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ABSTRACT

ALMEIDA, G.G., SAMPAIO-E-SILVA, T.A. & SILVA-MATOS, D.M. 2020. Influence of the invasive grass Urochloa decumbens on nest-
site selection by the Brown Booby Sula leucogaster on Castilho Island, Brazil. Marine Ornithology 48: 111-117.

The invasion of an ecosystem by exotic plants may change vegetation composition and structure, affecting the nesting habitat of birds at
different spatial scales. On Castilho Island in Sdo Paulo State, Brazil, invasion by the grass Urochloa decumbens has raised concern because
it may affect breeding seabirds. Among those potentially affected is the Brown Booby Sula leucogaster, a species with populations that are
currently decreasing worldwide. We located 85 Brown Booby nests during the 2015-2016 season, and we compared the proportional use
of available invaded and non-invaded areas, considering the macroscale. Further, we established invaded and non-invaded plots of 300 m?,
recorded nests and random non-nest points, and modeled nest-site selection at the microscale as a function of vegetation parameters. Invaded
areas were underused for nesting, while areas of native vegetation appeared to be preferred. Invaded plots had a significantly lower mean
density of nests than non-invaded plots, and nest sites had lower cover by the invasive grass and higher amounts of dead vegetation than
non-nest points. Our results show the importance of controlling U. decumbens and other similar invasive species to ensure the continued
availability of preferred nesting habitats for Brown Boobies, especially in protected areas. Further, our study indicates that the expansion of
invasive plants may be among the environmental changes negatively affecting seabirds.
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INFLUENCIA DA GRAMINEA INVASORA UROCHLOA DECUMBENS
SOBRE A SELECAO DO LOCAL DE NIDIFICAGCAO PELO ATOBA-PARDO
SULA LEUCOGASTER NA ILHA DO CASTILHO, BRASIL

RESUMO

ALMEIDA, G.G., SAMPAIO-E-SILVA, T.A. & SILVA-MATOS, D.M. 2020. Influéncia da graminea invasora Urochloa decumbens sobre a
selecdo do local de nidificac@o pelo atoba-pardo Sula leucogaster na Ilha do Castilho, Brasil. Marine Ornithology 48: 111-117.

A invasdo de um ecossistema por plantas exdticas pode alterar a composicdo e estrutura da vegetagio, afetando o habitat de nidificacdo de aves
em diferentes escalas espaciais. Na Ilha do Castilho, Sao Paulo, Brasil, a invasao pela graminea Urochloa decumbens tem gerado preocupacdes,
pois pode afetar a reproduco das aves marinhas. Dentre os possiveis afetados estd o atoba-pardo Sula leucogaster, uma espécie cujas populagdes
se encontram atualmente em declinio mundial. Localizamos 85 ninhos de atoba-pardo entre 2015 e 2016 e comparamos o uso proporcional das
areas invadidas e nfo invadidas disponiveis, considerando a macroescala. Além disso, estabelecemos parcelas de 300 m? em areas invadidas e
ndo invadidas, registrando pontos com ninhos e pontos aleatdrios sem ninho, e modelamos a sele¢do do local do ninho em microescala como
fungdo dos parimetros da vegetacdo. Areas invadidas foram subutilizadas para nidificacdo, enquanto que as dreas de vegetacdo nativa foram
aparentemente preferidas. Parcelas invadidas tiveram densidade média de ninhos significativamente menor do que as nio invadidas, e os locais
selecionados para nidificacdo apresentaram menor cobertura pela graminea invasora e maiores quantidades de necromassa em relacdo aos
pontos sem ninho. Nossos resultados orientam para a importancia do controle da espécie U. decumbens e de outras gramineas invasoras similares
para garantir a disponibilidade continua dos habitats de nidificacdo preferidos pelo atoba-pardo, especialmente nas dreas protegidas. Além disso,
nosso estudo indica que a expansdo de plantas invasoras pode estar entre as alteracdes ambientais que afetam negativamente as aves marinhas.

Palavras-chave: plantas exdticas, sele¢@o de habitat, aves marinhas, espécies insulares, dreas protegidas

INTRODUCTION & Cleland 2001), and it affects even protected areas (PySek er
al. 2002, Spear et al. 2013, Ziller & Dechoum 2014). In invaded
The invasion of ecosystems by exotic species is listed among the vegetal communities, species composition, richness, diversity,

greatest global threats to native biota (Mack et al. 2000, Mooney and evenness may be changed (Hejda er al. 2009, D’ Antonio et
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al. 2017). Invasive plants can eliminate native species because
they usually have features that give them competitive advantages
(Williamson & Fitter 1996, Rejmanek et al. 2005). In addition, the
invasion by exotic plants may change habitats and fundamental
ecological processes, disturbing fauna in different ways (Vila et al.
2011, McCary et al. 2016).

