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Abstract

In this study we present data on 47 strandings of Bryde's whales along the coast of Sdo Paulo and Rio de Janeiro
states, southeastern Brazil. The results show a correlation with annual increasing of strandings in 20 year period
of data collection. No significant seasonal trend was observed among for seasonal category, but most whales
stranded during winter (July-September). Males stranded more frequent than females. There was a significant
trend in strandings of mature whales (> 11,22m; 52.4%) (52.4%), but juveniles (< 8 m; 28.6%) were also relatively
common. The present work confirms that Bryde’s whales are common in southeastern Brazilian coast. Some
discrepancy in published results from sightings and our results on strandings (e.g. seasonal pattern) was
observed and may be related to environmental condition and the presence of inshore and offshore populations
with differences in life history and behavior. No whales showed signals of impact caused by human interactions,
despite of the potential threats in the study area. Future studies with compared morphology of genetic are
suggested to be carried out elucidate the taxonomic status of the Bryde’s in Brazil.
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INTRODUTION

Bryde’s whales (Balaenoptera edeni, Anderson, 1879) have been reported in tropical, subtropical and warm
temperate oceans around the world (inhabiting waters about 16°C or warmer), between latitudes 40°N and 40°S
(Jefferson et al., 2008; Kato and Perrin, 2009). It is the only balaenopterid species that does not perform
extensive latitudinal migratory movements, remaining in warm waters throughout the year (Kato, 2002). B. edeni
is relatively common in Brazilian waters and it is known to occur over the coastal shelf until isobatimetrics of 200
meters, but appear to be more frequent in coastal areas of southeastern region wherever effort occurs (Siciliano
et al., 2004; Zerbini et al., 1997).

Historically, B. edeni was exploited by two whaling stations in Brazilian waters: Costinha station (Paraiba State,
06°57’S, 34°51'W) from 1910 to 1914 and from 1924 to 1985, and Cabo Frio station (Rio de Janeiro State
22°53’S, 42°01'W) from 1960 to 1963 (Williamson 1975; Zerbini et al., 1997). However, this whale was not
distinguished from the sei whale (B. borealis) before 1967, which biased the catch number for the two species.
The estimated total catches of Bryde’s in Brazil were approximately 360 and 30 whales off Costinha and Cabo
Frio stations, respectively (Williamson, 1975). This large cetacean was not heavy hunted when compared with
other whales (e.g. blue, fin and sei whales), but fewer than 8.000 were taken in the Southern Hemisphere
(Jefferson et al., 2008).

Bryde’s whale is found stranded along the Brazilian coast more often than all five balaenopterids known to occur
in the region, with the exception of minke whales (B. acutorostrata) (Zerbini et al., 1997). However, despite the
relatively large number of strandings in comparison to other balaenopterids, still little is known about its seasonal
occurrence and biology, such as feeding habits. Worldwide, B. edeni is considered as “data deficient” by the
IUCN Red List (IUCN, 2010) and it has been included in the Appendix | of the Convention on International Trade
in Endangered Species (CITES, 2010), and in the appendix Il of the Convention on the Conservation of Migratory
Species of Wild Animals(CMS, 2009). In Brazil, the species is also classified as “data deficient” by the Action Plan
for Marine Mammals conservation (IBAMA, 2001).



It has been suggested that Bryde’s whales are opportunistic feeders preying upon schooling of small pelagic
fishes, such as sardines and herrings (Tershy et al. 1993; Gallardo et al. 1983). They can also feed on
euphausids, copepods, cephalopods and pelagic crabs (Omura, 1962; Best, 2001; Kawamura, 1977; Kato &
Perrin, 2009). In southeastern Brazil, the Brazilian sardine (Sardinella brasiliensis), which is abundant in the
region (Matsuura, 1996), appears to constitute an important prey item in the diet of B. edeni (Siciliano et al.,
2004).

