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Abstract We examined nesting behavior in monk para-
keets (Myiopsitta monachus) in their native habitat in the
Brazilian Pantanal. Unique among parrots, monk parakeets
build communal nest structures that contain many cavities,
each belonging to an individual pair. We studied 41 para-
keet colonies that had 104 nest structures. We hypothesized
that nest structures would be located in trees providing the
greatest support and protection from predators and inclem-
ent weather, and that nest sites and nest cavities would
differ from random locations with respect to tree char-
acteristics, location of houses, and presence of jabiru stork
(Jabiru mycteria) nests, as suggested anecdotally by other
authors. Fewer than half of the colonies were close (<350 m)
to houses. There was a strong association with jabiru storks;
21 of 23 stork nests had monk parakeet nest cavities at-
tached, accounting for 51% of parakeet colonies. Of the
21 jabiru-associated colonies, 6 had additional parakeet
structures and 15 had only the jabiru-attached parakeet
structure. Monk parakeet colonies associated with jabiru
nests had significantly more nesting cavities than did mono-
specificmonk parakeet colonies, duemainly to those attached
directly to the jabiru nest. In jabiru-associated colonies, par-
akeet nest structures were located higher and in taller trees
than in monospecific colonies. There was no difference in
trunk diameters of parakeet nesting trees with or without
jabirus. Although we tabulated 24 tree species as nest trees,

nearest-neighbor trees, or matched-point trees, only 6 spe-
cies were used for nesting. When compared to matched
points, monk parakeet structures were preferentially locat-
ed in piuva (Tabebuia spp.) and mandovi trees (Sterculia
apetela). Parakeet structures were in taller trees with thicker
trunk diameters than matched points. Most nest cavities
(71%) faced in a northerly direction (northwest to north-
east), away from cold southerly winds. Choice of a nest
site and orientation appears to reflect structural, weather,
and predator constraints. Thick, tall trees with stout branches
provided stable sites for their large nest structures, which
are known to collapse because of their own weight and
strong winds. Nesting with jabirus confers structural ad-
vantages (they could attach many nests to the bottom of
the jabiru nest, potentially gaining benefits from social fa-
cilitation), early warning, and predator defense.

Keywords Monk parakeet . Colony selection . Nest site
selection . Jabiru mycteria . Anti-predator

Introduction

Despite their bright plumage, noisy social behavior, general
appeal, and avicultural popularity, there are relatively few
studies of ecology and nesting behavior of wild parrots
(Gilardi and Munn 1998), most species of which nest soli-
tarily in tree cavities. There is more information on the
breeding biology of monk parakeets (Myiopsitta mona-
chus) than for most other parrots (Eberhard 1998). Rather
than nesting in cavities, this widespread and abundant neo-
tropical species is unique among parrots in building large
conspicuous communal nest structures of tightly inter-
twined and usually thorny sticks (Spreyer and Bucher
1998). These unique nests attracted the attention of many
naturalists, including Darwin (1839). In South America,
nest structures with up to 100 pairs have been reported
(Naumberg 1930), although in Argentina, maximums of 6
and 12 pairs have been reported (Holland 1892; Hudson
1920). Further, monk parakeets use their nests throughout
the year (Navarro et al. 1992; Eberhard 1996, 1998), re-
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pairing and reusing them year after year. Not only do the
parakeets build communal structures, but the structures them-
selves are often clustered, forming colonies. Monk parakeets
have been introduced to the United States and Europe where
they thrive despite official persecution aimed at exotic spe-
cies in general, and putative agricultural pests in particular
(Neidermyer and Hickey 1977). Monk parakeets have been
identified as serious agricultural pests in their native range
in South America, with periodic intensive but unsuccessful
eradication attempts (Wetmore 1926; Forshaw 1973;Gochfeld
1973; Bucher et al. 1991).

A number of species of parrots and parakeets have be-
come established in the warmer regions of the United
States, such as Florida, Texas, and California, due to inten-
tional or accidental releases from the pet trade (Neidermyer
and Hickey 1977; Beissinger and Snyder 1992; Garber
1993; Pruett-Jones and Tarvin 1998). Among more than a
dozen established species, the monk parakeet occurs the far-
thest north, breeding sporadically from Wisconsin to New
York south to Florida, and it has increased dramatically,
aided by nesting on tall structures and visiting bird feeding
stations (VanBael and Pruett-Jones 1996). Comparing the
biology and behavior of exotic species in their native lands
with places where they are invaders has become important
because of their potential economic impact and ecological
effects on native species (Temple 1992).

In the past century, despite sporadic control efforts, the
monk parakeet has greatly expanded its range in South
America, abetted by deforestation, predator elimination,
and planting of eucalyptus trees (Eucalyptus spp.; Juniper
and Parr 1998). Eucalyptus trees were introduced to Argen-
tina in the mid-1800s, and due to their rapid growth, they
were widely planted by the end of that century. Although
the parakeet was originally associated mainly with wooded
islands on the pampas and pantanal, with gallery forest
(Naumberg 1930) and with acacia-studded savannahs (Serie
and Smyth 1923; Friedmann 1927), it quickly adapted to
artificial woodlands around human habitation, where it is
still common (Spreyer and Bucher 1998).

In this article we examine nesting behavior and nest site
selection in monk parakeets breeding in the Pantanal region
of Brazil, where many colonies are associated with jabiru
storks (Jabiru mycteria). We were particularly interested in
the relationship of monk parakeets with jabirus and with
human habitation. We test the following hypotheses:

1. There are no differences in the number of colonies, nest
structures, and nest cavities as a function of proximity
to human habitation, or association with jabiru nests.

2. There are no differences in trees used, or in site char-
acteristics, of monk nest structures in colonies with
jabiru nests compared to colonies without jabiru nests.

3. There are no differences in size of parakeet nest struc-
tures attached to jabiru nests compared with structures
not attached to jabiru nests.

4. There are no differences in tree species or in site char-
acteristics of trees with monk nest structures compared
to matched points nearby.