Vegetation diversity has a strong influence on animal distributions
(Jiménez-Alfaro et al. 2016). Invasive plants may change both
vegetation composition and structure, affecting habitat selection
by birds and potentially reducing the quality of favorable habitats
for nesting and other essential activities (Block & Brennan 1993,
Fleishman et al. 2003, D’ Antonio et al. 2017). Alien plants interfere
with distribution and reproductive success of some bird species at
different spatial scales (Fleishman et al. 2003, Lloyd & Martin
2005, Gan et al. 2010).

Seabirds are among the most vulnerable groups of marine
vertebrates, as they are sensitive to habitat changes resulting from
anthropogenic influence (Croxall ef al. 2012, Tavares et al. 2016).
For seabirds nesting on the ground, such as the Brown Booby Sula
leucogaster, vegetation structure is the main feature influencing
nest distribution (Kotliar & Burger 1986, Fasola & Canova 1991).

Brown Boobies reproduce on oceanic islands in all tropical oceans,
and the species is classified as Least Concern according to the
International Union for Conservation of Nature (IUCN). However,
their populations are currently decreasing worldwide, and colonies
are becoming restricted to more remote areas, which increases
their risk of becoming vulnerable. Further, the restriction to more
isolated areas indicates the sensitivity of the species to anthropic
environmental changes (Schreiber & Norton 2002, Rosenberg et al.
2014, Hernandez-Vazquez et al. 2017).

Insular populations, such as those of the Brown Booby, are
particularly vulnerable to the effects of invasive species. Due to
their isolation and limited geographic area, islands may support
small populations with reduced genetic variation, which rarely can
become adapted to new competitors and habitat changes (Cadotte
et al. 2006, Sax & Gaines 2008). The probability of an avian
population becoming extinct is forty times greater on islands than
in mainland areas (Johnson & Stattersfield 1990); the introduction
of exotic species is among the main causes of extinction of endemic
species on oceanic islands (Sax & Gaines 2008).

Since the introduction of several species of African grasses to Brazil
for commercial and livestock uses, they have become invasive and
have been disturbing natural ecosystems (Freitas & Pivello 2005).
Species of the genus Urochloa are among the most frequent invasive
plants in protected areas, but studies of these grasses in insular
environments are scarce (Ziller & Dechoum 2014). U. decumbens
Stapf. is one of the invasive Urochloa species that was introduced
for pasture formation in the 1950s.

U. decumbens densely occupies the herbaceous stratum; the species
produces large amounts of biomass quickly (D’ Antonio & Vitousek
1992, Freitas & Pivello 2005). Brown Boobies prefer to build
their nests in areas sparsely covered with herbaceous vegetation
because it facilitates access to the nest (Krul 2004). For large birds
like these, which cannot move easily on the ground, the dense
vegetation may hinder movement (Benoit & Askins 1999, Ma er al.
2011), especially during the reproductive period when both parents

constantly move and alternate between periods of taking care of the
nest and foraging (Martins & Dias 2003, Ceyca & Mellink 2009).
We tested the hypothesis that areas invaded by U. decumbens would
not be ideal for booby nesting—that is, that the presence of this
invasive grass would have negative influence on nest-site selection.
We aimed to evaluate nest-site selection by Brown Boobies: (1)
at the macroscale, comparing use for nesting in invaded and non-
invaded areas; and (2) at the microscale, identifying vegetation
parameters associated with nests.

METHODS
Study site and species

We conducted the study on Castilho Island (25.2733°S, 047.9547°W;
Fig. 1), an oceanic island with an area of 7.4 ha (0.74 km?) that is
located 7.5 km off the Brazilian south coast, in Sdo Paulo State.
The study site was chosen due to presence of U. decumbens, which
was introduced in the mid-1970s and is currently occupying a large
proportion of the island’s area (ICMBio 2008). In addition, the
island is one of the more important nesting sites for Brown Booby
and other seabirds in the state. It is in the Tupiniquins Ecological
Station, which is an IUCN protected area, Category Ia - Strict
Nature Reserve. Our research was conducted under access permits
from the Brazilian Ministry of the Environment (MMA) - Chico
Mendes Institute for Biodiversity Conservation (Protocol #48258).

The regional climate is subtropical, with an annual mean relative
humidity of ~87%. Rainfall accumulations are greater than 200 mm
per month from December to April and ~80 mm per month from
May to November. The island is rocky, composed predominantly
of syenite and quartz syenite (ICMBio 2008). The native vegetation
includes shrubs (mainly Ficus luschnathiana), herbs (represented
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Fig. 1.  Castilho Island, SP, Brazil, where nest-site selection
data for Brown Boobies were collected, 2015-2016. Shown is the
partition of the island by vegetation type, the invaded areas (A and
B), and macroscale- and microscale-sampled areas.

Marine Ornithology 48: 111-117 (2020)



Almeida et al.: Brown Booby nest-site selection on Castilho Island, Brazil 113

by Philodendron bipinnatifidum and Cyperus spp.), grasses (e.g.,
Paspalum vaginatum), and typical rocky shore plants of the
Cactaceae and Bromeliaceae families (e.g., Cereus peruvianus and
Bromelia antiacantha) (ICMBio 2008, TAS pers. obs.).

