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Abstract: The Brown Booby, Sula Leucogaster , is one of the most common species of marine birds of the
Brazilian coast and, in spite of being a viable subject for long-term studies, in Brazil there are scarce demographic
descriptions of this species obtained from observations made in sets of consecutive years. This paper presents
breeding information collected in monthly samples taken in the Moleques do Sul Island, Florianépolis, Santa
Catarina, during a five year period. The main island was divided into three different study areas, in which adult
censuses were conducted, along with counts of number of nests, eggs, chicks and incubating adults. No significant
change was found in these numbers during the sampled years and the breeding season extended over the entire year,
with a peak production of eggs and chicks from August to November. The flatter areas I and I were preferentially
used, where a higher number of nests with two eggs were found. A certain number of individuals abandoned the
colony outside the breeding season during some of the sampled years, which may be related to an alternation
between abandonment and permanence, non-exclusive phenomena possibly associated with food availability and
favorable environmental conditions. The long term knowledge of the demographic patterns and of occupation
parameters of this Brown Bobby colony is essential for the conservation of the species and its habitats.
Keywords: Brown Booby, reproduction, demographic parameters, Santa Catarina, Brazil.
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Resumo: O atoba-pardo, Sula Leucogaster , ¢ uma das espécies mais comuns de aves marinhas do litoral brasileiro
e, apesar de passivel a ser objeto de estudos de longo-termo, no Brasil ha escassas descri¢cdes de aspectos da
demografia da espécie obtidas a partir de observagdes realizadas em conjuntos de anos consecutivos. O presente
trabalho fornece informagdes sobre sua reprodugao coletadas em amostragens mensais realizadas na Ilha Moleques
do Sul, Florianopolis, SC, em um periodo de cinco anos. A ilha foi subdividida em trés diferentes areas de estudo,
onde foram realizados censos de adultos e contagem do niimero de ninhos, ovos, filhotes e adultos incubando.
Verificou-se que ndo houve alteragdo significativa dos nimeros nos anos amostrados, com a temporada reprodutiva
se estendendo ao longo de todo ano e pico de postura de agosto a novembro. As areas II e I, mais planas, foram
utilizadas preferencialmente e encontrou-se maior nimero de ninhos com dois ovos. Houve abandono da coldnia
por certo nimero de individuos fora do periodo reprodutivo em alguns dos anos amostrados, o que pode estar
relacionado a uma alternancia entre abandono e permanéncia, fendmenos ndo excludentes possivelmente associados
a disponibilidade de alimento e condi¢des ambientais favoraveis. A populagdo do atoba-pardo que nidifica na Ilha
Moleques do Sul esta em equilibrio, ndo sofrendo alteragdes no contingente reprodutivo ao longo dos anos. O
conhecimento dos padrdes demograficos e de ocupagio da colonia a longo termo ¢ essencial para a conservagao
das espécies e habitats envolvidos.

Palavras-chave: Atoba-Pardo, reprodugdo, pardmetros demogrdficos, Santa Catarina, Brasil.
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Introduction

The Brown Booby, Sula leucogaster (Boddaert 1783), has a
geographic distribution within the tropical oceans, stretching between
the latitudes of 30° N and 30° S (Marchant & Higgins 1990). This
Booby is considered to be one of the most common marine bird
species along the Brazilian Coast and, although Sick (1997) has
estimated its population in about 5.000 individuals, currently its
population is known to be much bigger. In the Currais Archipelago,
Parand, Krul (2004) observed an approximate number of 2,800
individuals, between the months of February and May. Neves (1999)
cites 2,000 individuals on the Laje de Santos and Campos et al. (2004)
counted 800 individuals on Castilho Island, both these colonies are
located along the Sao Paulo Coast. Large populations of S. leucogaster
also inhabit islands off the Rio de Janeiro Coast (Alves et al. 2004a)
and the Abrolhos Archipelago, Bahia (Alves et al. 1997, Alves et al.
2004b). Smaller populations are recorded from the Fernando de
Noronha Archipelago and the Atol das Rocas (Schulz-Neto 2004a, b),
and from the Sao Pedro and Sao Paulo Archipelago (Both & Freitas
2004). In Santa Catarina, reproduction has been confirmed in the
Tamboretes (Branco 2003), Baia da Babitonga (Grose et al. 2011) and
Moleques do Sul Archipelago, representing the southern distribution
limit of the species (Bege & Pauli 1989, Branco et al. 2005).