5. The directions nest cavities face do not differ from
random (i.e., an equal number of nest cavities face in
north, south, east and west directions).

Methods

Species and study site

Monk parakeets are common in the lowlands of Bolivia,
southern Brazil, Paraguay, Uruguay, and northern and cen-
tral Argentina. They nest inmany different habitats (Martella
and Bucher 1990; Navarro et al. 1992; Martin and Bucher
1993), including suburban and urban areas (Garber 1993;
Stevenson and Anderson 1994; Sol et al. 1997).

We studied parakeet nesting behavior in the Pantanal of
Mato Grosso state, Brazil, south of Poconé. The rainy sea-
son begins in November with about 1,000–1,400 mm of
rain falling, mainly in December–January. During our study
at the end of the dry season (October 2003), monk para-
keets were just beginning to nest, making this an ideal time
to study behavior, nest structure, and nest cavity placement
because the birds were actively building nests and gen-
erally only one pair was using each nest cavity (Navarro et
al. 1992). Further, since reproductive success declines with
laying date (Navarro et al. 1995), we wanted to ensure that
we were examining the optimal sites (rather than those
started late in the nesting season). Also, since many of
the deciduous trees were leafless at this season, it facili-
tated finding structures.

The Pantanal is a vast seasonal wetland area that is
mainly agricultural (cattle grazing) with widely dispersed
fazendas (farms) and small patches of forest (see Oliveira
and Marquis 2002). It is inundated during the rainy season,
requiring the relocation of cattle to higher ground. We stud-
ied parakeets in a relatively isolated area with low human
visitation (Fazenda Caranda 16° 24.546′ S; 57° 0.265′ W)
and in a more disturbed area along the Transpantaneira (the
main road through the Pantanal south from Poconé to the
Rio Pixaim about 16° 44′S).Wewere based at two fazendas:
Pouso Alegre (16° 30.572′ S; 56° 44.394′W), and Pousada
Piuval (16° 25.104′ S; 56° 37.643′ W). Pouso Alegre is
about 5 km west of the Transpantaneira at km 33 and
Pousada Piuval is 3 km east of the road at km 10 (both
measured from Poconé). The road to Caranda was mostly
a jeep track passing through a number of ranches with
cattle and cattlemen in evidence. In contrast, the disturbed
area along the well-graded Transpantaneira was dotted
with numerous ranches and was wetter than at Caranda,
with small streams, pools, and a few larger open water
areas with numerous wading birds. The Transpantaneira is
a popular tourist route, but because it was not prime tourist
season, only three to six vehicles passed us per hour.

Nest finding

Using both horses and a four-wheel drive vehicle, we rode
along established roads, on tracks through the grassland,
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and across open stretches of grassland in search of nesting
monk parakeets and jabiru storks. We defined a monk
parakeet nest structure as a stick nest with one or more
parakeet nest cavities that was attended by at least one par-
akeet during a half-hour observation period. Some colonies
had only one structure with multiple cavities; other colonies
had two or more nest structures in close proximity to one
another. If a nest structure was more than 200 m from the
nearest structure, it was considered a separate colony.
Spacing within and between structures was determined in
large part by the spacing of trees. The 200 m distance was
selected because the parakeets did not respond to human
intruders at this distance.

We observed four types of monk parakeet nest colonies:
(1) solitary nest structures with no others within 200 m
(n=10); (2)monospecific colonies that contained onlymonk
parakeet nest structures (n=10); (3) jabiru-attached parakeet
nests woven into the base of the stork nest and no other nest
structures within 200 m (n=15); (4) jabiru-associated colo-
nies, with monk parakeets nesting under the stork nest
(jabiru-attached), with other nest structures in nearby trees
(n=6). We examined the frequency of these four colony

types, the mean number of nest structures per type, and the
mean number of nest cavities per nest structure, as well as
characteristics of nest placement.

Variables used

Using our odometer, a global positioning system (GPS)
device, range finders, clinometer, and visual triangulation
methods, we estimated the distance of each nest structure to
the nearest house, nest structure, neighboring tree, ground
and canopy, and tree trunk. We recorded the length, width,
and height of each nest structure, as well as the trunk
diameter, supporting branch diameter, and angle from
horizontal. Height was the vertical dimension of the nest,
length was defined as the longest dimension, and width
was perpendicular to that measurement. We also recorded
the number of monk structures in the tree, and the location
of all nest cavities: top, bottom, or side (by eight compass
directions). Species of nest trees were identified with the
help of local botanists and by reference to Pott and Pott
(1997).

Fig. 1 Frequency of 41 monk
parakeet colonies by distance
category from nearest habitation
in the Pantanal of Brazil. Shown
also are the number of colonies,
average number of nest struc-
tures per colony, and average
number of nest cavities per
structure by these distance
categories.
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We defined four categories of colonies with respect to
distance from habitation: less than 50, 51–350, 351–1,500,
and over 1,500 m from a house. We used 350 m as our
initial category because this encompassed the distance from
a farm house to the edge of its planted groves. To examine
nest site selection we compared the characteristics of each
tree with a nest structure (used tree) to randomly selected
matched-point trees, selected by using a table of random
numbers to generate directions (eight compass points) and
distance from nest. We then used the closest tree to this
point. Characteristics recorded for nest trees and matched-
point trees included tree species, tree height, trunk diameter
at 1 m, distance to nearest tree (and its species), distance to
nearest tree with a canopy, and distance to nearest house.

We used Kruskal–Wallis nonparametric one-way analysis
of variance (Wilcoxon option in SAS’s PROCNPAR1WAY)
to compare characteristics among types of nest assemblages,
distance categories, trees used, and tree characteristics (SAS
1995). Means and standard errors are given in the text and
tables.

Results

We found 104 monk parakeet nest structures in 41 colonies
ranging from 1 to 31 structures. The number of cavities per
structure ranged from 1 to 60. Most monk parakeet nest
structures were in broad-leaf trees. We counted 16 struc-
tures on palm trees and six on utility poles. Of the 104 nest
structures, 14% were in trees with two, and 14% were in
trees with three nest structures. One tree held five structures.

