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ABSTRACT. Data on Sotalia guianensis Van Bénéden, 1864 occurrence on the beaches of Pernambuco (Northeast-
ern Brazil) is restricted to information on stranding and on printed material from local newspapers; actual
observations of such animals have not been published. This study intends to determine the use of habitat,
behavioral activities and assess the relationships between environmental factors and the recorded behavior.
Observations were conducted on open sea coastal areas, on the beaches of Olinda and Piedade, as well as in
sheltered areas, in the ports of Recife and Suape. Monitoring was carried out every month in each area, during
two consecutive days, from September 2004 to August 2005. Results corroborate that this species prefers to
occupy more protected environments, the port of Recife being the main concentration area for such species.
Piedade is just an exploratory area, possibly due to shark occurrence. Olinda is only occasionally used. Concen-
tration areas seem to be used for feeding, and incidence of caudal exhibition suggests that most of the estuarine
dolphin prey items are demersal. Environmental conditions (seasonality, tide and time) did not show to be
significant when related to the estuarine dolphin behavior.

KEY WORDS. Behavioral activities; environmental factors; estuarine dolphin.

RESUMO. Influéncia da sazonalidade, maré e horario de atividades sobre o comportamento de Sotalia
guianensis (Van Bénéden) (Cetacea, Delphinidae) em Pernambuco, Brasil. Dados sobre a ocorréncia de Sotalia
guianensis Van Bénéden, 1864 nas praias pernambucanas (Nordeste do Brasil) estio limitados a informacgdes de
encalhes e de matérias impressas nos jornais locais, sendo inéditas observacGes efetivas desses animais. Este estudo
pretende determinar o uso do habitat, comportamento e avaliar as relacdes entre fatores ambientais e as condutas
registradas. Observacoes foram realizadas tanto em areas costeiras de mar aberto, nas praias de Olinda e Piedade,
quanto em areas abrigadas, nos Portos do Recife e Suape. O monitoramento foi realizado por dois dias consecuti-
vos por més em cada area, no periodo de setembro de 2004 a agosto de 2005. Os resultados corroboram a
preferéncia da espécie em ocupar ambientes mais protegidos, sendo o porto do Recife o principal ponto de
concentracao da espécie. Piedade é apenas uma area exploratéria, possivelmente pela ocorréncia de tubardes.
Olinda tem uso ocasional. As areas de concentracio parecem estar destinadas a alimentacdo, e a incidéncia de
condutas caudais sugere que a maioria das presas dos botos-cinza é demersal. As condi¢des ambientais (sazonalidade,
maré e horario) ndo se mostraram significativas quando relacionadas com as condutas realizadas pelos botos-cinza.
PALAVRAS-CHAVE. Atividades comportamentais; boto-cinza; fatores ambientais.

Before MonTEIRO-FiLHO et al. (2002) and Cunna et al. (2005)
the estuarine dolphin, Sotalia guianensis (Van Bénéden, 1864),
was identified as S. fluviatilis and was classified as a fluvial and
coastal ecotype. S. guianensis can be found from Honduras to
Santa Catarina (pa Siva & Best 1996), although it does not show
long displacements (up to 28.97 km/day) (FLores & Bazzaro
2004), remaining on the same area all the year round (StMOEs-

Lores 1988, Herzer & Lopr 1993, FLores 1999, Santos et al. 2001,
Rossi-Santos et al. 2007).

Information on age classes, growth and reproduction
(Rosas & MonterRo-Fino 2002, Rosas et al. 2003) were possible
due to stranding records on S. guianensis (NUNEs & MACHADO
2001) and skeletons accidentally found during fishing activi-
ties (BrrTeNncourT 1984, Borosia & Barros 1989, Barros & TEIXEIRA
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1994), contributing to the increase of scientific collections, thus
allowing morphometric studies (MonTeRo-FiLHO et al. 2002).

Environmental factors, such as depth of places regularly
visited, tidal movement, time of the day (Wursic & WursiG 1979)
and seasonality (Karczmarski 1999) have been analyzed in order
to explain the distribution patterns and habitat use by cetaceous
populations. Estuarine dolphin preference for shallow or deep
waters varies between the different studied areas and it might be
related to each habitat characteristics. Diurnal activities of the S.
guianensis in Baia da Guanabara (Rio de Janeiro) were influenced
by time, but no variation was noticed due to tidal and local depth
factors (Azevepo et al. 2007). Information on seasonal variation
on the S. guianensis group size is reduced; however, seasonal dif-
ferences in the group size were not found on a recent study car-
ried out at Baia de Cispatd, Colombia (Garcia & TrujiLo 2004).
Another research, however, has shown the occurrence of smaller
groups during spring and winter than during summer and au-
tumn, a feature possibly related to the seasonal variation in dol-
phins behavior (Daura-JorGt et al. 2005). In Baia Norte, Santa
Catarina, Daura-Jorge et al. (2004, 2007) have also found this sea-
sonal variation to affect groups intensity of movement. At the
same study site, WeDekIN et al. (2007) recorded higher concentra-
tion of individuals in different locations in the bay. They believed
that such variation was due to seasonal changes, albeit differences
in the home range of the groups were absent (WepExiN et al. 2007).

Results obtained in researches on behavioral patterns have
influenced conservation work and show that behavioral atti-
tudes that keep species in their own habitat are relevant (BEissINGER
1997). The estuarine dolphin feeding activity is normally the
most observed one among the ethological studies (Aravjo et al.
2003, Garcia & Trujitco 2004, Daura-JorGe et al. 2005). Resting
and socialization behavior are difficult to be recognized, and
thus, less recorded (Daura-JorGt et al. 2005).

