
suggesting that these owls seem to use preferentially areas in
the forest with higher density of snags. Snags can be used by

owls for building nests in natural cavities (BUCHANAN et al. 1993).
However, the use of snags for nesting is not always favorable.
THROSTROM et al. (2000) found that species that usually build
their nests in cavities of snags are negatively affected by nest
predation. The authors suggested that nest predators visit snags
more often when they are searching for food. For the screech
owl Megascops asio, for example, nest cavity dimension is also
important since it has been demonstrated that the deeper the
nest cavity, the lower the juvenile predation (BELTHOFF &
RITCHINSON 1990).

ROCHA & RANGEL-SALAZAR (2001), studying owls in the La
Selva Biological, Costa Rica, found that tree density, forest gaps,
and proximity to roads were important variables affecting the
abundance of vermiculated screech-owl Megascops vermiculatus
and L. cristata. Number of fallen trees was important for the
mottled owl Strix virgata, and canopy height for the black-and-
white owl S. nigrolineata. ROCHA & RANGEL-SALAZAR (2001) found
that detection of L. cristata and S. virgata increased in less illumi-
nated areas in the forest. The calling activities of the three owl
species were associated with the moon phase, and were also cor-
related with the season of the year. In our study area, G. hardyi
seems to prefer more open areas in the forest (Tab. VI, Fig. 6).

Some owls’ species may move to other areas when local
conditions are limited. For example, the eastern screech owl
Megascops asio has seasonal habitats, and it has been suggested
that this behavior is related to the decrease in the litter depth
and fall of leaves, which have a direct effect on the number of
cacheable prey (SMITH & GILBERT 1984, SPARKS et al. 1994). At
Reserva Ducke, the higher abundance of M. watsonii in areas of
shallow leaf litter may also be related to this owl species’ forag-
ing behavior. This species often hunts flying from a perch to

Figure 7. Partials of multiple linear regressions on abundance of the tawny-belied owl M. watsonii in relation to abundance of snags,
abundance of trees and leaf litter depth. Some numbers in the axes are negative because the partial regression represents the deviation
of the expected results if all the other independent variables are kept constant in their observed means. Because we presented graphs
only for those forest components that had significant effects on bird abundance and each of them were constructed with data from
different multiple regression models with various forest structure components, the number of the partials of the regressions within
parenthesis are the same in the two graphs.
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the ground. Because areas of shallow litter tend to have less
debris (dead twigs and leaves), the detection and capture of
preys on the ground would be easier. For some owls’ species in
the northern hemisphere, the variation in the amount of
ground cover, such as litter and wood debris, was found to be
related to the number of the available prey (MCINVAILLE & KEITH

1974, VILLAGE 1982, SMITH & GILBERT 1984, SPARKS et al. 1994).
At Ducke Reserve, M. watsonii was more often recorded

in areas with higher abundance of trees, which seems to con-
tradict the results mentioned earlier, because areas with more
trees would be expected to produce more litter fall. However,
most of the tree species in our study area are not deciduous
during the dry season (RIBEIRO et al. 1999). We believe that this
owl species is more frequent in areas of higher tree density
because they tend to use more closed and shaded areas and tall
trees for nest construction and roosting (MARKS et al. 1990). In
fact, vegetation structure seems to be more important for some
owl species to select spots for rest and breeding rather than
feeding. For instance, the spotted owl Strix occidentalis build
their nests in forest areas with higher number of trees and more
closed canopy, perhaps to confuse those predators when search-
ing for food in tree cavities (GANEY & BALDA 1989, 1994, CALL et
al. 1992). The long-eared owl Asio otus builds its nests in areas
with closed canopy, and this behavior seems to reduce preda-
tion on their juveniles (BULL et al. 1989). The flammulated owl
Otus flammeolus in New Mexico prefers areas under lower num-
ber of shrubs around the nests; this behavior is consistence
with low profile flights close to the ground while tending to
the nest (MCCALLUM & GEHLBACH 1988).The availability of areas
for shelter and rest during the day could be another reason
why M. watsonii uses areas with higher tree abundance at Re-
serve Ducke. Individuals of this species use closed and dense
forests more often probably because they are more able than
other species to fly maneuvers in areas with many obstacles.

Individuals of M. watsonii were found in most of the south-
eastern area of the Reserve (Fig. 3), where the ruggedness of the
terrain is accentuated. This is not a particular preference of this
species only. In areas of accentuated forest floor inclination, the
canopy of a given tree may be closer to the ground than those
from plateau areas, and this may help the owl to surprise and, in
a short flight, catch more ground preys in these areas. However,
this might not be a behavior showed exclusively by tropical owls.
In the forested mountains of Arizona, it has been found that
spotted owl occurs mainly in forests with closed canopy, which
are more common along canyons (GANEY & BALDA 1989, 1994).

The availability of preys and their density may affect den-
sity and habitat use by many raptors, including the spotted owl
Strix occidentalis (CAREY et al. 1992, ZABEL et al. 1995, WARD et al.
1998). In the Amazon forest, KILTIE (1981) found that rodents
hide seeds and fruits near forest logs, and often return to the
same spots to recover them. The increase in rodent movements
around forest logs may attract the attention of owls, which may
use the areas more often than those without logs because of the

ease of detecting and capturing prey there. Individuals of G.
hardyi were widely distributed at Reserva Ducke (Fig. 2), and also
occurred more often near streams. The use of areas near forest
streams by this species could be related to capture of prey. Forest
canopy along the streams is more open and may help long fly-
ing and gliding movements for locomotion and hunting. At the
Reserve, a relatively high number of small, semi-aquatic and ter-
restrial rodents, birds, frogs, lizards, and other potentials prey
are associated with aquatic environments. In Finland, it was
found that the high proportion of bodies of water was related to
a higher percentage of rodents (Arvicola terrestris) in the diet of
the Ural owl Strix uralensis (KORPIMÄKI & SULKAVA 1987).

Finally, our results indicate that the environmental het-
erogeneity of the forest through its forest structure components
at the local and regional levels (large spatial scale) can be de-
terminants to explain the occurrence and abundance of owl
species in a given area. We also found that the way habitat
structure affects owls was species dependent. Although the for-
ested area of city around the reserve is decreasing every year
due to the rapid urban growth of Manaus, we think that the
populations of the three owl species seem to be relatively in-
tact. Lophostrix cristata may be one of the least known among
the 178 species of owl recognized in the world, and in the
Amazon region, it is associated with mature forest (terra firme
forest) for roosting and nesting. However, the protection of
the forest in the reserve, through the prevention of human
invasion and deforestation, is important, because habitat loss
is probably the main factor affecting populations of tropical
rain forest birds (BIERREGAARD & LOVEJOY 1989, JOHNS 1991).
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