Colony sites and distance to habitation

All three farms where we worked had monk parakeets
nesting close to the houses and in nearby trees, but most of
the parakeet colonies were more than 1,500 m from the
nearest house (Fig. 1), leading us to reject null hypothesis 1.
Colonies in the 51–350 m distance category had more
structures, but significantly fewer nest cavities per structure
than others (Fig. 1). There was no difference in distance to
habitations for nest structures with or without jabirus. Some
jabiru nests were located right over houses; others were far
from habitation.

Nesting associations

Monk parakeets nested in association with other species,
both within the same nest structure and in nearby nests. The
most obvious association was with jabiru storks that con-
structed very large stick nests supported in the fork of
sturdy branches in tall, often isolated trees. Parakeets wove
their stick nests into the underside of the jabiru structures,
and therefore they were not directly supported by branches
(Fig. 2). Of the 41 parakeet colonies located, 21 were jabiru
associated. Fifteen of these (37%) were solitary jabiru-

attached parakeet nests with no nearby parakeet nest struc-
tures, and 6 (15%) contained one jabiru-parakeet nest as-
sociated with nearby parakeet nest structures (Fig. 3). Thus
over half (21 of 41) of the monk parakeet colonies were
associated with jabiru nests while 21 of 23 jabiru nests had
parakeet nests attached. There were ten solitary structures
and ten monospecific colonies.

Some of the trees with jabiru-attached parakeet nests also
had plumbeous ibis (Theristicus caerulescens) nests. This
association was between the ibis and the jabiru, since no
ibis nests were associated with colonies of monk nests
without jabirus. Monk parakeet nests were sometimes part

Fig. 2 Photograph of a jabiru-attached parakeet nest structure (a),
and a solitary monk parakeet nest structure (b) in the Pantanal of
Brazil
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of the nests of gray-crested cacholote (Pseudseisura uni-
rufa), or were sometimes in the same tree with cacholote
nests. Two parakeet nest trees also had yellow-rumped
Caciques (Cacicus cela), and one tree had nests of crested
oropendola (Psarcolius decumanus) and a hyacinth macaw
(Anodorhynchus hyacinthinus).

Number of structures and cavities in colonies

There were significant differences in the number of para-
keet nest structures per colony, and in the number of nest
cavities per structure, as a function of the colony type (Fig. 3).
Colonies associated with a jabiru nest had significantly
more monk nest structures than those without jabirus,
mainly due to one large colony with 31 structures. Similarly,

Fig. 3 Number of monk para-
keet colonies, average number
of structures per colony, and
average number of cavities per
structure in solitary and mono-
specific colonies and in colonies
associated with jabiru nests, in
the Pantanal of Brazil

Table 1 Characteristics of trees
and branches supporting monk
parakeet (Myiopsitta monachus)
nest structures in colonies with
and without jabiru (Jabiru
mycteria) nests in the
Brazilian Pantanal

NN nearest neighbor, NS not
significant
aIncludes all jabiru-associated
and jabiru-attached nests
bIncludes all nests in solitary
and monospecific colonies

Nest with jabirua Nest without jabirub Kruskal–Wallis

χ2 Significance level

Sample size 59 45
Tree height (m)a 17.8±0.7 14.7±0.7 10.0 P<0.001
Nest height (m)a 13.2±0.6 11.3±0.6 5.1 P<0.02
Tree diameter (cm)b 32.5±1.1 33.0±2.5 3.8 P<0.05
Branch diameter (cm)b 15.9±1.3 12.5±1.3 1.9 NS
Angle (°) 32.0±3.4 24.5±3.8 1.7 NS
Distance to (m)a

Nearest canopy tree 39.4±4.5 28.6±5.2 5.3 P<0.02
NN tree 19.8±3.0 14.5±2.9 2.5 NS
Nearest house 1317.8±150.3 1355.9±204.3 0.5 NS
Number of cavities 13.8±1.7 7.4±0.7 5.2 P<0.02
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the mean number of cavities per nest structure was greater
for colonies with jabirus than for others. Thus the second part
of null hypothesis 1 is rejected. However, this was largely
due to the large numbers of cavities under the jabiru nests
(mean 25.3±14.0). Comparing cavities per structure in trees
without jabirus yielded very similar results to colonies with-
out jabirus (Table 1), an average of about seven cavities per
structure. Two structures in jabiru-associated colonies had
only one cavity. We did not find any solitary monk nest
structures that contained only one nest cavity.

Characteristics of nest structures attached
to jabiru nests

We compared the characteristics of the trees monk para-
keets used in colonies with and without jabirus (Tables 1
and 2). Parakeet nest structures in colonies with jabirus
were in taller trees, and were located higher in the trees,
than in colonies without jabirus. However, the closest
available tree with a canopy (seemingly preferred by the
parakeets) was closer in colonies without jabirus than in

Table 2 Number of cavities per monk parakeet (M. monachus) nest
structure, tree heights, and nest heights, comparing the different
types of colonies with and without jabirus, and comparing structures

attached to the jabiru (J. mycteria) nest versus other structures in the
same colony in the Brazilian Pantanal

Monk parakeet colonies Colonies Parakeet
structures

Number of
cavities/structure

Tree heights (m) Nest heights
in tree (m)

Range Mean±SE Mean±SE Mean±SE

All structures without jabirus 20 45 4–23 7.46±0.7 14.6±0.64 11.2±0.54
Solitary structures 10 10 4–13 7.1±0.85 15.0±1.73 11.0±1.46
Monospecific colonies 10 35 4–23 7.6±0.86 14.5±0.68 11.2±0.57
All parakeet nests with jabirus 21 59 1–60 13.8±1.67 17.7±0.88 13.1±0.59
Monk nest structures attached
to jabiru nests (whether or not there
are other monk structures nearby)