There is still little information on the activities of the es-
tuarine dolphins in open sea areas, as most of the studies were
carried out in sheltered waters (Araujo et al. 2003, Lobr 2003,
Torres & BeasLey 2003, FLores & Bazzaro 2004, DAUrA-JORGE et al.
2004, 2005, Rossi-Santos et al. 2007, WepEkIN et al. 2007). More-
over, data on the estuarine dolphin occurrence on the beaches
of Pernambuco is restricted to records on stranding (Borosia et
al. 1991, Parente et al. 2006) and information published by the
mass media (Diario de Pernambuco and Jornal do Comércio).
Actual observations of such animals have not been published,
and information regarding the ecological and behavioral aspects
are also absent. The only estuarine dolphin known to be moni-
tored in the past, in Pernambuco, is a specimen that remained
stranded for 22 days on a natural pond on Maracaipe beach
(PAreNTE et al. 2006). Seventeen reports in Pernambuco newspa-
pers were published between 1994 and 2006 regarding this spe-
cies occurrence. Such reports informed species occurrence from
Itamaraca (7°48’S and 34°50'W) to Maracaipe (8°30’S and
35°07'W), stating that the first record occurred in Port of Suape
(Diario de Pernambuco, April 9, 2006).

The purpose of this work was to study S. guianensis habi-
tat and behavioral activities in four different sites in Pernambuco
(two close areas and two open areas), assessing the possible in-
fluences of the environmental factors, period of the day, season-
ality and tidal conditions on the observed behavior.

MATERIAL AND METHODS

Study areas

The present study was carried out at Bairro Novo beach
(Olinda), in Bacia Portuéria do Recife (Recife) (port basin), on
Piedade beach (Jaboatao dos Guararapes) and in Complexo
Industrial Portudrio de Suape (Industrial and Port Complex,
Ipojuca) (Fig. 1). Depth of the sites where the estuarine dol-
phins usually stay, considering the studied areas, varied from 5
to 8m on the beaches of Olinda and Piedade, and from 13 to
18 m in the ports of Recife and Suape (V. Manso, pers. comm.).
An area up to 10 m deep is considered shallow and over this is
considered deep. The distance between the estuarine dolphins
and the observation site is between 30 and 300 m.

A long breakwater, which had been built perpendicular to
the coastline, in Olinda (7°59’S, 34°50’W), had modified the lo-
cal hydrodynamics, causing aggradation on the sea-wall and
water stagnation during the ebb-tide (Pererra et al. 1996). The
Port of Recife (8°02’S, 34°51'W) is located in an urban zone and
is subject to constant discharges from the Pina Basin, as well as
from the Capibaribe and Beberibe Rivers (ResurreicAo et al. 1996).
Piedade beach (8°09’S, 34°54'W) presents two different zones:
one without reef formation (where observations were carried out)
and another one presenting such kind of formation (Sousa &
CocentiNo 2004). The mouth of the Jaboatdo and Pirapama Riv-
ers, which form Barra das Jangadas Estuary is the northern bound-
ary of Complexo Industrial e Portuario de Suape (8°23’S, 34°57'W)
the southern one is Pontal do Cupe (NEUMANN et al. 1998).

Data Sampling and Analysis

Observations were carried out every month, for two con-
secutive days, for each of the four selected areas. Time spent on
daily observations was of 11 hours, from 6:00 a.m. to 5:00 p.m.
from September 2004 to August 2005. It was established that
the morning period would go from 6:00 a.m. to 11:30 a.m.; the
afternoon period would be between 11:31 a.m. and 5:00 p.m.
Sampling was carried out through two seasons, draught (Sep-
tember to February) and rainy (March to August). Pluviometric
data (for each month of the year, N = 12), registered by the
weather stations in the municipalities, was acquired on the site
of Instituto Tecnolodgico de Pernambuco (www.itep.br). The Port
of Recife tide table (Diretoria de Hidrografia e Navegacao da
Marinha do Brasil) was used for the observation sites of Olinda,
Piedade and Port of Recife; for Port of Suape, its own tide table
was used as reference. For tidal analysis two “meteorological
tidal” statuses were used: flood and ebb.

Observations were carried out on land, records on be-
havioral occurrences were noted down at 15-minute intervals.
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Figure 1. Location of the observation sites for the estuarine dolphin on the coast of Pernambuco.

No individual identifications were carried out; all behaviors
were equally recorded, considering their attitudes at the mo-
ment they were seen (SLooTEN 1994).

State and event were considered as different occurrences,
where it is assumed that a state involves long-duration behav-
iors, while an event is an instant occurrence (LEHNER 1996, MAr-
TIN & Bateson 1998). Definitions of the behavioral events were
obtained and adjusted from Geise (1991), Araujo et al. (2003)
and Sourto et al. (2006). These are: (1) Swimming (“surfing” and
quick diving or “porpoising”); (2) feeding strategies (chase and
object controlling); (3) aerial behavior (tailslap, periscope or “spy-
hopping”, pectoral, total leaping, partial leaping, somersault).

It is important to mention that some behaviors are less
conspicuous than others. Thus, especially in conditions were a
large number of individuals are present and/or the observer is
inexperienced, biasing during sampling can occur. However,
groups of S. guianensis in northeast Brazil usually consist of few
individuals (about four animals), a feature that strongly facili-
tates the precise recording of their behavior. Moreover, the ob-
server (JPA) is well experienced with the behavior of these ani-
mals, studying them since 1994. Given these two conditions we
consider that biasing during data collection unlikely occurred.