The Brown Booby is the most common species of the family
Sulidae occurring along the Brazilian coast (Sick 1997). Individuals
can be found breeding in all months, but reproductive peaks are
usually recorded in the dry season (April to August in Brazil; Krul
2004, Ceyca & Mellink 2009). The nests are built on the ground,
typically in areas of herbaceous vegetation, on bare ground, or
on rocks (Schreiber & Norton 2002, Ospina-Alvarez 2008), and
preferentially in sparsely covered areas, which facilitates access to
the nest (Krul 2004, Grose et al. 2011).

On Castilho Island, Brown Boobies nest in areas dominated by
herbs and grasses. Besides the boobies, Magnificent Frigatebirds
Fregata magnificens and Kelp Gulls Larus dominicanus also breed
on the island (ICMBio 2008, GGA & TAS pers. obs.). Magnificent
Frigatebirds nest on the top of shrubs, occupying the areas of Ficus
luschnathiana; Kelp Gulls, like Brown Boobies, nest on the ground
(ICMBio 2008), but the two species do not nest in overlapping
areas. The Kelp Gull is a potential predator of booby eggs and
chicks, and they may significantly reduce the reproductive success
of Brown Boobies when both are nesting in the same area (Yorio
et al. 1998, Branco 2003). The Black Vulture Coragyps atratus,
another potential booby nest predator (Sick 1997, Coelho et al.
2004), was observed visiting the study site. There is no record of
other predator groups (such as mammals and reptiles) on the island
(ICMBio 2008, GGA & TAS pers. obs.).

Nest-site use and selection at the macroscale

We classified the entire study site according to vegetation type by
analyzing Google Earth images (dated 2013) at 1:2500 scale and
by conducting checks in the field (adapted from Canavelli et al.
(2003)). Two main types of vegetation were identified: (1) shrubs,
represented mainly by Ficus luschnathiana; and (2) grass and/or
herbs. We subdivided the grass/herbs into two other categories:
(2.1) Native and (2.2) Invaded. Native vegetation was composed
of only native species, mainly the grass Paspalum vaginatum
and sedge species Cyperus spp., along with a lower proportion
of Philodendron bipinnatifidum. Native vegetation was confined
to about 3100 m? of the island. Invaded vegetation consisted of
patches composed only or predominantly (> 80%) of U. decumbens.
There were two invaded areas in the study site: (A) an area of
300 m? to the west and (B) an area of 2300 m? to the east (Fig. 1).

We searched for Brown Booby nests in areas classified according to
each vegetation category during two field trips, one in April 2016
and the other in July 2016. Considering the habits of the species and
our aim to focus on comparison between invaded and native areas,
only areas classified as “grass and/or herbaceous vegetation” were
included in the study. We recorded all the nests, active and inactive,
in both invaded areas (A and B). However, for native areas, it was
not possible to access all the areas due to difficult terrain. Thus, we
recorded the number of nests in an area of 1020 m? (Fig. 1).

Nest-site selection at the microscale

We established two plots of 300 m?, the first corresponding to the
smaller invaded area (A) and the other chosen randomly in the

larger invaded area (B), as shown in Fig. 1. For each of the two
invaded plots, we established a corresponding native plot of 300 m?,
giving two pairs of plots. The native plots were placed as close as
possible to the corresponding invaded plot, so that both plots had
similar environmental conditions. Thus, the influence of factors
such as relief, soil, and winds were reduced (Hejda et al. 2009).

From December 2015 to October 2016, we sampled four times
(December, April, July, and October), and we found all Brown
Booby nests and recorded the density of nests in each plot. Each pair
of plots was sampled twice: the invaded plot and the corresponding
native plot in the western area were sampled in December 2015 and
July 2016, and the plots in the eastern area were sampled in April
2016 and October 2016. All nests were marked with colored tags,
so that nests previously counted were not included in the second
sampling. For each nest, we identified one random point in each
pair of plots during the same sampling where nests did not occur.
For each marked nest and random point, we established a circular
plot of one-meter radius (according to the minimum distance
between nests, to avoid overlap) and assessed the percentage of
cover according to six different vegetation parameters (cover by
native grass, cover by invasive grass, cover by other herbaceous
plants, bare ground, exposed rock, dead vegetation (necromass))
and the predominant height of live vegetation (measured in cm;
adapted from Davis (2005) and Gibson et al. (2016)).

Statistical analysis

At the macroscale, we analyzed habitat use and selection by
comparing the expected use (according to the available area)
and the observed use. The expected use corresponded to the
proportional area of each vegetation category in the total sampled
area, and the observed use corresponded to the proportion of nests
found in each vegetation category relative to the total number
of nests found. From the observed proportions, we calculated
simultaneous confidence intervals, which provided an estimate of
the true proportion of use (pi). Thus, the selection or rejection of
each vegetation category for nesting was determined by comparing
the calculated interval and the expected use (Garshelis 2000). We
used Bailey’s interval (Bailey 1980) because it is appropriate for
small samples, having a smaller margin of error than other intervals
that usually are employed in studies of habitat use and availability
(Cherry 1996, Pons et al. 2003).