21 21 7–60 25.3±14 19.1±14.52 14.6±3.81

Monk nest structures attached to
jabiru nest that is not associated
with other monk nest structures

15 15 7–60 23.7±1.66 18.9±0.8 14±0.9

Monk nest structures attached
to jabiru nest that is associated
with other monk nest structures

6 44 1–51 10.8±1.6 17.7±2.71 12.8±0.73

Only the monk nest structure
attached to the jabiru nest

6 6 23–51 32±4.24 19.7±0.72 16.2±1.73

Only the monk nest structure
not attached to the jabiru nest

6 38 1–24 7.4±2.39 16.9±0.93 12.3±0.77

Jabiru nest alone without parakeets 2 0 18.3±1.05 14.5±3.64

Table 3 Comparisons of tree trunk diameter and diameter and angle of the supporting branch for monk parakeet (M. monachus) nest
structures in different types of nesting associations, with and without jabirus (J. mycteria) in the Brazilian Pantanal

Monk parakeet colonies Colonies Parakeet
structures

Tree trunk
diameter (cm)

Branch
diameter (cm)

Branch
angle (°)

Mean±SE Mean±SE Mean±SE

All structures without jabirus 20 45 33±2.5 12.4±1.09 24.5±3.15
Solitary structures 10 10 30±3.19 15.2±2.41 18.3±4.74
Monospecific colonies 10 35 33.9±3.09 11.3±1.18 26.9±3.89
All parakeet nests with jabirus 21 59 32.5±1.06 15.9±1.21 32±3.14
Monk nest structures attached to jabiru nests
(whether or not there are other monk structures nearby)

21 21 33.2±3.53 25.1±5.53 33.8±22.5

Monk nest structures attached to jabiru nest that
is not associated with other monk nest structures

15 15 32.8±1.1 24.9±1.6 25.9±4.29

Monk nest structures attached to jabiru nest that
is associated with other monk nest structures

6 44 32.4±1.41 13.4±1.27 33.7±3.83

Only the monk nest structure attached to the jabiru nest 6 6 33.9±0.54 25.4±1.86 48.3±9.35
Only the monk nest structure not attached to the jabiru nest 6 38 32.2±1.63 11.2±1.13 31.1±4.1
Jabiru nest alone without parakeets 2 36.8±1.04 20.3±0 10±9.97
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those with jabirus (Table 2). There were significant dif-
ferences among these types of colonies, and null hypothesis
2 is therefore rejected.

Table 3 shows the tree trunk diameter and the diameter
and angle (above horizontal) of the supporting branch.

Branches supporting jabiru–parakeet nests were thicker and
steeper than those supporting other parakeet structures. The
two non-used jabiru nests were supported by nearly hori-
zontal branches.

We compared the size of monk parakeet nest structures in
different colony types (Table 4). Jabiru-attached parakeet
nest structures were twice as large in every dimension as
other parakeet structures (P<0.0001), often occupying the
entire base of the stork nest, and there was no size differ-
ence in jabiru-attached nests with or without other parakeet
structures in the colony. Nonattached structures in jabiru-
associated colonies were longer, but not wider or higher
than those in monospecific or solitary colonies (Table 4).
Monk nest structures in solitary colonies were the smallest.
Thus, since nest structure size differs among these types,
null hypothesis 3 is rejected.

Tree selection for monk parakeet nest structures

Excluding the 21 jabiru-attached nests, which were almost
all in piuva (Tabebuia spp.) trees, parakeets did not nest
randomly with respect to the available trees. Comparing
nesting trees with randomly selected matched-point trees
showed parakeets selected piuva trees (Tabebuia spp.) and
mandovi trees (Sterculia apetela) over other available trees
(χ2=80.2, P<0.001; Fig. 4).

The trees selected for nest structures were taller than
matched-point trees (Kruskal–Wallis χ2=54, P<0.0001),
with wider trunk diameters (χ2=3, P<0.0001; Table 5). Nest
trees were farther from nearest-neighbor trees (χ2=−13.4,

Fig. 4 Tree species used for monk nest structures compared to
available matched-point trees in the Pantanal of Brazil. Piuva and
mandovi trees use significantly exceeded their availability.

Table 4 Dimensions of the nest structures of monk parakeets (M. monachus) in different types of nest associations with jabirus (J. mycteria)
in the Brazilian Pantanal

Monk parakeet colonies Colonies Parakeet
structures

Nest height (cm) Nest length (cm) Nest width (cm)
Mean±SE Mean±SE Mean±SE

All structures without jabirus 20 45 56.1±20.68 69±28.27 53±24.21
Solitary structures 10 10 54.4±18.08 56.4±28.27 44.2±18.52
Monospecific colonies 10 35 56.6±21.59 72.8±27.56 55.6±23.29
All parakeet nests with jabirus 21 59 76.5±38.02 119.4±63.83 95.8±40.26
Monk nest structures attached to jabiru nests
(whether or not there are other monk structures nearby)

21 21 109.6±34.21 189.7±41.22 126.6±27.56

Monk nest structures attached to jabiru nest
that is not associated with other monk nest structures

15 15 110.7±39.27 188.7±40.03 124.2±28.14

Monk nest structures attached to jabiru nest
that is associated with other monk nest structures

6 44 63.9±29.11 95.8±52.22 68.1±30.4

Only the monk nest structure attached to the jabiru nest 6 6 106.7±18.75 192.2±47.7 132.5±27.56
Only the monk nest structure not attached to the jabiru nest 6 38 56.8±23.83 79.2±30.84 57±17.53

Table 5 Characteristics of
trees with monk parakeet (M.
monachus) nest structures in the
Brazilian Pantanal compared to
matched-point trees or nearest-
neighbor (NN) trees. Based on
69 nests for which matched
points were identified

Nests Matched point Kruskal–Wallis

Mean±SE Mean±SE χ2 Significance level

Tree height (m) 16.5±0.5 10.3±0.5 53.8 P<0.0001
Tree diameter (cm) 32.7±1.3 22.7±1.4 38.5 P<0.0001
To canopy tree (m) 34.9±3.4 15.3±1.9 28.4 P<0.0001
To NN tree (m) 17.6±2.1 6.8±0.5 13.4 P<0.007
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P<0.0003) and canopy trees (χ2=25, P<0.0003). Monk nest
structures were farther from their nearest-neighbor nest
than the distance to the nearest-neighbor tree, suggesting
some over-dispersion of monk nest structures. This, how-
ever, may be due to the need for an appropriately tall, large,
canopy tree, which were significantly farther away from
nest trees than from the matched-point trees. Since there
were clear differences between the characteristics of nest
structure locations and matched points, null hypothesis 4 is
rejected.