The number of individuals observed (on each 15-minute
interval) for each behavioral event was used to calculate fre-
quency behavior. To analyze activity patterns in relation to the
variables time, tide and seasonality, as well as to assess time
permanence and the mean number of the estuarine dolphins
in the studied areas, the Mann-Whitney U Tests was employed.
The Spearman correlation test was used to verify relationship
between the number of individuals and the pluviometric in-
dex. All analyses were carried out by means of the SPSS pro-
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gram, version 8.0, the p < 0.05 (bilateral) level of significance
was adopted.

RESULTS

Ninety-six field outings were performed, which resulted
in 1.056 hours of sampling effort (264 hours per site), making
a total of 189 hours and 45 minutes of effective behavioral
records. Estuarine dolphins were found to be present during
longer intervals in the Port of Recife area (100 hours), while in
the Port of Suape and on Olinda beach they were seen during
51 and 35 hours, respectively; a significant difference was no-
ticed when relating the Port of Recife with Port of Suape and
Olinda beach (nly2 =11, U =29.0, U =19.0, p =< 0.05, in both
cases). The shortest observation period, regarding estuarine
dolphins, occurred at Piedade beach, three hours and 45 min-
utes; a significant difference was found when relating this beach
to the other port areas (n]’2 =11; U =0, in both cases; p < 0.05).

Considering the 24 field outings carried out on each site,
estuarine dolphins were seen on 22 days in the ports of Recife
and Suape, with means of 2.83 (SD = 1.24) and 2.86 (SD = 1.24)
individuals per area, respectively. They were seen 12 days in
Olinda (mean = 1.18, SD = 1.20) and 9 days in Piedade (mean of
1.37, SD = 1.58). The number of days observed in the four areas
presented a significant variation when relating the Port of Recife
to the beach areas (n,,=24,U=121.5,U=87.0, p < 0.05). This
also was noticed when relating Port of Suape to the other two
beaches (n,, = 24, U = 148,0, U = 80,0, p < 0,05, in both cases),
where a sighiﬁcant difference was verified.

The number of individuals observed per group, at each
15-minute interval, varied between one and 10 (the maximum
number of animals occurred in the Port of Recife). The maxi-
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mum number of records in the other sites varied from four to
seven estuarine dolphins (Fig. 2).

As to behavioral frequency, tailslap, total leaping, spy-
hopping, porpoising, partial leaping and chase were mostly
recorded in the above order, for the Port of Recife (96.78%)
and Suape (94.82%) areas and for Olinda beach (93.24%). Three
other behaviors were recorded in these areas: object control-
ling, pectoral and somersault, although rare during observa-
tions. In Piedade, 100% of the behavior observed may be un-
derstood as a going through activity (total leaping, partial leap-
ing, porpoising and “surfing”) (Fig. 3).

Variation on behavioral frequency did not show to be
statistically significant (Tab. I), when compared to the morn-
ing or afternoon periods, seasonality and tidal levels (Figs 4-6).

Correlation between the mean number of individuals and
the pluviometric index was negative for all the studied areas,
indicating that when pluviometric indexes are high, a reduc-
tion on the number of animals is noted. A significant differ-
ence was observed for the Port of Recife area (N =12, r, =-0.64,
p =< 0.05) and on Olinda beach (N =12, r, = -0.70, p < 0.05).

DISCUSSION

Estuarine dolphins were seen in a heterogeneous way in
the study areas. Among the monitored sites, Piedade beach
presented a rare use, being considered as exploratory area ac-
cording to the definition used by Cremer et al. (2004). Thus,
fluctuations on prey availability seem to have a conditioning
role both in the frequency parameters, size and group compo-
sition, as well as for foraging activities performed by the estua-
rine dolphins in different study areas (Geisk et al. 1999, Aravjo
et al. 2003, DAURA-JORGE et al. 2004, FLores & Bazzaro 2004, DAURA-
Jorae et al. 2005, 2007). Another factor that may influence dis-
tribution in relation to the home range limit is predation pres-
sure. This factor limits the use of areas facing the open sea
(CreMeR et al. 2004). Shark predation on dolphins has been reg-
istered in some species (p1 Benepitro et al. 1998, HerrHAus & DiiL
2001, p1 Benepitro 2004). The shark tiger (Galeocerdo cuvier Péron
& LeSueur, 1822) attacks, as well as the bull shark (Carcharhinus
leucas Valenciennes, 1839) and backtip shark attacks (C. limbatus
Valenciennes, 1839) have been reported for Piedade beach
(Hazin et al. 2000), suggesting that a reduced occurrence of es-
tuarine dolphins in this area could be related to predation risks
and/or to prey competition.
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Figures 2-3. (2) Relationship between the number of individuals

and absolute frequency of the records in Pernambuco; (3) occurrence
frequency of different behaviors shown by Sotalia guianensis in
Pernambuco, from September 2004 to August 2005.

Estuarine dolphins were also recorded in another open
area, Olinda beach. However, Olinda beach presented use dur-
ing half of the observational period, being considered occa-
sional area (Cremer ef al. 2004).

Among the four studied areas, and according to denomi-
nations proposed by Cremer et al. (2004), the ports of Recife
and Suape can be considered as concentration areas for such
species. These ports have characteristics similar to the inlets
reported in other studies. It has been assumed that S. guianensis
prefer sheltered areas, such as in Enseada de Mucuripe, Ceara
(Ouvemra et al. 1995), in the Cananéia, Sdo Paulo, estuarine and
lagoon system (Santos et al. 2001), in Baia dos Golfinhos, Rio
Grande do Norte (Araujo et al. 2003), Baia da Guanabara, Rio
de Janeiro (Lopr 2003), Baia de Emborai, Para (Torres & BeasLey

Table 1. Significance levels of the Mann-Whitney U Test for relationships between time, seasonality and tides, using the mean number of
the observed behaviors for the estuarine dolphin, Pernambuco, from September 2004 to August 2005.