The Brown Booby shows easily identified sexual dimorphism,
which, according to Lewis et al. (2005), extends to the differential
selection of feeding sites. The females make shorter trips and are
more active in defending the nests, while males are smaller and more
agile, make longer trips and are best suited to provide food for the
nestlings. However, Tershy & Croll (2000) concluded that females are
responsible for delivering a greater proportion of food to offspring,
than males. The species breeds continuously and desynchronized,
although reproductive peaks are observed (Alves et al. 1997, Branco
2004). The nests are made on the ground with sticks, dry leaves,
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feathers and sometimes man-made material (Martins & Dias 2003,
Coclho et al. 2004). Usually two eggs are laid which are incubated in
alternating shifts during 42 to 45 days (Doward 1962, Sick 1997). This
is a species that has a long life span, slow growth and low fecundity,
and, is therefore, a viable subject of long-term studies (Beadell et al.
2003). In Brazil, only Branco et al. (2010) describes the demography
of'the species from observations made during a number of consecutive
years in the Moleques do Sul Islands, Santa Catarina.

The present study provides additional information about the
reproduction of the Brown Booby colony in Moleques do Sul Island.
The data is analyzed to verify the occurrence of changes in population
size during five years and if there is a preference for particular types
of nesting substrates. Aspects of colony fidelity and demographic
patterns that characterize the presence of the species on the island
are discussed.

Material and Methods

Samples were taken monthly in the Moleques do Sul Islands,
Florianopolis, Santa Catarina (27° 51° S, 48° 26’ W) during the period
from January 2002 to December 2007, except during July, 2002, 2004
and 2007 and December 2003, 2004 and 2006. The main island of
the Moleques do Sul Archipelago (Figure 1) was subdivided into
three different study areas of the same size (m?), with areas I and IT
located on the west side and exposed mainly to NE and SE winds;
and area III in the area facing the east side, under greater influence
of the N and NW winds. The area I consists of a steeply inclined
slope going from the high tide mark, through creeping grass and
small rocky outcrops, up to the bushes. The area II is dominated by
bare soil, conglomerate rocks and small bushy areas, while area III
is predominantly characterized by a mixture of bare soil and rocks,
surrounded by bushes and a large ravine.
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Figure 1. Map of sampling site, Moleques do Sul Island showing the main island.
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Censuses of Sula leucogaster were conducted, including counts
of the number of nests, eggs / nest, chicks and incubating adults.
The nestlings were captured with hands or dip nets and classified
according to their plumage, following Dorward (1962), and culmen
length categories (measured by the culmen nozzle was measured from
the tip to the base, Table 1). The variance of the number of nests,
young and adults between years and within study areas, was examined
using a fixed ANOVA (Sokal & Rohlf 1969). The homogeneity of
variance was analyzed using the Kolmogorov-Smirnov test, while the
Tukey-Kramer test was applied to the occurrence of different statistics
(p <0.05), to indicate which mean values were significantly different.

Results

Two peaks in abundance of breeding adults were observed at the
site, the first in January and February, and the second from August
to November, with significant differences (F, ., _2.631, p < 0.01)
between the months of January (higher) and May (lower) (Table 2).
The largest total numbers of adults occurred in the 2002, 2005 and
2007 seasons, and the lowest in 2003 and 2004, with no significant
difference between the sampled years (F, (= 0.1177, p <0.05). The
number of incubating adults also showed no significant differences
over the sample period during the years of study (F, ,,_0.8920,
p > 0.05). However, they were significantly more abundant in areas
I and II than in area III (F, ., 23.377, p <0.05) (Figure 2).
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From January to July there was a gradual decrease in the number
of incubating adults, nests and chicks, increasing up to the peak in
October / November (Figure 2). The reproductive season extended
throughout the year and the peak production occurred between August
and November with a significant difference in the number of nests
(F,, 4;-9.573, p < 0.0001). The contrast between the values of the
peak and the period from May to July was the source of variation.
No significant difference (F, ;,_0.622, p> 0.05) was observed in the
total number of nests over the years, although the largest number was
recorded in 2002 and the lowest in 2004 (Table 2).