Cavity site selection

Once the site of the nest structure is selected, individual
monk parakeets construct a nest cavity, affixing it to the
main nest structure. These nests can be located on the side,
bottom or top of the nest, and the nest opening (or cavity)
can face in any direction. Consistent with all published and
anecdotal accounts, no nest cavity openings faced upward.
Only a very few faced directly downward. Nest cavity
openings faced primarily in the north direction (χ2=629,
P<0.0001; Fig. 5). Thus null hypothesis 5 of random
orientation is rejected.

Discussion

Below we will argue that the nesting behavior of monk
parakeets is related to structural safety (not having nests fall
down), weather constraints (avoiding high winds), and
predator avoidance. Adult parakeets are vulnerable to pred-
ators, both while feeding and in their nests. Flocking while
foraging confers some risk from predators (Westcott and
Cockburn 1988). Predators such as white-eared opossums
(Didelphis albiventris), grass snakes (Philodryas patago-
niensis), and spot-winged falconet (Spiziapteryx circum-
cinctus) prey on nestlings in the nest (Navarro et al. 1992;
Spreyer and Bucher 1998). These predators may even dwell
in parakeet cavities. Crane hawks (Geranospiza caerules-
cens) are particularly adept at clinging to nests and extract-

ing nestlings (L. Vicente, repeated personal observations).
Nesting communally also exposes individual pairs to nest
chamber destruction when neighbors steal nest material
(Eberhard 1998).

Colony site selection

Nesting in monk parakeets involves a series of choices
relative to colony site selection, nest site selection, and
cavity site placement. Selection of a colony site relates to
the general location of the first structure including deci-
sions such as near or far from habitation, in extensive
woods, forest edge, cerrados, or savannahs, and in associa-
tion with other species such as jabiru storks (Oliveira and
Marquis 2002). Since colony sites are often traditional,
selection may be an infrequent process, as when the woods
are cleared, nest structures are all destroyed by winds, or
the birds are deliberately destroyed (Gibson 1880). On the
other hand, we found enough solitary structures to suggest
that colony initiation is an ongoing process (and in future
years these locations may contain more nest structures).

Nest site selection refers to the initiation of a new struc-
ture within a colony, such as the type of tree, location in
trees, and support configuration. Cavity selection involves
where each individual pair builds its nest relative to others
in the colony and includes such factors as the direction the
opening faces and its location on the existing structure.
Each of these aspects will be discussed below. Although
there was a wide range in the number of cavities per struc-
ture, the mean number was similar for solitary structures
(7.1), monospecific colonies (7.6), and for parakeet struc-
tures not attached to the jabiru nest in jabiru-associated
colonies (mean 7.4; Table 1).

Proximity to habitation

Most accounts of monk parakeets note that they usually
nest near human habitation (Wetmore 1920; Lanning 1991;
Spreyer and Bucher 1998), but this may be an artifact be-

Fig. 5 Number of monk para-
keet nest cavities by compass
direction in the Pantanal show-
ing prevailing orientation in the
northwest–north–northeast di-
rections. Deviation from random
(wχ2=629, P<0.0001; df=7).
Cavities facing directly down-
ward for which a direction could
not be determined are excluded.
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cause they are more obvious around houses or because
suitable nest supports such as large trees may be limited to
the vicinity of houses. Indeed, several of the farms we
visited or passed by had some parakeets nesting near them;
however, over 50% of the colonies we found were located
more than 1,500 m from houses. Partly the nests that were
located away from habitation were associated with jabiru
nests (see below). Thus, we suggest that the monk para-
keets have two conflicting selection preferences: nesting
near houses, and nesting with jabirus (who themselves do
not nest preferentially near houses, see below).

There may be some protective influence of habitation,
since the largest colonies (in terms of number of nest
structures) were located within 350 m of habitation, and
the number of nest structures per colony was lower in
colonies more than 350 m from houses, although the
number of cavities per structure was relatively stable. We
suggest that these findings are a result of the habitat
patchiness in the Pantanal region of Brazil. Most of the
region was either cattle ranches or wetlands; patches of
large trees (suitable for monk nesting) were generally as-
sociated with the farm houses. Large patches of wood-
land with tall trees were relatively uncommon on the open
grassland where a cluster of a few large trees formed a
haven for a nesting pair of jabirus and monk parakeets.
Secondly, predators may be less common near houses,
conferring an antipredator advantage to nesting there.

There are exceptions to the general lack of large forest
patches away from houses. Ecotourism has became a major
part of the Pantanal economy. The owners of some farms
that have incorporated ecotourism are committed to conser-
vation and are preserving some native forest patches on
their land. Monk parakeets did not nest in these dense forest
patches (with an understory). They preferred to nest in the
small islands of a few large trees, or the park-like habitat
surrounding houses where large trees had been planted. The
largest colony of 31 nest structures was located in a planted
grove of trees around Pouso Alegre. This open habitat may
be preferred by the parakeets because they are near to the
grassland (and fruit trees) for foraging and have good visi-
bility of approaching predators, mainly hawks and snakes.