Study Areas Port of Recife Port of Suape Olinda Beach Piedade Beach
Time (morning and afternoon) 11.5(n:s.) 17.0 (n.s.) 11.5 (n.s.) 11.5 (n:s.)
Seasonality (dry and rainy) 14.5 (n.s.) 17.0 (n.s.) 18.0 (n.s.) 15.0 (n.s.)
Tide (flooding and ebbing) 16.5 (n.s.) 18.0 (n.s.) 11.5 (n.s.) 11.5 (n.s.)

n,, = 6; n.s. = not significant.
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(6) per studied areas on the coast of Pernambuco.

2003), and Baia Norte, Santa Catarina (Daura-Jorge et al. 2005).
In none of the previous studies, however, a comparison be-
tween open sites and inlets was presented. Our comparative
study confirms this preference and also assumes that the inlets
provide shelter against predators, as well as feeding abundance
(Gersk et al. 1999, Sanros et al. 2001).

Deep waters (over 10 m) are also responsible for a greater
occurrence of estuarine dolphins in the ports of Recife and Suape.
This preference was also observed in Baia de Sepetiba and Baia
da Guanabara, Rio de Janeiro (Stmio & Porerro 2002, Azevepo et
al. 2005), showing that estuarine dolphins prefer demersal prey
(StmAo & Porerro 2002). On the other hand, in Cananéia (Sdo
Paulo), Baia de Paraty (Rio de Janeiro) and Baia Norte (Santa
Catarina), a greater occurrence of estuarine dolphins on shal-
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low waters was noticed (Geist et al. 1999, Lobr 2003, Frores &
Bazzaro 2004, respectively), which can indicate a possible adap-
tation flexibility of these animals to each site conditions and
characteristics, including the kind of prey to be consumed
(Monrtero et al. 2006). On the coastal region in the South East of
Brazil, the S. guianensis feeding habit is to capture pelagic and
demersal species, showing that such species feed on different
depths, both at mud and/or sand substrata, and are typically
marine or estuarine dependant (Borosia & Barros 1989). Some
species like Anchoa filifera (Fowler, 1915), Cathrops spixii (Agassiz,
1829), Cynoscion leiarchus (Cuvier, 1830), Diapterus auratus
Ranzani, 1842, Harengula clupeola (Cuvier, 1829), Micropogonias
furnieri (Desmarest, 1823), Mugil curema Valenciennes, 1836,
Pomadasys corvinaeformis (Steindachner, 1868), Pseudupeneus
maculates (Bloch, 1793), Trichiurus lepturus Linnaeus, 1758, which
are the target species recorded for the S. guianensis (Borosia &
Barros 1989, Santos et al. 2002, Gurjio et al. 2003, b1 BENEDITTO &
Ramos 2004) are found in Pernambuco (Eskinazi 1972, Estatpesca
2003), being mugilidae one of the selected prey group (Herzer &
Lobr 1993, MontERo-FiLno 1995, OLvEIRA et al. 1995, SimMio &
Porerto 2002).

Slapping the water surface, as well as total leaping has
been associated to fishing activities for the Tursiops truncatus
(Wursic & Wursic 1979). Caudal fin slapping performed by
Sotalia guianensis is also used as a foraging strategy (p1 BENEDITTO
et al. 2001). According to fishing activities recorded in the stud-
ied areas it can be said that the main reason for estuarine dol-
phin permanence is feeding activities.

Estuarine dolphins usually band together in small social
groups, in relation to other delphinids (HerzeL & Lopr 1993).
The number of individuals in the four observational sites var-
ied from one to ten and is similar to the ones recorded in Baia
dos Golfinhos (Rio Grande do Norte) (Araujo et al. 2003) and
Enseada de Mucuripe (Ceard) (OLivemra et al. 1995). However, in
Baia de Sepetiba (Rio de Janeiro), groups with up to 88 indi-
viduals have been recorded (Simao et al. 2000) and in Baia da
ITha Grande (Rio de Janeiro), groups of at least 450 estuarine
dolphins have also been found (Lopr & Herzer 1998). Estuarine
dolphins gather together forming larger groups in sites where
a greater number of prey items are available (Azevepo et al. 2005),
or for social purposes, including mating and disputes between
individuals (Norris & Donr 1980), and/or to reduce the risk of
injuries caused by other cetaceans species (WEDEKIN et al. 2004).
Results found in this study suggest that the groups of estuarine
dolphins in the studied areas show similar gregarious patterns
to the ones observed in the North East of Brazil.

The high occurrence of tailslap behavior, seems to be re-
lated to the fact that most of the estuarine dolphin prey show
demersal habits, thus forcing these animals to use a greater im-
pulse for a long dive, exhibiting the caudal fin above the surface.
Seawalls found on the two port areas facilitated prey capturing,
as the greatest number of individuals occurred near these ob-
stacles. In such case, the lobtailing behavior can also be used to
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encircle fish shoals against the seawalls. In Cananéia (Sao Paulo),
estuarine dolphins use barriers as a fishing strategy to facilitate
prey capturing (Montero-FiLHo 1995), while in Baia dos Golfinhos
(Rio Grande do Norte), these animals were observed herding the
fish shoal to an enclosed area and taking positions to trap prey
(Aravjo et al. 2003). It is believed that the tailslap behavior, as
well as leaps may be used to force fish school displacement to a
specific direction, thus facilitating prey capturing.