The number of nests was significantly different within the months
during the sampled years (F,, ,,_2.497, p<0.05) and within sampled
areas (F, ., 4.873, p<0.05). The contrast between the higher values
in area II than in area III was the cause of the variation (Figure 2).
The number of young did not change significantly over the months
and years (F,, ,, _1.540, p > 0.05), but in 2002 and 2005 the number
of young was significantly higher (F; ( _2.546, p < 0,05) than in
2006 (Table 4). There was also a significant difference (F , ,,_3.883,
p <0.001) between the highest numbers in January and November and
the lowest in June and July (Table 1 and 2), more young being found
inareas Il and Il than inarea [ (F, ;,=12.611, p<0.0001) (Figure 2).

We found that 64.3% of the nests contained two eggs and 35.5%
and 0.2%, one and three eggs, respectively. A larger number of nests
were concentrated in area II, followed by areas I and III, except during

Table 1. Classification of young S. leucogaster according to their plumage (following Doward 1962) and to culmen length categories.

Stage Age (days) General Characteristics Culmen
Length
Young I 1-13 Devoid of feathers 1.0to 3.1 cm
Young II 14-36 Covered with white feathers 2.91t0 6.6 cm
Young IIT 37-60 Visible remiges and rectrices feathers 6.7 t0 9.6 cm
Young IV 85-105 Completely feathered or with traces of feathers on the head, neck and flanks 8.2t010.2 cm.
Juvenile 120 Brown feathered and able to fly 8.4 t0 10.6 cm.

Table 2. Monthly distribution of the total number of adults, chicks and nests of S. leucogaster during the 2002 to 2007 reproductive seasons, in the Moleques

do Sul Islands.
Year N J F M A M J J A S (0] N D Total
adults 933 464 516 798 87 412 - 1525 433 526 565 490 6749
2002 nests - 3 1 1 - 4 - 426 192 80 129 80 916
chicks 171 173 117 97 181 10 - 14 51 115 204 241 1374
adults 593 828 344 200 302 129 236 262 364 630 513 - 4401
2003 nests - 1 4 - - - 90 149 166 201 175 - 786
chicks 125 88 67 54 41 29 16 40 72 103 136 - 771
adults 924 584 263 145 168 181 - 332 557 413 744 - 4311
2004 nests 10 5 2 2 3 2 - 30 158 124 121 - 457
chicks 131 35 70 42 37 12 - 2 100 117 212 - 758
adults 430 430 443 417 431 548 493 357 429 564 539 929 6010
2005 nests - 14 15 19 16 46 167 102 130 161 125 50 845
chicks 154 218 74 142 135 25 30 157 102 109 94 140 1380
adults 965 544 218 303 233 355 252 467 398 708 433 - 4876
2006 nests 28 15 4 1 2 16 170 178 125 190 129 - 858
chicks 128 86 77 59 29 14 15 41 97 55 58 - 659
adults 898 703 537 385 336 605 - 565 435 600 551 155 5770
2007 nests 9 43 47 24 9 21 - 306 115 120 95 16 805
chicks 146 113 131 103 65 58 - 17 95 88 138 39 993
adults 4743 3553 2321 2248 1557 2230 981 3508 2616 3441 3345 1574 32117
Total nests 47 81 73 47 30 89 427 1191 886 876 774 146 4667
chicks 855 713 536 497 488 148 61 271 517 587 842 420 5935
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Figure 2. Monthly abundance of adults in breeding activity, nests and chicks of S. leucogaster in three areas during the 2002 to 2007 seasons on the Moleques

do Sul Islands.
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2004 and 2006 when area I1I had the highest concentration of nests.
The number of chicks followed the same trend as the nests, with
respect to number per area, where 32.1% were juveniles followed by
young III (31.3%), II (15.1%), I (11.9%) e IV (9.6%), respectively
(Table 3). The year 2007 was somewhat atypical for the occurrence
of juveniles because chicks were not observed in January, September
and October. We did not notice any numerical synchronism in the
sequence of age classes during sequential months. The number of
individuals which should pass from one phase to another during the
period of two or three months was noticeably different than expected
(Table 4).