At the microscale, we tested the differences between the density
of nests and parameters of vegetation in invaded and native plots
using a Wilcoxon-Mann-Whitney test (P < 0.05). General linear
mixed-models were built to test the correlation between the
parameters of vegetation and nest-site choice, using the package
“Ime4” in R (version 3.3.2, R Development Core Team 2016). The
binomial data representing nests or non-nest points were included
as dependent variables, and the seven parameters of vegetation
described above were set as fixed independent variables, including
all the possible combinations. Variables that substantially correlated
(Pearson’s R > 0.50) were not included in the same model, because
multicollinearity among variables in a model may artificially inflate
the standard error of parameter estimates. The sampling month
was included as a random variable in all models. The models were
ranked based on lowest Akaike’s Information Criterion, corrected
for sample size (AICc; Hurvich & Tsai 1989), which was calculated
using the package “bbmle”. AICc weights (wi) were used to
compare top models and determine their relative likelihood. We

Marine Ornithology 48: 111-117 (2020)



114 Almeida et al.: Brown Booby nest-site selection on Castilho Island, Brazil

included in inferences and discussion the models within two AICc
units of the top-ranked model, and we considered the variables
within the models to be informative in nest-site selection if the 95%
confidence intervals of the parameter estimate did not overlap zero
(Burnham & Anderson 2002).

RESULTS
Nest-site use and selection at the macroscale

The proportions of sampled nests (n = 85) in native and invaded
areas were 54.1% and 45.9%, respectively. Expected proportions
according to proportional areas in the total sampled area were
28.2% for native areas and 71.8% for invaded areas. According to
Bailey’s interval, the real proportion of use (pi) in areas of native
vegetation was greater than expected, indicating a preference for
nesting in this vegetation category; invaded areas were underused
(Table 1).

Nest-site selection at the microscale

We found significantly fewer nests in invaded plots than native
plots in all the samples (Mann-Whitney test: U=1678.5, P <0.01),
with a mean density of 0.05 £ 0.01 nests/m? on native plots and
0.02 £ 0.00 nests/m? on invaded plots. For vegetation parameters,
the mean cover proportion by native grass (Mann-Whitney test:
U = 5475, P < 0.01) and other native herbaceous plants (Mann-
Whitney test: U = 1890.5, P < 0.01) were significantly lower in

invaded plots, while the mean cover proportion by U. decumbens
(Mann-Whitney test: U =5312.5, P <0.01) was higher in invaded
plots. In addition, the mean vegetation height was higher in
invaded plots (Mann-Whitney test: U = 4602.5, P < 0.01). Other
parameters were not different between plots in the two vegetation
categories (Table 2).

The best-adjusted model (AICc = 176.7, wi = 0.21) to explain nest-
site selection by Brown Boobies included the coverage proportion
by the invasive grass and by necromass as explanatory variables.
Both are included in the four following models (AAICc < 2)
in different combinations with other variables, and both were
significant (P < 0.05) according to 95% confidence intervals in the
five top models (Tables 3 and 4). None of the other variables in the
first five models were significant (P > 0.05) (Table 4).

DISCUSSION

At the macroscale, we found that Brown Boobies nest preferentially
in areas of native vegetation, while available invaded areas were
underused. At the microscale, boobies selected nest-sites with low
or no cover by the invasive grass and with higher proportions of
necromass. Because the sites selected at the microscale occur in
the same type of macrohabitat, the choice at macro- and microscale
are usually related (Garshelis 2000). Thus, the apparent preference
for nesting in native areas may be explained by the differences
in vegetation composition and structure between both vegetation
categories.

TABLE 1
Bailey’s confidence interval and analysis at the macroscale of nest-site use and selection by Brown Boobies,
comparing areas of native vegetation and those invaded by U. decumbens on Castilho Island, Brazil (2016)

Vegetation  Available area (m*)  Expected proportion of use  Observed proportion of use  Bailey’s interval*  Use trend”
Native 1020 0.282 0.541 0.383 < pi <0.679 +
Invaded 2600 0.718 0.459 0.306 < pi < 0.602 -

@ pi: real proportion of use in each vegetation category.