The chase behavior was found to be more frequent in
Olinda and can be related to a smaller number of individuals
in this area; thus, a greater number of this behavior is needed,
as cooperation between individuals facilitates the hunting
(Souto et al. 2006). A greater number of individuals observed
in the port areas may justify dolphins ability to encircle the
fish shoal to control prey evasion. This fact indicates an in-
verse correlation between the number of individuals and the
fishing effort, regarding energy expenditure (Souto et al. 2006).
Chase behavior in Baia dos Golfinhos (Rio Grande do Norte)
was also selected when few individuals were present in that
area, as this would be the most efficient way to capture prey at
random, without forming strategic groups (Aravjo et al. 2003).
Porpoising behavior can also be associated to swimming, help-
ing animals to move at a greater speed without greater meta-
bolic expenditure (Geise 1991).

The most frequent behaviors (total leaping, porpoising
and surfing) at Piedade beach seem to help the estuarine dol-
phins to move to other areas. Their quick passage by Piedade
may also be related to shark presence in that site.

The spy-hopping behavior was related to fishing by Connor
& SMmoLker (1985) to play by Geisk (1991), to the waking up activ-
ity by Norris & Dont (1980), and just as an observation behavior
by Araujo et al. (2003). That behavioral event was one of the
most verified ones in this study. Probably, the use of such be-
havior enabled dolphins to locate fish shoals, as it had only been
recorded in areas where fishing activities were evident.

In the four studied areas, no relationship between behav-
ior and time was noted. Some studies (OLIVEIRA et al. 1995, GEisk
et al. 1999, Araujo et al. 2003), however, correlate different times
with a greater frequency among the different kinds of animal
immigration and emigration swimming (Lopr 2003). Estuarine
dolphins did not show a definite time pattern for entering and
leaving the areas concerning this study; a constant movement
during the whole day round took place in the study sites.

Regarding the relationship between behavior and season-
ality, no significant difference was found. Similar results were
verified for other areas in the country, where estuarine dol-
phins are present during the whole year round (Geist et al. 1999,
Aravjo et al. 2003, Azevepo et al. 2005). This fact could be re-
lated to the weather characteristics of the tropical region, where
a clear seasonality is not present (ANprADE & Lins 2005). In Baia
Norte (Santa Catarina), during winter and autumn months, a
possible increase on these animals movement can be noticed,
influenced by prey availability and due to a greater demand of

energy expended by the estuarine dolphins to maintain body
temperature (Daura-JorGe et al. 2004, FLores & Bazzaro 2004).

The negative correlation between the average number of
estuarine dolphins and the pluviometric index may indicate
that the sound of rain hitting the water could mask their
whistles, making communication between these animals diffi-
cult, by comprising a similar sound frequency (GersteiN 2002,
Pivart & Rosso 2005). When this takes place during foraging,
estuarine dolphins move to deeper waters, where the sound of
rain is not so strong. This hypothesis can be corroborated by a
study carried out with the manatee, Trichechus manatus
(Linnaeus, 1758), in Florida, where the average sound in the
environment is generally of 70 decibels, but can reach 90 deci-
bels when a light rain is falling (Gerstein 2002).

In the present study, no significant difference between
behavior and tide level was found. However, some studies as-
sociate different tides to the frequency of individuals (OLivEIRA
et al. 1995, Aravjo et al. 2003, Lobr 2003). Fishes entering the
area is probably related to flood tide (Wursic & Wursic 1979).
On the other hand less water in the environment during reflux
of tide facilitates the search for food (OrveRrA et al. 1995). It is
believed that estuarine dolphins can take advantage of these
two peculiar tidal levels in the feeding areas.

The residence pattern observed in this study may be due
to food availability in a determined site. It is known, for in-
stance, that prey abundance favors a great fidelity to the use of
a certain area in Sousa chinensis (Osbeck, 1765) (Karczmarski 1999).
A greater quantity of domestic effluents in Port of Recife will
probably result in an increase of opportunistic fish; dredging
carried out in the areas within the ports may also contribute to
this fact. Moreover, the preference for calm waters (Lopr & HerzeL
1998, Gest et al. 1999), as in the ports, possibly contributed to
the greater presence of the estuarine dolphins in those locations.

ACKNOWLEDGEMENTS

We are grateful to the two anonymous referees for valu-
able suggestions that improved the manuscript. To Walter Blossey
and to Luiz G. Mascarenhas for authorizing observations in
Complexo Industrial and Portuario de Suape, making this study
possible. To Valdir Manso from Laboratério de Geologia and
Geofisica Marinha UFPE, for the depth data of the studied areas.
To the university staff; Ana Maria Alves, Barbara Neves, Bruno
Paes, Carolinne Ramos, Clayton Fernandes, Cristiane Figueiredo,
Dayana Freitas, Eric Nascimento, Milena Monteiro and Raphael
Neves, for their help in the field work. To CAPES/UFPE Doctor-
ate grant (JPA).

REFERENCES

ANDRADE, G.O. & R.C. Lins. 2005. Os climas do nordeste, p. 95-
138. In: J. VasconciLos SosrinHO (Ed.). As regides naturais
do Nordeste, o meio e a civilizacao. Recife, CONDEPE,
273p.

Revista Brasileira de Zoologia 24 (4): 11221130, dezembro 2007



1128

J. P. Aratijo et al.

AraUjo, J.P.; J.Z.O. PassavantE & A.S. Souto. 2003. Behavior of
the estuarine dolphin, Sotalia guianensis, at Dolphin Bay —
Pipa - Rio Grande do Norte — Brazil. Tropical Oceanography
31 (2): 101-112.