Nesting association with jabiru storks

We found parakeets nesting under 21 of 23 Jabiru nests,
and 21 of the 41 parakeet colonies were associated with
jabiru. Parakeets wove their finer stick nests into the un-
derside of the coarser jabiru structures and therefore were
not directly supported by branches (Fig. 2a), unlike the
nonattached structures (Fig 2b). Some jabiru nests were in
isolated trees outside of woodlands and far from habita-
tions, while others were located in farms. There was thus
no relation between jabiru association and distance to hab-
itation. Thus, the parakeets are sometimes faced with se-
lecting to nest with jabirus that are far from houses (another
of their preferences).

Most of the work on nesting behavior of monk parakeets
has been conducted in either the United States or in Argen-

tina (Humphrey and Peterson 1978; Bucher et al. 1991;
Eberhard 1998; Spreyer and Bucher 1998, Burger and
Gochfeld 2000), where jabiru does not occur, and the
published nesting associations reflect this bias. However, in
1912 Cherrie noted that “not infrequently” parakeets attach
their nests to the underside of jabiru stork nests in Mato
Grosso (reported in Naumberg 1930). In our study site in
Brazil, monk parakeets preferentially selected jabiru nests
when they were available; only 2 of 23 jabiru nests did not
have parakeets associated with them (and at one, a mass of
parakeet nest material was on the ground below the jabiru
nest).

There are two obvious advantages of nesting with jabiru
storks: (1) the storks provide a large nest substrate for
attachment of a monk nests on a proven sturdy substrate,
although the attachment to the jabiru structure may be less
secure than attachment directly to a branch, and (2) by
nesting on the underside, most predators would be unable
to access the parakeets without encountering the storks,
which potentially could provide protection from predators.
However, the crane hawk, a cavity-feeding specialist, can
cling to the underside of the nests where the parakeet
cavities are placed and extract the chicks with its loosely
jointed feet (L. Vicente, personal observation).

Although Forshaw (1973) and Sparks and Soper (1990)
state that some jabiru construct their nests on top of para-
keet structures, we believe this is a misinterpretation. The
storks’ nests were always on top of the thick branches or
wedged in a major tree crotch, with the monk parakeet nests
hanging below. This meant that the parakeet nest structure
was not woven onto branches—hence without the stork the
parakeets would have had no support for their nests. The
parakeet nests not associated with jabirus were generally
taller than they were wide and were woven onto branch
forks or around branches.

The wide base of the jabiru nests offered ample space
for attachment, and the parakeet structures attached to
jabirus were wider and longer than nearby structures. Less
obvious was the fact that other structures in jabiru-as-
sociated colonies were longer, but not wider or higher than
those in monospecific colonies (Table 4). Structures in
monospecific monk colonies were the smallest.

In Argentina, the stick nests of the brown cacholote
(Pseudoseisura lophotes) and firewood-gatherer (Anum-
bius annumbi) serve as the nucleus around which parakeets
build their structures (Humphrey and Peterson 1978;
Spreyer and Bucher 1998), and in the Pantanal we found
some nests that may have been initiated by the gray-crested
cacholote.

Nest structure site selection

Having selected a general colony site, monk parakeets must
build the nest structure in a particular tree, and in a par-
ticular location within the tree (or other structure). We ex-
amined nest site selection by comparing the characteristics
of trees where parakeets nested with nearby matched-point
trees.
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Tree species and height Spreyer and Bucher (1998) con-
sidered monk parakeets generalists with respect to colony
site selection and tree species. Parakeets usually nest in
trees (although the Bolivian subspecies nests on cliffs;
Lanning 1991). However, they also nest on tall artificial
structures, including utility poles both in their native and
adoptive lands (Hudson 1920; Humphrey and Peterson
1978; Sol et al. 1997; Burger and Gochfeld 2000). Within a
region, they seem to select large, sturdy, tall trees for their
nests and may show strong local preferences, for example,
for palms versus broadleaf trees. In southern Uruguay and
in Spain the birds prefer palm trees (Wetmore 1926; Sol
et al. 1997). In Florida they often nest in Melaleuca (Mela-
leuca quinqueneria) and in coconut palm (Cocos nucifera).
In Florida we found one colony almost exclusively in
Melaleuca even though there were palms nearby, while in
another colony, all nests were in palms, although there were
other broadleaf trees nearby (Burger and Gochfeld 2000).
In the present study, parakeets showed a strong preference
for piuva and mandovi trees, which provide thick sturdy
branches that can support heavy nest structures.

Many authors have reported that height is important
(Wetmore 1926; Sol et al. 1997; Burger and Gochfeld
2000).Parakeet structures were in taller trees than the
matched points. Structures in jabiru-associated colonies
were higher and in taller trees compared to other colonies.
Gibson (1880) described a large colony in the relatively
low tala trees (Celtis tala) native to the Argentine pampas.
On his estancia at Cabo San Antonio, Argentina, the woods
were full of their nests. The trees were low enough that
workers could set nest structures on fire to eliminate the
parakeets, which were deemed an agricultural pest. Forty
years later, Gibson (1919) lamented that the planting of
eucalyptus (Eucalyptus spp.) provided parakeets much
taller and unreachable nest sites, and this became the pre-
ferred substrate for parakeets, which were subject to wide-
spread persecution (Hudson 1920; Gore and Gepp 1978).
In Buenos Aires Province, Wetmore (1926) reported that
nests were mainly high (14–18 m) in introduced eucalyptus
planted around estancias or even in towns. It is difficult to
know whether the parakeets are selecting a particular tree
species because they are the tallest (as suggested by Sol et
al. 1997 and Navarro et al. 1992), or because they prefer
that tree species. In either case, the trees selected are tall and
strong, providing support for their bulky nests and pro-
tection from storms.

Some authors note that parakeets place nest structures at
the end of branches (Naumberg 1930; Forshaw 1973). We
found that they frequently nested closer to the tree trunk or
on places where branches bifurcated, providing added sup-
port for their bulky nests. This difference may relate to the
size of the nests in Brazil. Most nests, even those not asso-
ciated with jabirus, had several cavities per nest structure
(mean about seven). This is in contrast with other reports
where the number of cavities per nest structure averages
less than three (see below). A nest structure with only one
or two nests may be sufficiently small to be placed near the
end of a branch, but the large structures in Brazil would fall
if placed there.