® (+): selection, used more than expected; (-): rejection, used less than expected

TABLE 2
Wilcoxon-Mann-Whitney test (U) results comparing the density of nests (2 = 74) and vegetation parameters between plots (300 m?) in
areas of native vegetation and those invaded by U. decumbens on Castilho Island, Brazil (December 2015-October 2016)

Parameters Mean (= SD) U-value P value?
Native Invaded
Density of nests (per m?) 0.05 +0.01 0.02 + 0.00 1678.5 <0.001
Native grass (%)° 54.82 +31.38 3.49 +14.39 547.5 < 0.001
Invasive grass (%)" 0.00 + 0.00 73.97 £ 18.97 5312.5 < 0.001
Herbs (%)® 24.59 + 27.58 7.14 £ 10.99 1890.5 0.001
Exposed rock (%) 19.41 £ 17.68 15.08 = 13.30 2295.0 0.119
Bare ground (%) 1.18 £8.92 0.32£2.52 2656.5 0.745
Necromass (%) 49.53 £22.93 44.68 +25.38 2258.0 0.100
Vegetation height (cm)® 4571 £7.16 54.84 + 6.41 4602.5 < 0.001

2 The differences were considered significant if P < 0.05
b P<0.05
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TABLE 3
Model selection results explaining nest-site selection at the
microscale by Brown Boobies on Castilho Island, Brazil
(December 2015-October 2016) according to corrected Akaike
Information Criterion (AICc) and weight (wi)

AICc AAICc wi

Fixed independent variables®

-Inv_gr® + Necr® 176.5 0.0 0.21
-Inv_gr® + Herb + Necr® 1770 0.5 0.17
-Inv_gr® + Rock + Necr® 177.6 1.1 0.12
-Inv_gr® + Bare_gr + Necr® 1785 1.9 0.08
-Inv_gr® + Herb +Rock +Neer® 1785 2.0 0.08
Null 209.3 32.8 0.00

@ Inv_gr: coverage proportion by U. decumbens; Necr: coverage
proportion by necromass; Herb: coverage proportion by native
herbs; Rock: proportion of exposed rock; Bare_gr: proportion of
bare ground; (-) negative relation; (+) positive relation

® Variables in bold have 95% confidence intervals of parameter
estimates that do not overlap zero and P < 0.05.

Invasion by exotic plants may change the species composition of
vegetation and structural parameters such as cover proportion by
herbs and vegetation height, which are all important features for
nest-site selection by some birds nesting on the ground (Fleishman
et al. 2003, Lloyd & Martin 2005, Spyreas ef al. 2010). Native
areas are vegetated by different herbaceous species, which have
distinct sizes and distribution. According to the parameters of
vegetation measured in invaded and native plots, native areas had
higher proportions of native grasses and herbs, lower vegetation
height, and no invasive grass. On the other hand, invaded areas were
apparently more homogeneous, both in structure and composition,
were vegetated predominantly by U. decumbens, and had higher
vegetation height. In addition, the invasive grass formed a dense
biomass layer (D’Antonio & Vitousek 1992, Freitas & Pivello
2005). Thus, invaded areas tended to be less favorable habitats for
nesting, other than Brown Boobies choosing to nest preferentially
in areas with scarce coverage by herbaceous vegetation (Schreiber
& Norton 2002, Krul 2004). Their movement is easier in those
areas, including access to the nest (Ma et al. 2011, Winiarski et al.
2017). Therefore, high coverage by U. decumbens, which is taller
and denser than native species, negatively affects booby nest-site
selection at the microscale, leading to a preference for native areas
at the macroscale.

Further, structural features of vegetation that influence nest-
microhabitat selection may have a complex relationship with
protection against nest predation, including strategies that prioritize
nest concealment or visibility (Gotmark et al. 1995, Gémez-Serrano
& Loépez-Lépez 2014). Brown Boobies alternate parental care, with
the nest rarely being without one of the parents, and they deal with
invaders aggressively (Sick 1997, Martins & Dias 2003, Ceyca
& Mellink 2009). Thus, visibility around the nest appears to be
prioritized, as the early detection of predators in invaded areas may
be more difficult.

Along with the coverage proportion by U. decumbens, the coverage
proportion by necromass positively affected the microscale selection
of nest-sites. Brown Booby nests are typically formed by dead
vegetation (Schreiber & Norton 2002, Grose et al. 2011). Thus, the

TABLE 4
Parameter estimates of the five top models (AAICc < 2) to
explain nest-site selection at the microscale by Brown Boobies
on Castilho Island, Brazil (December 2015-October 2016)

Variables® Estimate SE P CI
Model 1 Inv_gr® -2.62 0.52 <0.001 -3.68,-1.65
Necr® 1.70 0.82 0.038 0.12,3.41
Model 2 Inv_gr® -2.88 0.56 <0.001 -4.03,-1.83
Herb -1.06 0.82 0.190 -2.69,0.55
Necr® 1.82 0.84 0.030 0.21, 3.52
Model 3 Inv_gr® -2.54 0.52 <0.001 -3.61,-1.55
Rock 1.22 1.22 0.320 -1.11,3.73
Necr® 1.86 0.85 0.030 0.24, 3.62
Model 4 Inv_gr® -2.62 0.52 <0.001 -3.67,-1.64
Bare_gr 1.86 4.63 0.690 -4.12, 16.86
Necr® 1.64 0.83 0.047 0.05, 3.37
Model 5 Inv_gr® -2.78 0.57 <0.001 -3.95,-1.70
Herb -0.94 0.83 0.260 -2.59,0.70
Rock 0.97 1.25 0.440 -1.43,3.51
Necr® 1.92 0.86 0.030 0.29, 3.66

2 Inv_gr: coverage proportion by U. decumbens; Necr: coverage
proportion by necromass; Herb: coverage proportion by native
herbs; Rock: proportion of exposed rock; Bare_gr: proportion of
bare ground.

b Variables in bold have 95% confidence intervals (CI) of
parameter estimates that do not overlap zero and P < 0.05.

high proportions of necromass on nest-sites were clearly associated
with nest building. This was because the circular plots we used at
the microscale were centered on the nests.