Discussion

Despite the breeding peaks which were shown during the
present study, the annual total number of adults, nests, and chicks
recorded in the Moleques do Sul Islands did not change significantly.
However, the years 2002 and 2005 had the largest numbers of adults,
nests and chicks, which may be related to periods of favorable
environmental conditions. In general, along the Brazilian Coast,
the Brown Booby tends to breed continuously, although peaks
of reproduction can be observed. Borsa et al. (2010) suggest that
the advantages of reproductive seasonality may be the prevention
of parasite epidemics and reduction of exposure to predators. On
the other hand, the existence of well-defined reproduction peaks
may reflect greater prey availability and more appropriate climatic
conditions. In Abrolhos, Bahia, most nests with eggs occur between
March and July (Alves et al. 1997), in Sao Paulo from May to October
(Campos et al. 2004), along the Parana Coast from February to May
(Krul 2004), on Baia da Babitonga, Sao Francisco do Sul from June
to October (Grose etal. 2011) and on the Moleques do Sul Islands, as
the results indicate, from August to November. It is clear that there is
a predominance of peaks during the autumn and winter months, with
smaller numbers of nesting adults, eggs and chicks in the summer
months, with the exception of the state of Parana. The adult population
average number increased 160% from a year to another (March)

on a rest site in Franceses Island (ES), while the young population
remained almost constant (Schuler & Pinheiro 2009).

There was a predominance of breeding activity in areas I and II,
in contrast to decreased use of area III, suggesting that the winds and
the proximity of shrubs and trees (substrate for predators) directly
affect their occupation of the site. According to Chaves-Campos &
Torres (2002), Brown Boobies may give preference to the occupation
of more flat or slightly inclined areas, in the absence of interspecific
competition, or for the safety of young and/or for a greater facility
to fly. In Cabo Blanco, Costa Rica, the authors noted the Boobies
preferred to nest in flat areas, which is corroborated by the findings
from this study.

There are two hypotheses which explain the colony occupation
patterns: one of them suggests that individuals defend the territories of
their nests even outside the reproductive period and the other suggests
that the occupation of the colonies occurs only during breeding period.
On the Moleques do Sul Islands some Boobies left the colony outside
the breeding season during some of the sampled years, which was
evidenced by the fact that a lower number of adults were present
between the months of May and July in 2002 and 2004. However,
in previous research, Branco et al. (2010) observed the occurrence
of site fidelity for breeding, as described by Nelson (1978), which
corroborates that found by Chaves-Campos & Torres (2002) regarding
the permanence of species in the colonies during non-breeding
periods. On Cabo Blanco Island, Boobies are present throughout the
year (Chaves-Campos & Torres 2002), while in Ascension Island they
are usually absent outside the reproductive period (Doward 1962), as
well as in islands in New Zealand (Powlesland & Powlesland 1993).

The predisposition and philopatry for emigration in S. leucogaster
is a widely accepted fact (Beadell et al. 2003). Baumgarten et al.
(2001) even consider that perhaps the low genetic variability detected
in Boobies could be a consequence of endogamy resulting from the
philopatric pattern of the species. However, Branco et al. (2010)
recorded only 1.97% fidelity for Boobies which were marked on
the Moleques do Sul Islands between June 2000 and December

Table 3. Number of nests with two and three eggs, Young L, II, IIl and IV and juvenile S. leucogaster in the three study areas during the 2002 to 2007 reproductive

seasons on the Moleques do Sul Islands.

Years Area C1 C2 C3 TOTAL JI JII JIII JIV Juv TOTAL
I 70 102 2 174 50 39 119 53 213 474
2002 II 159 401 0 560 72 116 221 51 121 581
11 62 101 0 163 18 25 70 16 49 178
I 81 135 0 216 35 31 57 19 83 225
2003 I 160 280 2 442 93 74 119 39 136 461
11 29 71 0 100 16 14 13 7 29 79
I 30 48 0 78 16 37 66 20 56 195
2004 I 108 186 2 296 40 84 168 35 106 433
111 34 24 0 58 2 3 36 6 20 67
I 61 85 0 146 23 37 47 22 109 238
2005 1I 198 309 2 509 78 109 160 71 211 629
11 20 32 0 52 18 11 24 8 15 76
I 40 83 0 123 18 18 48 4 54 142
2006 1I 173 311 0 484 50 40 121 28 107 346
111 48 45 0 93 10 3 17 2 14 46
I 41 93 0 134 9 19 43 26 54 151
2007 1I 104 243 0 347 21 43 133 41 128 366
I 16 44 0 60 2 21 33 10 27 93
1434 2593
TOTAL (35.5%)  (64.3%) 8(0,2%) 4035
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Table 4. Number of nests with young I, II, IIl and IV and juvenile S. leucogaster during the 2002 to 2007 reproductive seasons on the Moleques do Sul Islands.