Nest cavities per structure We found the mean number of
cavities per structure averaged about seven for structures
that were solitary (mean 7.1) and in monospecific colonies
(mean 7.6), and for the unattached nests in jabiru-asso-
ciated colonies (mean 7.4; Table 1). Overall, nests in jabiru-
associated colonies had more cavities (13.8±1.7) than in
other colony types (7.5±0.7), because of the influence of
the jabiru-attached structures, which averaged (25.3±14.0).
These numbers are consistent with Cherrie’s observations
(ca. 1913) in Mato Grosso (Naumberg 1930) but are higher
than those reported for the Argentine pampas historically
(Holland 1892; Hudson 1920) or more recently (Navarro
et al. 1992). Hudson (1920) reported that the number of pairs
in a nest structure does not exceed a dozen. In a detailed
study in Argentina, Navarro et al. (1992) found that most of
the nest structures in Cordoba had only one chamber and
fewer than 2% had four cavities. Eberhard (1998) reported
an average of 1.8 cavities per nest structure in Argentina,
and Lanning (1991) reported an average of 2.5 (range 1–6)
in Bolivia. We did find some solitary nest structures, but
these averaged seven nest cavities. Thus, the number of
nesting cavities per nest structure in Brazil was higher than
reported for these other studies in South America. In the
United States, the number of cavities per structure averaged
less than two in Chicago (Hyman and Pruett-Jones 1995)
and in Florida (Burger and Gochfeld 2000).

The monk nests attached to jabiru nests had more than
twice as many nest cavities as parakeet nests in adjacent
trees. Clearly the larger, bulky nest of the jabiru provided
more space for attachment of parakeet nests. Monk nests
associated with jabiru nests may be more successful;
Navarro et al. (1995) found that large colonies laid earlier
than smaller ones, and reproductive success correlated
strongly with laying date; earlier nests were most success-
ful. This theoretical benefit, first articulated by Darling
(1938), became known as the “Darling effect” in which
social facilitation accelerates reproductive cycles, synchro-
nizing breeding and reducing the impact of predation. The
large assemblages (averaging 25 cavities) under jabiru nests
may maximize this benefit, as well as the benefits conferred
by the jabirus and their broad-based nest.

Nest cavity direction

After the first monk parakeet pair has initiated a nest struc-
ture, other parakeets have a choice of where to build their
nest cavity relative to the first one. They can initiate a new
structure in the same or different tree, or they can attach
their nest in any direction from the first one, and they can
determine the direction their cavity opening faces. Hudson
(1920) observed colonies beginning as a single chamber
with adjacent chambers added under an over-hanging eave
that he believed prevented the intrusion of opossums. The
number of nest holes does not always equal the number of
breeding pairs. Eberhard (1998) recently suggested that
monk parakeets may show some degree of cooperative
breeding, making it difficult to determine the exact number
of pairs in a nest. The number of nest cavities that are
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active varied from 53 to 81% in Argentina (Navarro et al
1992).

Storms and high winds contribute substantially to the
demise of nests and to the lowering of reproductive success.
Individual monk parakeets could reduce some of the risks
of cold winds by having their cavity opening on the side of
the nest away from the direction of cold winter winds, as
was found for monk parakeets nesting in Florida (Burger
and Gochfeld 2000). In this study in Brazil, parakeet nest
cavities mainly faced in a northerly direction; 670 cavities
faced northwest–north–northeast exposure versus, away
from the main direction of winter storms from the south, 93
facing southeast–south–southwest (Fig. 5).

Advantages and disadvantages of coloniality

Overall, the behavior of monk parakeets nesting commu-
nally has advantages and disadvantages. By nesting com-
munally they increase their geographical range because of
thermoregulatory benefits of having many birds roosting
together on cold nights (Bump 1971), their ability to detect
predators, and their ability to find favorable feeding areas.
These communal nests, however, can grow so large and
heavy that they are vulnerable to strong winds and storms;
structures may fall, both of their own weight and abetted by
storms (Gochfeld 1973; Martin and Bucher 1993). Hudson
(1920) reported that nests might eventually weigh nearly a
quarter of a ton (about 250 kg), and that the ground under-
neath some colonies is covered with the remains of fallen
nests. Falling accounted for 4% of reproductive losses in
Argentina (Navarro et al. 1992). We also found fallen para-
keet nests, and under one jabiru nest, half of the parakeet
structure had separated, crashing into the canopy of a palm
tree below it. The parakeets renovated and reoccupied this
structure. We suspect that despite the broad base, the attach-
ment to the jabiru nest may be less secure than initiating a
nest woven around a branch.

Based on the number of structures per colony, we con-
clude that colonies near habitations and colonies associated
with jabiru nests were older than isolated monospecific
colonies or solitary structures. There are no data on popu-
lation trends of monk parakeets in the Pantanal, but as more
farms favor ecotourism, it seems likely that the parakeets
will benefit from protection and that woodland growth will
be encouraged. Comparative data to create a more coherent
spatial and temporal picture of this unique parrot will be
valuable.

Acknowledgements The authors wish to thank Juliano Penato de
Arruda for his guiding services while we were at Caranda and for
aiding in tree identification, and Luiz andMarina Vicente for logistical
help, identification of tree species, and directions to parakeet colonies
at Pouso Alegre. The staff of Fazenda Caranda, Pouso Alegre, and
Pousada Piuval also helped locate monk nests and jabiru nests on the
savannah. All these people helped make our work both pleasant and
productive. Two anonymous referees provided valuable comments.

References

Beissinger SR, Snyder NFR (1992) New world parrots in crisis:
solution from conservation biology. Smithsonian Institution
Press, Washington, D.C.