The availability of food resources is an important parameter that determines the distribution pattern of cetaceans,
especially non migratory species, such as B. edeni. Bryde’'s whales seem to have a preference for habitats with a
predictable biological abundance, for example along the continental shelf break of the northeastern Gulf of
Mexico, and regions subjected to coastal upwelling, such as Chile and Cabo Frio, in southeastern Brazil (Gallardo
et al., 1983; Davis et al., 2000; Siciliano et al. 2004). Studies carried out in the last and current decade have
addressed the taxonomic status of Bryde’s whales and recognized different forms, or even species (Best, 2001;
Wada & Numachi, 1991; Kato, 2002; Wada et al., 2003). However, as definite conclusion was not reached so far
on the taxonomic status or management groups based on different forms or species of the western South Atlantic
specimens, we decided to use the nomination Balaenoptera edeni, Anderson, 1878, as standard form.

The aim of this study is to evaluate the stranding pattern of Bryde’s whales in the southeastern Brazil, based on
literature reports and new additional information. In addition, we also present information on diet based on the
examination of stomach contents.

MATERIAL AND METHODS

The region covered in this study comprises the States of Rio de Janeiro and Sao Paulo, located in the south-
eastern coast of Brazil with approximately 1200 km of coast line.

The data of the present study is composed by published information, mainly from Siciliano et al. (2004) and
Santos et al. (2010). Unpublished data was obtained from newspaper, TV news, provided by colleagues and
personal observations through a monitoring program established in the north coast of the study area. From 1999
to 2011 the marine mammal research group (GEMM-Lagos) regularly patrolled the coast of the Rio de Janeiro
State from S&o Francisco de ltabapoana (north, 21°25'10"S; 41°00'36"W) to Saquarema (south, 22°55'12"S;
42°30'37"W) (Figure 1). During these surveys, awareness campaigns were implemented in the communities
along the coast in order to promote a collaboration network and improve stranding reports.

The unpublished data out of the monitoring system was only considered for this study if the available material
(films and photos) showed taxonomic characteristics of the species (e.g. shape and height of the dorsal fin;
coloration pattern; the extension of the ventral grooves in relation to the navel, etc.). In some occasions the
material examined allowed us to obtain information of gender and total body length.

Stranding data was used as an additional tool to evaluate possible patterns related to the general distribution of
the species. In this context, the location of each stranding event was converted into geographic coordinates in
order to construct a spatial view of the distribution of the Bryde’s whales using ESRI — ArcView 3.2® software. In
the cases the location of the records from the unpublished data (out of the monitoring program) the coordinates
was obtained using the Google Earth® software.

Despite the effort of data collection has not been equally performed along the coast line of the study area we
suppose that a stranding event rarely escape notice from the media. Therefore we present the correlation of
stranding events in the sampling area with 20 years of data collection. The year-stranding correlation was
analyzed using simple linear regression (R%) at P-value less than 0.05.

To determine if there were seasonal trends of the strandings, the data were categorized into four seasons:
January—March (summer), April-June (autumn), July—September (winter), and October—December (spring). A
chi-square test (X%) for equal proportions (at P<0.05) was used to test differences in stranding frequencies
between seasonal categories.

The whales were generally sexed when whale position allowed a view of the ventral region or when the carcasses
were dissected. The total body length of the carcasses was measured from the tip of lower jaw to the caudal
notch of the whales accessed. The whales were categorized into juveniles <8m, sexually immature (>8; <11,22)
and sexually matures (>11,22). The chi-square test was also used to verify some trend in the strandings for the
body length categories (Jefferson et al., 2008).

When possible the stomach chambers were accessed to collect and identify food remains. The stomach contents
analyses were only performed in two whales duo to the difficulties in the field.



RESULTS

A total of 47 stranded Bryde’s whales were recovered between 1972 to April 2010, showing a slight relationship in
the simple regression between the number of stranding in the period from 1991 to 2010 (R2=0.5O307; p<0.05)
(Figure 1; Table 1). Although unevenly distributed over this 20 year period, there was a mean of two whales
(SD=1.2), with a peak in 2005 when five records were reported.