Years J F M A M J J A S (0] N D TOTAL
I 14 3 0 1 0 0 - 3 32 25 13 49 140
JII 11 43 1 0 0 0 - 1 11 63 33 17 180
2002 JIII 59 55 29 30 0 0 0 10 104 119 410
v 33 35 7 15 0 0 - 0 0 5 0 25 120
J 16 20 69 51 186 10 - 10 4 12 1 4 383
I 14 0 0 0 0 0 0 16 34 42 38 - 144
JII 16 7 0 2 0 0 0 15 28 26 25 - 119
2003 JIII 34 48 22 4 0 0 0 0 2 20 59 - 189
v 16 16 5 10 1 0 5 2 0 0 10 - 65
J 41 17 40 36 40 29 9 9 8 15 4 - 248
J 4 1 2 0 1 1 - 0 12 11 26 - 58
JII 10 3 0 1 2 0 - 0 62 27 19 - 124
2004 JIII 83 10 13 5 1 0 - 0 12 55 91 - 270
v 16 7 5 8 2 0 - 0 0 0 23 - 61
J 15 14 44 27 28 11 - 0 5 6 32 - 182
I 0 8 0 3 11 1 12 0 29 13 11 31 119
JII 0 26 0 5 3 3 0 53 11 14 33 157
2005 JIII 0 54 0 24 21 4 4 0 10 55 33 26 231
v 0 42 0 8 9 1 0 0 1 4 18 18 101
J 0 72 0 86 81 16 4 0 9 18 17 32 335
) 11 6 2 0 0 2 1 28 0 8 20 - 78
JII 10 10 8 1 0 1 0 3 0 16 12 - 61
2006 JIII 67 38 29 18 6 1 1 3 0 13 10 - 186
v 5 12 5 3 1 1 2 0 0 0 5 - 34
J 29 20 30 31 22 5 11 7 0 13 7 - 175
I 0 1 6 4 4 0 - 1 0 0 11 5 32
JII 0 17 15 17 5 3 - 4 0 0 15 7 83
2007 JIII 0 48 35 27 19 5 - 1 0 0 66 8 209
v 0 11 15 7 3 8 - 1 0 0 24 8 77
J 0 28 37 35 32 42 - 10 0 0 14 11 209

2005. Mellink et al. (2001) showed that the Brown Boobies that
were on Isla San Jorge, Gulf of California, who usually remain in
the colony after the breeding season, may abandon it by interrupting
the breeding season due to the influence of weather conditions. So it
seems that both hypotheses, abandonment and retention, may not be
mutually exclusive, which would explain the occurrence of apparent
abandonment of the colony by few individuals in 2002 and 2004 and
permanence in the remaining three years of this study. It is not known
if the Boobies that stay in the colonies outside the breeding season
continue to defend their nesting territories, because this is one aspect
of this species behavior which has not been studied.

The predominance of nests with one egg, recorded in the
Moleques do Sul and Tamboretes Islands by Branco (2003, 2004),
does not agree with the predominance of nests with two eggs found
in this study. A higher proportion of nests with two eggs was reported
by Alves et al. (2004a) and Coelho et al. (2004) on islands in Rio de
Janeiro. Ostrowski et al. (2005) also found a higher proportion of
nests with two eggs (67.6%) on islands in Saudi Arabia. According
to Drummond et al. (2003), the laying of two eggs in S. leucogaster
is an adaptive strategy that ensures a greater chance of reproductive
success for the species. The second chick to be born may be necessary
to replace the senior one if it proves to be unviable or suffers
predation. The presence of nests with three eggs is infrequent and
may be related to intraspecific parasitism. In this case, the additional
third egg may have been laid by a female stranger, not part of the
couple, as pointed out by Baumgarten et al. (2001). Perhaps the

http://www.biotaneotropica.org.br

predominance of nests with one egg recorded in years prior to this
study by Branco (2003, 2004), may be due to variations in climate
and to food availability.

The Brown Booby population, which nests on the Moleques do
Sul Islands is in balance and does not undergo changes in population
size during the reproductive years, indicating a favorable place for the
conservation of the species. Long-term knowledge of demographic
patterns and of colony occupation will enable us to monitor its
life history. It will also be interesting to make an effort to develop
behavioral studies to verify the presence of adults during the non-
breeding period, and to compare the reproductive success between
the three sub-areas.
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