We found strong evidence that higher cover proportions by U.
decumbens negatively affect nest-site selection by Brown Boobies
at both macro- and microscale. Thus, our results indicate that the
expansion of invasive plants, which occurs more on the islands
closer to the mainland, may be among the factors contributing
to the greater booby restriction to more remote areas. The rapid
expansion of U. decumbens, and its ability to produce large amounts
of biomass quickly, may significantly reduce the availability of
ideal nest-sites for Brown Boobies. Considering their currently
decreasing populations and the need for action to ensure their
long-term conservation, our results may guide the eradication
and controlling of invasive grasses in the breeding habitats of this
species, primarily in protected areas.

ACKNOWLEDGMENTS

The authors are grateful to the BioAustral Institute for their
partnership and logistical support. We thank J.P. Nepomuceno, G.
Althmann, and L. Benitez for field assistance; F.C. Tibério, H.D.
Lutgens, M. Martins, and E.M. Oliveira for their suggestions;
and J. Rechetelo for her suggestions and field support. We also
thank CNPq - National Council for Scientific and Technological
Development for the scholarship grant to G.G.A. and D.M.S.M.
(Fellowship of research productivity 307839/2014-1) and the
Boticario Group Foundation for Nature Protection for financial
support. We thank the editors for help in improving our paper.

Marine Ornithology 48: 111-117 (2020)



116 Almeida et al.: Brown Booby nest-site selection on Castilho Island, Brazil

REFERENCES

BAILEY, B.J.R. 1980. Large sample simultaneous confidence intervals
for the multinomial probabilities based on transformations of the
cell frequencies. Technometrics 22: 583-589.

BENOIT, LK. & ASKINS, R.A. 1999. Impact of the spread of
Phragmites on the distribution of birds in Connecticut tidal
marshes. Wetlands 19: 194-208.

BLOCK, WM. & BRENNAN, L.A. 1993. The habitat concept in
ornithology: Theory and applications. Current Ornithology 11:
35-91.

BRANCO, J.O. 2003. Nidificacdo das aves marinhas nas ilhas
costeiras de Santa Catarina, Brasil. Revista Brasileira de Zoologia
20: 619-623.

BURNHAM, K.P. & ANDERSON, D.R. 2002. Model Selection
and Multimodel Inference: A Practical Information-Theoretic
Approach, 2nd Edition. New York, USA: Springer-Verlag New
York.

CADOTTE, M.W., MCMAHON, SM. & FUKAMI, T. 2006.
Conceptual Ecology and Invasion Biology: Reciprocal Approaches
to Nature. Dordrecht, Netherlands: Springer Netherlands.

CANAVELLI, S.B., BECHARD, M.J., WOODBRIDGE, B.,
KOCHERT, M.N., MACEDA, J.J & ZACCAGNINI, M.E. 2003.
Habitat use by Swainson’s Hawks on their austral winter grounds
in Argentina. Journal of Raptor Research 37: 125-134.

CEYCA, J.P. & MELLINK, E. 2009. Ecologia reproductiva del bobo
café (Sula leucogaster) en Morros El Potosi, Guerrero, Mexico.
Revista Mexicana de Biodiversidad 80: 793-800.

CHERRY, S. 1996. A comparison of confidence intervals methods for
habitat use-availability studies. Journal of Wildlife Management
60: 653-658.

COELHO, E.P, ALVES, V.S., SOARES, A.B.A., ET AL. 2004. O
atoba-marrom (Sula leucogaster) na Ilha de Cabo Frio, Arraial
do Cabo, Rio de Janeiro, Brasil. In: BRANCO, J.O. (Ed.) Aves
Marinhas e Insulares Brasileiras: Bioecologia e Conservagdo.
Itajai, Brazil: Editora da Univali.

CROXALL, J.P, BUTCHART, S.H.M., LASCELLES, B., ET AL.
2012. Seabird conservation status, threats and priority actions:
A global assessment. Bird Conservation International 22: 1-34.

D’ANTONIO, C.M. & VITOUSEK, PM. 1992. Biological invasions
by exotic grasses, the grass/fire cycle, and global change. Annual
Review of Ecology and Systematics 23: 63-87.

D’ANTONIO, C.M., YELENIK, S.G. & MACK, M.C. 2017.
Ecosystem vs. community recovery 25 years after grass invasions
and fire in a subtropical woodland. Journal of Ecology 105:
1462—-1474. doi:10.1111/1365-2745.12855

DAVIS, S.K. 2005. Nest-site selection patterns and the influence of
vegetation on nest survival of mixed-grass prairie passerines. The
Condor 107: 605-616.