Azevipo, A.E; S.C. Viana; A M. OLiviira & M. van Stuys. 2005. Group
characteristics of marine tucuxi (Sotalia fluviatilis) in Guana-
bara Bay, south-eastern Brazil. Journal of the Marine
Biological Association of the United Kingdom 85: 209-212.

Azevepo, A.F; A.M. OLivelra; S.C. Viana & M. van Stuys. 2007.
Habitat use by marine tucuxis (Sotalia guianensis) (Cetacea:
Delphinidae) in Guanabara Bay, south-eastern Brazil.
Journal of the Marine Biological Association of the United
Kingdom 87: 201-205.

Barros, N.B. & R.L. Trixeira. 1994. Incidental catch of marine
tucuxi, Sotalia fluviatilis, in Alagoas, Northeastern Brazil.
Report International Whaling Commission. Special Issue
15: 265-268.

BrissiNGER, S.R. 1997. Integrating behavior into conservation
biology: potentials and limitations, p. 23-47. In: J. R. CLEMMONs
& R. Buchnotz (Eds). Behavioral approaches to conservation
in the wild. Cambridge, University Press, 376p.

BirreNcourt, M.L. 1984. Primeira ocorréncia de Sotalia brasiliensis
(boto), Cetacea Delphinidae, para a Baia de Paranagud, Li-
toral Paranaense, Brasil. Arquivo de Biologia e Tecnologia
do Parana 27 (1): 95-98.

Borosia, M. & N.B. Barros. 1989. Notes on the diet of marine
Sotalia fluviatilis. Marine Mammal Science 5 (4): 395-399.

Borosia, M.; S. SiciLiano; L. Lopt & W. Hoek. 1991. Distribution
of the South American dolphin Sotalia fluviatilis. Canadian
Journal of Zoology 69: 1025-1039.

Connor, R.C. & R.S. Smorker. 1985. Habituated dolphins (Tursiops
sp.) in Western Australia. Journal of Mammalogy 66 (2):
398-400.

CreMER, M.J.; EA.S. Harpt; A.J. TONELLO JUNIOR; P.C.A. SIMOES-LOPES
& J.S. Pires. 2004. Core areas changes in Sotalia guianensis
(Cetacea, Delphinidae) population in Babitonga Bay, Santa
Catarina. Revista Univille 9: 12-16.

CunHa, H.A.; V.MLE. Siwva; J. Laison-Brito JuNior; M.C.O. SANTOS;
P. A.C. FrLores; A.R. MarTIN; A.F. Azevepo; A.B.L. Fracoso; R.C.
ZANELATTO & A.M. Sorg-Cava. 2005. Riverine and marine
ecotypes of Sotalia dolphins are different species. Marine
Biology 148: 449-457.

DA Siva, V.MLE & R.C. Best. 1996. Sotalia fluviatilis. Mammalian
Species 527: 1-7.

Daura-Jorag, E.G.; L.L. WepekiN & P.C. SimMOEs-Lores. 2004. Varia-
¢do sazonal na intensidade dos deslocamentos do boto-cin-
za, Sotalia guianensis (Cetacea: Delphinidae), na Baia Norte
da Ilha de Santa Catarina. Biotemas 17: 203-216.

Daura-Jorage, EG.; L. WEDEkIN; V.Q. Piacentint & P.C. SiMOES-LoPEs.
2005. Seasonal and daily patterns of group size, cohesion
and activity of the estuarine dolphin, Sotalia guianensis (P.J.
Van Bénéden) (Cetacea, Delphinidae), in southern Brazil.
Revista Brasileira de Zoologia 22 (4): 1014-1021.

Revista Brasileira de Zoologia 24 (4): 1122-1130, dezembro 2007

Daura-JorGe, EG.; M.R. Rossi-Santos; L.L. WepekIN & P.C. SIMOEs-
Lores. 2007. Behavioral patterns and movement intensity of
Sotalia guianensis (P.J. van Bénéden) (Cetacea, Delphinidae)
in two different areas on the Brazilian coast. Revista Brasi-
leira de Zoologia 24 (2): 265-270.

p1 Benepirro, A.P.M. 2004. Presence of franciscana dolphin
(Pontoporia blainvillei) remains in the stomach of a tiger shark
(Galeocerdo cuvieri) captured in Southeastern Brazil. Aquatic
Mammals 30 (2): 311-314.

p1 BeneDITTO, A.P.M. & R.M.A. RAMOs. 2004. Biology of the marine
tucuxi dolphin (Sotalia fluviatilis) in south-eastern Brazil.
Journal of the Marine Biological Association of the United
Kingdom 84: 1245-1250.

p1 BenepITTO, A.P.M.; R M.A. RamMOs & N.R.W. Lima. 1998. Fishing
activity in Northern Rio de Janeiro State, BR and its
relationship with the small cetaceans. Brazilian Archives
of Biology and Technology 41 (3): 296-302.

p1 BeNepITTO, A.P.M.; RM.A. Ramos & N.R.W. Lima. 2001. Os gol-
finhos: origem, classificacdo, captura acidental, habito
alimentar. Porto Alegre, Cinco Continentes, 147p.

Eskinazi, A.M. 1972. Peixes do Canal de Santa Cruz — Pernambuco
- Brasil. Trabalhos Oceanograficos 13: 283-302.

Estarpesca. 2003. Boletim Estatistico da Pesca Maritima e
Estuarina do Nordeste do Brasil. Tamandaré, Centro de
Pesquisa e Gestao de Recursos Pesqueiros do Litoral Nordes-
te. CEPENE, 197p.