From the 47 records of B. edeni in the study area 21, representing 44.7% of the stranding, are new and
unpublished information. The stranding events were distributed along the study area. However the strandings
seem to have concentrated in the southeastern coast of the Rio de Janeiro state, where the there is narrow shelf,
and in the central coast of S&o Paulo state. No whales were found in the extreme northern coast of Rio de Janeiro
state and only one was found around the llha Grande Bay (Figure 2).

No stranded Bryde’s whale with signals of fishery interaction was reported in this study. However, it is important to
highlight that some carcasses could have stranded as a result of entanglement, but decomposition could have
prevented such observation.

Data on body length were available for 42 specimens and it varied from 4 to 15 meters. The data shows that most
of the whales that stranded were classified as sexually mature (52.4%) (X = 14.02; df = 2; P < 0.05), although
juvenile (28.6%) and immature (19%) whales were also representative (Figura 1). Two whales with body length
indicative of newborn were registered in the study area. One newborn recovered in northern Rio de Janeiro state
presented a scar in the umbilical region indicating that it was recently born (3.8 m of body length). Other whale
with 4.5 m of body length was found in Sao Paulo state. The newborns recorded in Rio de Janeiro and Sao Paulo
state were found in September 2006 and August 2007, respectively.

Strandings of females (n = 14) were significantly more frequent than males (n = 8) (X* = 8.213; DF = 2; P < 0.05).
However, 52.2% of the carcasses could not have the gender determined due to decomposition, or animal position
in the beach. In addition, the great number of males when compared with females may be due to the fact that
males are easier to identify, especially when the penis is exposed.

The observed differences in strandings between seasons were not statistically significant (X* = 3.298; DF = 3, P >
0.05) (Figure 4). Although, most strandings occurred during winter (n = 17; 36.2%) with a great frequency in
August and September (n=06), followed by April (h=05) and January (n=04). Strandings in summer (n = 11),
autumn (n = 10) and spring (n = 9) were almost equally distributed.

The analysis of stomach contents was realized in two whales as already stated. Both whales presented a large
amount of aviu shrimp (Acetes americanus) as the unique prey consumed. The degree of digestion of the shrimps
consumed in both whales suggests these prey species were ingested just before death.

DISCUSSION

The results show that Bryde’'s whales are common along southeastern Brazil and seem to be present there all
over the year, as described in previous studies (Omura, 1962; Zerbini et al., 1997; Siciliano et al., 2004;
Gongalves, 2006). This species is commonly observed in Brazilian coastal waters mainly in Rio de Janeiro and
Sao Paulo coast where the present study is focused. However, the scarcity of records offshore is more related to
the effort in oceanic region than the absence of the whales. As an example, Andriolo et al. (2001) observed
Bryde’s in low density in offshore waters of northeastern Brazil varying from 800 and 2900 isobaths. The
presence of Bryde’s whales in southeastern Brazil should be related to the food availability of high productive and
upwelling waters, mainly in eastern coast of Rio de Janeiro state. Bryde’s whales tend to inhabit areas of
unusually high productivity.

Zerbini et al. (1997) and Siciliano et al. (2004) showed that most whales strand during summer and winter times.
According to these authors, the occurrence of whales in these seasons should be associated to the bioavailability
of food resources, such as sardines that approach the coast to spawn in shallower waters (Saccardo & Rossi-
Wongtschowski, 1991). Despite not statistically significant most whales stranded during winter in this present
study. However we need to consider the actual poor taxonomic description of Bryde’'s whales in Brazilian water
and the identification of distinct populations. In South Africa, Best (1977) identified two allopatric forms of Bryde’s
whales being recognized as inshore and offshore whales. The inshore form is restricted to coastal areas less of
20 miles and is observed year round. In contrast, the offshore form inhabits water 50 miles over the coast, and
realizes a latitudinal migration to the equatorial region during winter. This author suggests that both inshore and
offshore forms occurred in Brazilian waters, based in the assessment of the baleen plates configuration from two
whales taken during whaling activities. Zerbini et al. (1997) classified one stranded whale as being “offshore”
based on the baleen measurements following Best (1977) description. Additional observations on the presence