FASOLA, M. & CANOVA, L. 1991. Colony site selection by eight
species of gulls and terns breeding in the «Valli di Comacchio»
(Italy). Bollettino di zoologia 58: 261-266.

FLEISHMAN, E., MCDONAL, N., MAC NALLY, R., MURPHY,
D.D., WALTERS, J. & FLOYD, T. 2003. Effects of floristics,
physiognomy and non-native vegetation on riparian bird
communities in a Mojave Desert watershed. Journal of Animal
Ecology 72: 484-490.

FREITAS, G.K. & PIVELLO, VR. 2005. A ameaca das gramineas
exoticas a biodiversidade. In: PIVELLO, V.R. & VARANDA,
E.M. (Eds.) O cerrado Pé-de-Gigante: Ecologia e Conservagdo
- Parque Estadual de Vassununga. Sdo Paulo, Brazil: Secretaria
do Meio Ambiente.

GAN, X., CHOI, C., WANG, Y., MA, Z., CHEN, J. & LI, B. 2010.
Alteration of habitat structure and food resources by invasive
Smooth Cordgrass affects habitat use by wintering saltmarsh
birds at Chongming Dongtan, East China. The Auk 127:
317-327.

GARSHELIS, D.L. 2000. Delusions in habitat evaluation:
Measuring use, selection, and importance. In: BOITANI, L. &
FULLER, T.K. (Eds.) Research Techniques in Animal Ecology:
Controversies and Consequences. New York, USA: Columbia
University Press.

GIBSON, D., BLOMBERG, E.J., ATAMIAN, M.T. & SEDINGER,
J.S. 2016. Nesting habitat selection influences nest and early
offspring survival in Greater Sage-Grouse. The Condor 118:
689-702. doi:10.1650/condor-16-62.1

GOMEZ-SERRANO, M.A. & LOPEZ-LOPEZ, P. 2014. Nest site
selection by Kentish Plover suggests a trade-off between nest-
crypsis and predator detection strategies. PLoS One 9: e107121.

GOTMARK, F, BLOMQVIST, D., JOHANSSON, 0O.C. &
BERGKUVIST, J. 1995. Nest site selection: A trade-off between
concealment and view of the surroundings? Journal of Avian
Biology 26: 305-312.

GROSE, A.V,, SCHULZE, B. & CREMER, M.J. 2011. Registro
de reprodugdo do atobd-pardo Sula leucogaster (Suliformes:
Sulidae) em estrutura artificial no estudrio da bafa da Babitonga,
Santa Catarina, Brasil. Revista Brasileira de Ornitologia 19:
541-544.

HEJDA, M., PYSEK, P. & JAROSIK, V. 2009. Impact of invasive
plants on the species richness, diversity and composition
of invaded communities. Journal of Ecology 97: 393-403.
doi:10.1111/5.1365-2745.2009.01480.x

HERNANDEZ-VAZQUEZ, S., MELLINK, E., CASTILLO-
GUERRERO, J.A., RODRIGUEZ-ESTRELLA, R.,
HINOJOSA-LARIOS, J.A. & GALVAN-PINA, V.H. 2017.
Ecologia reproductiva del bobo café (Sula leucogaster) en tres
islas del Pacifico tropical mexicano. Ornitologia Neotropical
28: 57-66.

HURVICH, C.M. & TSAI C.-L. 1989. Regression and time series
model selection in small samples. Biometrika 76: 297-307.

INSTITUTO CHICO MENDES DE CONSERVACAO DA
BIODIVERSIDADE (ICMBIO) 2008. Plano de Manejo:
Estacdo Ecologica dos Tupiniquins. Brasilia, Brazil: ICMBio,
Ministério do Meio Ambiente.

JIMENEZ-ALFARO, B., CHYTRY, M., MUCINA, L., GRACE,
JB. & REIMANEK, M. 2016. Disentangling vegetation
diversity from climate-energy and habitat heterogeneity for
explaining animal geographic patterns. Ecology and Evolution
6: 1515-1526.

JOHNSON, T.H. & STATTERSFIELD, A.J. 1990. A global review
of island endemic birds. /bis 132: 167-180.

KOTLIAR, N.B. & BURGER, J. 1986. Colony site selection and
abandonment by Least Terns Sterna antillarum in New Jersey,
USA. Biological Conservation 37: 1-21.

KRUL, R. 2004. Aves marinhas costeiras do Parana. In: BRANCO,
J.0. (Ed.) Aves Marinhas e Insulares Brasileiras: Bioecologia e
Conservagdo. Itajai, Brazil: Editora da Univali.

LLOYD, J.D. & MARTIN, T.E. 2005. Reproductive success of
Chestnut-Collared Longspurs in native and exotic grassland. The
Condor 107: 363-374.