Bucher EH, Martin LF, Martella MB, Navarro JL (1991) Social
behaviour and population dynamics of the monk parakeet. Proc
Int Ornithol Congr 20:681–689

Bump G (1971, May) The South American monk, Quaker, or gray-
headed parakeet. (Wildlife leaflet) U.S. Fish and Wildlife
Service, Washington, D.C.

Burger J, Gochfeld M (2000) Nest site selection in monk parakeets
(Myiopsitta monachus) in Florida. Bird Behav 13:99–105

Darling FF (1938) Bird flocks and the breeding cycle. Cambridge
University Press, Cambridge

Darwin C (1839) Journal of researches into the natural history and
geology of the countries visited during the voyage of H.M.S.
Beagle. Henry Colburn, London

Eberhard JR (1996) Nest adoption by monk parakeets. Wilson Bull
108:374–377

Eberhard JR (1998) Breeding biology of the monk parakeet. Wilson
Bull 110:463–473

Forshaw JM (1973) Parrots of the world. Doubleday, Garden City,
NY

Friedmann H (1927) Notes on some Argentine birds. Bull Mus
Comp Zool 68:177–178

Garber S (1993) Is the monk parakeet the ecological equivalent of
North America’s extinct Carolina parakeet? Focus 43(3):26–30

Gibson E (1880) Ornithological notes from the neighbourhood of
Cape San Antonio, Buenos Ayres. Ibis 1880:1–38

Gibson E (1919) Further ornithological notes from the neighbour-
hood of Cape San Antonio, Province of Buenos Ayres. Ibis
1919:495–537

Gilardi JD, Munn CA (1998) Patterns of activity, flocking, and habi-
tat use in parrots in the Peruvian Amazon. Condor 100:641–653

Gochfeld M (1973) Ecologic aspects of ectopic populations of monk
parakeets (Myiopsitta monachus) and possible agricultural con-
sequences. J Agric Univ P R 57(3):262–270

Gore MEJ, Gepp ARM (1978) Las Aves del Uruguay. Mosca
Hermanos S.A. and Int. Council Bird Preservation, Montevideo

Holland AH (1892) Short notes on the birds of the Estancia
Espartilla, Argentine Republic. Ibis 1892:193–214

Hudson WH (1920) Birds of La Plata. Dent, London
Humphrey PS, Peterson RT (1978) Nesting behavior and affinities of

monk parakeets of southern Buenos Aires Province, Argentina.
Wilson Bull 90:544–552

Hyman J, Pruett-Jones S, (1995) Natural history of the monk par-
akeet in Hyde Park, Chicago. Wilson Bull 104:413S–424S

Juniper T, Parr M (1998) Parrots: a guide to parrots of the world.
Yale University Press, New Haven, CT

Lanning DV (1991) Distribution and nest sites of the monk parakeet
in Bolivia. Wilson Bull 103:366–372

Martella MG, Bucher EH (1990) Vocalizations of the monk
parakeet. Bird Behav 8:101–110

Martin LF, Bucher EH (1993) Natal dispersal and first breeding age
in monk parakeets. Auk 110:930–933

Naumberg EMB (1930) The birds of Matto Grosso, Brazil. Bull Am
Mus Nat Hist 60:18,128

Navarro JL, Martella MB, Bucher EH (1992) Breeding season and
productivity of monk parakeets in Cordoba, Argentina. Wilson
Bull 104:413–424

Navarro JL, Martella MB, Bucher EH (1995) Effects of laying date,
clutch size, and communal nest size on the reproductive success
of monk parkakeets. Wilson Bull 107:742–746

Neidermyer WJ, Hickey JJ (1977) The monk parakeet in the United
States, 1970–1975. Am Birds 31:273–278

Oliveira PS, Marquis RJ (2002) The cerrados of Brazil: ecology and
natural history of a neotropical savannah. Columbia University
Press, New York

33



Pott A, Pott VJ (1997) Plants of the Pantanal. Servico de Producao
de Informacao SPI, Brasilia, Brazil

Pruett-Jones S, Tarvin KA (1998) Monk parakeets in the United
States: population growth and regional patterns of distribution.
Proc 18th Vertebr Pest Conf 18:55–58

SAS (Statistical Analysis Systems) (1995) SAS users’ guide. Statis-
tical Institute, Cary, NC

Serie P, Smyth CH (1923) Notas sobre aves deSanta Elena (E. Rios).
Hornero 3:37–55

Sol D, Santol DM, Feria E, Clavell J (1997) Habitat selection by the
monk parakeet during colonization of a new area in Spain.
Condor 99:39–46

Sparks J, Soper T (1990) Parrots: a natural history. Facts on File,
New York

Spreyer MF, Bucher EH (1998) Monk parakeet. Birds of North
America 322. American Ornithologists’ Union, McLean, VA

Stevenson HM, Anderson BH (1994) The bird life of Florida.
University of Florida, Gainesville, FL

Temple SA (1992) Exotic birds: a growing problem with no easy
solution. Auk 109:395–396

VanBael S, Pruett-Jones S (1996) Exponential population growth of
monk parakeets in the United States. Wilson Bull 108:584–588

Westcott DA, Cockburn A (1988) Flock size and vigilance in par-
rots. Aust J Zool 36:335–349

Wetmore A (1926) Observations on the birds of Argentina, Para-
guay, Uruguay, and Chile: Myiopsitta monachus monachus. US
Natl Mus Bull 133:192–196

34


	Nesting behavior and nest site selection in monk parakeets (Myiopsitta monachus) in the Pantanal of Brazil
	Abstract
	Introduction
	Methods
	Species and study site
	Nest finding
	Variables used

	Results
	Colony sites and distance to habitation
	Nesting associations
	Number of structures and cavities in colonies
	Characteristics of nest structures attached to jabiru nests
	Tree selection for monk parakeet nest structures
	Cavity site selection

	Discussion
	Colony site selection
	Proximity to habitation
	Nesting association with jabiru storks
	Nest structure site selection
	Tree species and height
	Nest cavities per structure

	Nest cavity direction
	Advantages and disadvantages of coloniality

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