and classification of offshore/inshore Bryde’s whales along the Brazilian coast have not been studied. If we
consider the presence of both inshore and offshore forms in our data and assume the life history differences for
both forms (distribution, seasonality, body size, baleen shape, scarring, food type and possibly breeding behavior)
(Best, 2001), this study is subjected to some degree of bias. Sightings of Bryde's whales through land based
observations carried out in Arraial do Cabo peninsula (Rio de Janeiro state) and through coastal waters
monitoring survey show that this whale is common in summer and spring (Carneiro, 2005; Gongalves 2006).
These seasons coincides with the seasonal coastal upwelling region mainly in the east coast of Rio de Janeiro
state which contributes with a ideal condition for a large whale such as Brydes, as low temperature and prey
availability (Valentin, 2001; Siciliano et al., 2004).

Some discrepancy seems to occur in data of strandings and sightings. Generally, the stranding data does not
show seasonal variation, which could be explained, in part, to environmental influence, such as wind intensity and
direction and current movements. Carcasses may drift to the beaches during strong cold fronts in winter times.
Interestingly, two whales dissected presented the stomach chambers full of avii shrimp, A. americanus.
Contrasting these results, most previous studies suggest that the whales feed on small fishes (mainly Sardinella
brasiliensis) in coastal waters, generally showing interspecific feeding association with seabirds and large fishes
(Siciliano et al., 2004). Best (2001) studied the feeding differences in preys consumed for offshore and inshore
forms of Bryde’s whales taken off South Africa. According to this author, the inshore form show a high preference
for small pelagic fishes (genus Engraulis, Trachurus and Sardinops), while offshore form prefer Euphasiids
(Euphausia lucens, E. recurva) and in low frequency mesopelagic fish (Maurolicus, Lestidium). If this difference is
applicable in southern Brazil we should speculate that these two whales may belong to offshore population. On
the other hand, the coastal habits of these small shrimp also suggest that it may represent an important prey for
coastal whales considering a non potential latitudinal migrating species.

Our results show high frequency of mature whales and followed by juveniles, including two newborns stranded in
different areas, but in close months (August and September). According to Best (2001) there is no seasonal trend
in reproduction of inshore Brydes, while offshore reproduction occur during autumn (March-May). However, Kato
(2002) suggests that peaks for breeding and calving of pelagic population are in winter. In the Azores, North
Atlantic, most calves are observed in summer times and is speculated to have born during last winter period
(Steiner et al., 2007). No whales presented evidence of accidental or intentional capture in fishing apparatus or
collision with ships, but we have to highlight that these threats are potentially present in the study area. Along the
study area there are intense fishery activities which can promote impact to the whales, principally in coastal
waters. In addition, the study site is responsible for more than 80% of the national oil petroleum produced and the
presence of important large harbors which are associated to large boat traffic of large ships that elevated the risk
of whale collision. The increasing annual frequency of strandings present in this study should in small proportion
be explained by these human activities, but no evidence was found during field analyses. More probable
hypothesis for the increasing number of strandings may be the progress in the dissemination of the
communication in the last 20 years.

In conclusion, the present work confirms that Bryde’s whales are common in southeastern Brazilian coast. The
discrepancy in results from sightings and strandings (e.g. seasonal pattern) may be related to environmental
condition and the presence of different forms (inshore and offshore) with differences in life history and behavior.
No whales showed signals of impact caused by human interactions, despite of the potential threats in the study
area. Future studies with compared morphology of genetic are suggested to be carried out elucidate the
taxonomic status of the Bryde's in Brazil. In addition, the collection and storage of biological sample are specially
needed to better understand the stranding pattern of this whale.