Frores, P.A.C. 1999. Preliminary results of a photoidentification
study of the marine tucuxi Sotalia fluviatilis in southern
Brazil. Marine Mammal Science 15 (3): 840-847.

Frores, P.A.C. & M. Bazzaro. 2004. Home ranges and movement
patterns of the marine tucuxi dolphin, Sotalia fluviatilis, in
Baia Norte, southern Brazil. Latin American Journal of
Aquatic Mammals 3 (1): 37-52.

Garclia, C. & E TrujiLLo. 2004. Preliminary observations on habi-
tat use patterns of the marine tucuxi, Sotalia fluviatilis, in
Cispata Bay, Colombian Caribbean coast. Latin American
Journal of Aquatic Mammals 3 (1): 53-59.

Geist, L. 1991. Sotalia guianensis (Cetacea, Delphinidae) population
in the Guanabara Bay, Rio de Janeiro, Brazil. Mammalia 55
(3): 371-379.

Geise, L.; N. Gomes & R. CerqQuEIRA. 1999. Behaviour, habitat use
and population size of Sotalia fluviatilis (Gervais, 1853) (Ceta-
cea, Delphinidae) in the Cananéia estuary region, Sao Paulo,
Brazil. Revista Brasileira de Biologia 59 (2): 183-194.

GersTEIN, E.R. 2002. Manatees, bioacoustics and boats. American
Science Online 90 (2): 154.

Gurjio, L.M.; M.A.A. Furtapo NETO; R.A. SANTOS & P. CAscon. 2003.
Feeding habits of marine tucuxi, Sotalia fluviatilis, at Ceara
State, Northeastern Brazil. Latin American Journal of
Aquatic Mammals 2 (2): 117-122.

Hazin, EH.V.; J.LAM. WaNDERLEY JUNIOR & S.M.G. Mattos. 2000.
Distribui¢ao e abundancia relativa de tubardes no litoral de
Pernambuco, Brasil. Arquivo de Ciéncias do Mar 33: 33-42.



The influence of seasonality, tide and time of activities on the behavior of Sotalia guianensis...

1129

HerrHaus, ML.R. & L.M. Dit. 2001. Food availability and tiger
shark predation risk influence bottlenose dolphin habitat
use. Ecology 83 (2): 480-491.

Herzer, B. & L. Lopi. 1993. Baleias, botos e golfinhos: guia de
identificacdo para o Brasil. Rio de Janeiro, Nova Frontei-
ra, 279p.

Karczmarski, L. 1999. Group dynamics of humpback dolphins
Sousa chinensis in the Algoa Bay region, South Africa. Journal
of Zoology 249: 283-293.

Lenner, P.N. 1996. Handbook of ethological methods.
Cambridge, University Press, 672p.

Lobi, L.F. 2003. Selecdo e uso do habitat pelo boto-cinza, Sotalia
guianensis (van Bénéden, 1864) (Cetacea, Delphinidae), na
Baia de Paraty, Estado do Rio de Janeiro. Bioikos 17 (1/2):
5-20.

Lopi, L. & B. Herzer. 1998. Grandes agregacdes do boto-cinza
(Sotalia fluviatilis) na Baia da Ilha Grande, Rio de Janeiro.
Bioikos 12 (2): 26-30.

MarTIN, P. & P. Bateson. 1998. Measuring behaviour: an
introductory guide. Cambridge, University Press, 222p.
Monteiro-FiLHo, E.L.A. 1995. Pesca interativa entre o golfinho
Sotalia fluviatilis guianensis e a comunidade pesqueira da Re-
gido de Cananéia. Boletim do Instituto de Pesca 22 (2):

15-23.

Monteiro-Fitno, E.L.A.; L.R. MonteiRo & S.F. Reis. 2002. Skull
shape and size divergence in dolphins of the Genus Sotalia:
A tridimensional morphometric analysis. Journal of
Mammalogy 83 (1): 125-143.

MonrterRo, M.S.; A. Souto & L.E. Nascivento. 2006. Comparacoes
entre os comportamentos de forrageio nas diferentes faixas
etarias do boto-cinza (Sotalia guianensis) (Cetacea;
Delphinidae) na Baia dos Golfinhos, Praia de Pipa, RN, Bra-
sil. Revista de Etologia 8 (1): 13-25.

NeuMANN, V.H.; C. MEDEIROS; L. PARENTE; S. NEUMANN-LEITAO & M.L.

1998. Hydrodynamism, sedimentology,
geomorphology and plankton changes at Suape area
(Pernambuco-Brazil) after a Port Complex Implantation.
Anais Academia Brasileira de Ciéncias 70 (2): 313-323.

Norris, K.S. & T.P. DonL. 1980. The behavior of the hawaiian
spinner porpoise, Stenella longirostris. Fishery Bulletin 77:
821-849.

Nungs, J.L.S. & M.R.B. Machapo. 2001. Encalhe de um exem-
plar de boto-cinza, Sotalia fluviatilis (Gervais, 1853)
(Mammalia:Cetacea:Delphinidae) na Praia do Aracagy, Sao
Luis, Estado do Maranhao, Brasil. Boletim do Laboratorio
de Hidrobiologia 13: 109-112.

OLvera, J.A. pE; FJ.C. Avita; T.T. Awves JoNior; M.A.A. FURTADO-
Nero & C. MonrtEeRo-NETO. 1995. Monitoramento do boto
cinza, Sotalia fluviatilis (Cetacea: Delphinidae) em Fortale-
za, Estado do Ceard, Brasil. Arquivo de Ciéncias do Mar 29
(1-2): 28-35.