MA, Z., GAN, X., CAIL Y., CHEN, J. & LI, B. 2011. Effects of
exotic Spartina alterniflora on the habitat patch associations of
breeding saltmarsh birds at Chongming Dongtan in the Yangtze
River estuary, China. Biological Invasions 13: 1673-1686.

Marine Ornithology 48: 111-117 (2020)



Almeida et al.: Brown Booby nest-site selection on Castilho Island, Brazil 117

MACK, R.N., SIMBERLOFF, D., LONSDALE, W.M., EVANS, H.,
CLOUT, M. & BAZZAZ, F.A. 2000. Biotic invasions: Causes,
epidemiology, global consequences, and control. Ecological
Applications 10: 689-710.

MARTINS, FC. & DIAS, M.M. 2003. Parental care in Sula
leucogaster (Boddaert) (Aves, Pelecaniformes, Sulidae) on the
Currais Islands, Parand, Brazil. Revista Brasileira de Zoologia
20: 583-589.

MCCARY, M.A., MORES, R., FARFAN, M.A. & WISE, D.H.
2016. Invasive plants have different effects on trophic structure
of green and brown food webs in terrestrial ecosystems: A meta-
analysis. Ecology Letters 19: 328-335. doi:10.1111/ele.12562

MOONEY, H.A. & CLELAND, E.E. 2001. The evolutionary impact
of invasive species. Proceedings of the National Academy of
Sciences 98: 5446-5451.

OSPINA-ALVAREZ, A. 2008. Coloniality of Brown Booby (Sula
leucogaster) in Gorgona National Natural Park, eastern tropical
Pacific. Ornitologia Neotropical 19: 517-529.

PONS, P, LAMBERT, B., RIGOLOT, E. & PRODON, R. 2003.
The effects of grassland management using fire on habitat
occupancy and conservation of birds in a mosaic landscape.
Biodiversity & Conservation 12: 1843-1860.

PYSEK, P, JAROSIK, V. & T. KUCERA, T. 2002. Patterns of
invasion in temperate nature reserves. Biological Conservation
104: 13-24.

REJMANEK, M., RICHARDSON, D.M. & PYSEK, P. 2005. Plant
invasions and invasibility of plant communities. In: VAN DER
MAAREL, E. (Ed.) Vegetation Ecology. Oxford, UK: Blackwell
Publishing.

ROSENBERG, K.V., PASHLEY, D. ANDRES, B. ET AL. 2014.
The State of the Birds 2014 Watch List. Washington, USA: North
American Bird Conservation Initiative.

SAX, D.F. & GAINES, S.D. 2008. Species invasions and extinction:
The future of native biodiversity on islands. Proceedings of the
National Academy of Sciences 105: 11490-11497.

SCHREIBER, E.A. & NORTON, R.L. (2002). Brown Booby
(Sula leucogaster), version 2.0. In POOLE, A.F. & GILL, F. B.
(Eds.) The Birds of North America. Ithaca, USA: Cornell Lab
of Ornithology. doi:10.2173/bna.649

SICK, H. 1997. Ornitologia Brasileira. Rio de Janeiro, Brazil:
Nova Fronteira.

SPEAR, D., FOXCROFT, L.C., BEZUIDENHOUT, H.,
& MCGEOCH, M.A. 2013. Human population density
explains alien species richness in protected areas. Biological
Conservation 159: 137-147.

SPYREAS, G., WILM, B.W., PLOCHER, A.E., ET AL. 2010.
Biological consequences of invasion by reed canary grass
(Phalaris arundinacea). Biological Invasions 12: 1253-1267.

TAVARES, D.C., DE MOURA, J.F. & SICILIANO, S. 2016.
Environmental predictors of seabird wrecks in a tropical
coastal area. PLoS One 11: e0168717.

VILA, M., ESPINAR, J.L, HEJDA, M., ET AL. 2011. Ecological
impacts of invasive alien plants: A meta-analysis of their
effects on species, communities and ecosystems. Ecology
Letters 14: 702—708. doi:10.1111/j.1461-0248.2011.01628.x

WILLIAMSON, M.H. & FITTER, A. 1996. The characters of
successful invaders. Biological Conservation 78: 163—170.

WINIARSKI, JM., FISH, A.C., MOORMAN, C.E.,
CARPENTER, J.P,, DEPERNO, C.S. & SCHILLACI, J.M.
2017. Nest-site selection and nest survival of Bachman’s
Sparrows in two longleaf pine communities. The Condor 119:
361-374. doi:10.1650/condor-16-220.1

YORIO, P, BERTELLOTTI, M., GANDINI, P. & FRERE,
E. 1998. Kelp Gulls Larus dominicanus breeding on the
Argentine coast: Population status and relationship with
coastal management and conservation. Marine Ornithology
26: 11-18.

ZILLER, S.R. & DECHOUM, M.S. 2014. Plantas e vertebrados
exdticos invasores em unidades de conservagdo no Brasil.
Biodiversidade Brasileira 2: 4-31.

Marine Ornithology 48: 111-117 (2020)