PareNTE, C.L.; R.P. LiMA & J.E. VERGARA-PARENTE. 2006. Ocorréncia
e comportamento de um Sotalia fluviatilis solitario no Nor-

KoENING.

deste do Brasil: quando considerar um encalhe? Arquivo
de Ciéncias do Mar 39: 74-80.

Pereira, L.C.C.; P.N. CourtiNHO; S.J. Macepo & R.A.A.M. CosTA.
1996. Efeitos de estruturas de protecdo costeira nas praias
de Casa Caiada e Rio Doce — PE, Brasil. Trabalhos Oceano-
graficos 24: 19-37.

Pivari, D. & S. Rosso. 2005. Whistles of small groups of Sotalia
fluviatilis during foraging behavior in southeastern Brazil.
Journal of Acoustic Society of America 118 (4): 2725-2731.

ResurreicAo, M.G.; J.Z.O. PassavanTe & S.J. Macepo. 1996. Estudo da
plataforma continental na 4rea do Recife (Brasil): variagdo sa-
zonal da biomassa fitoplanctonica (08°03’ 38” Lat. S; 34°42'28”
a 34°52’00” Long. W). Tropical Oceanography 24: 39-59.

Rosas, FEC.W.; A.S. Barreto & E.L.A. MonTeRo-FiLHo. 2003. Age
and growth of the estuarine dolphin (Sotalia guianensis)
(Cetacea, Delphinidae) on the Parana coast, southern.
Fishery Bulletin 101: 377-383.

Rosas, EC.W. & E.L.A. MontERo-FiLHo. 2002. Reproduction of the
estuarine dolphin (Sotalia guianensis) on the coast of Parana,
southern Brazil. Journal of Mammalogy 83 (2): 507-515.

Rossi-Santos, M.R.; L.L. WepekiN & E.L.A. MonTERO-FiLHO. 2007.
Residence and site fidelity of Sotalia guianensis in the
Caravelas River Estuary, eastern Brazil. Journal of the
Marine Biological Association of the United Kingdom 87:
207-212.

Santos, M.C. pE O.; L.B. Acuna & S. Rosso. 2001. Insights on site
fidelity and calving intervals of the marine tucuxi dolphin
(Sotalia fluviatilis) in south-eastern Brazil. Journal of the
Marine Biological Association of the United Kingdom 81:
1049-1052.

Santos, M.C. pe O.; S. Rosso; R.A. Santos; S.H.B. Lucato & M.
Bassor. 2002. Insights on small cetacean feeding habits in
southeastern Brazil. Aquatic Mammals 28 (1): 38-45.

SiMio, S.M. & ER. Porerro. 2002. Areas preferenciais de pesca e
dieta do ecotipo marinho do boto-cinza (Sotalia fluviatilis)
na Baia de Sepetiba, RJ. Floresta e Ambiente 9 (1): 18-25.

SmmAo, S.M.; J.L.A. Pizzorno; V.N. Perry & S. SiciLiano. 2000. Apli-
cagao da técnica de fotoidentificacado do boto-cinza, Sotalia
fluviatilis (Cetacea, Delphinidae) da Baia de Sepetiba. Flo-
resta e Ambiente 7 (1): 31-39.

Simoes-Lores, P.C. 1988. Ocorréncia de uma populagao de Sotalia
fluviatilis, Gervais, 1853 (Cetacea, Delphinidae) no limite
sul de sua distribuicdo, Santa Catarina, Brasil. Biotemas 1
(1): 57-62.

ScooteN, E. 1994. Behavior of Hektor’s dolphin: classifying
behavior by sequence analysis. Journal of Mammalogy 75
(4): 956-964.

Souto, A.; J.P. AraUjo; L. Geise & M.E. Aravjo. 2006. The surface
behaviour of the estuarine dolphin in Baia dos Golfinhos,
RN, Brazil: a field and comparative study. Revista Brasilei-
ra de Zoociéncias 8 (2): 183-192.

Sousa, G.S. & A.L.M. CocentiNo. 2004. Macroalgas como
indicadoras da qualidade ambiental da Praia de Piedade —

Revista Brasileira de Zoologia 24 (4): 11221130, dezembro 2007



1130

J. P. Aratijo et al.

PE. Tropical Oceanography 32 (1): 1-22.

Torres, D. & C.R. Beastey. 2003. Pattern of use a small bay in
northern Brazil by Sotalia guianensis (Cetacea: Delphinidae).
Amazoniana 17 (3/4): 586-597.

WEeDEkIN, L.L.; EG. Daura-JorGe & P.C. SimOes-Lores. 2004. An
aggressive interaction between bottlenose dolphins (Tursiops
truncatus) and estuarine dolphins (Sotalia guianensis) in
Southern Brazil. Aquatic Mammals 30 (3): 391-397.

Received in 23.VII.2007; accepted in 26.X1.2007.

Revista Brasileira de Zoologia 24 (4): 1122-1130, dezembro 2007

WEeDEKIN, L.L.; EG. Daura-JorGe; V.Q. Piacentint & P.C. SIMOES-
Lores. 2007. Seasonal variation on the spatial use of the
estuarine dolphin, Sotalia guianensis (Cetacea, Delphinidae)
in its southern limit of distribution. Brazilian Journal of
Biology 67 (1): 1-8.

WursiG, B. & M. Wursic. 1979. Behavior and ecology of the
bottlenose dolphin, Tursiops truncatus, in the South Atlantic.
Fishery Bulletin 77 (2): 399-412.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