ACKNOWLEDGEMENTS

The authors would like to thank the researchers who contributed with records presented in this paper. Thanks go
to the research team of GEMM-Lagos. We also thank the fishermen and lifeguards from the region, especially in
the Rio de Janeiro state that always help us during field work. J.F.Moura is supported by a scholarship provided
by Fundacado Oswaldo Cruz and is a PhD candidate at Escola Nacional de Saude Publica Sérgio Arouca. S.
Siciliano is supported by Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) (Processo no.
301544/2008-5). We also thank researchers that contributed with important published that composed our data in
this study.



REFERENCES

Andriolo, A., da Rocha, J.M., Zerbini, A.N., Simdes-Lopes, P.C., Moreno, I., Lucena, A., Danilewicz, D. and
Bassoi, M. 2001 Distribution and Relative Density of Oceanic Large Whales in a Former Whaling Ground off
Eastern South America. In: IWC Conference, 2001 - Working Paper to the Scientific Committee - SC/53/IA10.

Best, P.B. 1977. Two alopatric forms of Bryde’s whales off South Africa. Report of the International Whaling
Commission, Special Issue (1): 10-38.

Best, P.B. 2001. Distribution and population separation of Bryde’s whale Balaenoptera edeni off southern Africa.
Marine Ecology Progress Series. Vol. 220: 277-289.

Borobia, M and Geise, L. 1986. Ocorréncia de uma Balaenoptera edeni (Baleia de Bryde) na Bahia de
Guanabara, Rio de Janeiro, Brasil. In Actas de la | Reunion de Trabajo de Expertos en Mamiferos Acuaticos de
América del Sur, Museo Argentino de Ciencias Naturales Bernardino Rivadavia, Buenos Aires, Argentina (ed.
H.P.Castello and I.R.Wais), p. 33-34. Fundacién Vida Silvestre Argentina.

Carneiro, A.D.V.N. 2005. Ocorréncia e uso de habitat de baleia-de-Bryde (Balaenoptera edeni Anderson, 1878)
(Mammalia: cetacea, balaenopteridae) na regidao de ressurgéncia de Cabo Frio, RJ. Dissertagdo. Universidade
Federal do Rio de Janeiro, Museu Nacional. Rio de Janeiro, Brasil.

Davis, R.W., Ortega-Ortiza, J.G., Ribic, C.A, Evans, W.E., Biggs, D.C., Ressler, P.H., Cady, R.B., Lebend, R.R,,
Mullin, K.D. and Wirsig, B. 2002. Cetacean habitat in the northern oceanic Gulf of Mexico. Deep sea research |,
49: 121-142.

Gallardo, V.A., Arcos, D., Salamanca, M. and Pastene, L. 1983. On the occurrence of Bryde's Whales
(Balaenoptera edeni, Anderson, 1978) in na Upwelling area off central Chile. Rep. Int. Whal. Commn 33. p 481-
487.

Gongalves, L.R. 2006. Ocorréncia, distribuicido e comportamento de baleias-de-Bryde (Balaenoptera edeni
Anderson, 1879) (Cetacea:Mysticeti) em zona costeira e oceanica do sudeste do Brasil. Dissertacao.
Universidade Federal de Juiz de Fora, Minas Gerais, Brasil.

Jefferson, T.A., Weber, M.A. & Pitman, R.L. 2008. Marine mammals of the world, a comprehensive guide to their
identification. San Diego: Academic Press. 573p.

Kato (2002). Bryde's Whale. in Encyclopedia of marine mammals. San Diego: Academic Press. p.171-176.

Kato., H. and Perrin, W.F. 2009. Bryde’s Whales, Balaenoptera edeni/brydei. In Perrin, W.F., Wiursig, B.,
Thewissen, J.G.M (Eds). Encyclopedia of marine mammals, 2" Eddition. San Diego: Academic Press. p.158-163.

Kawamura, A. 1977. On the food of Bryde's whales caucht in the South Pacific and Indian oceans. Scientific
Reports of the Whales Research Institute. 29: 49-58.

Matsuura, Y. 1996. A probable cause of recruitment failure of the Brazilian sardine Sardinella aurita population
during the 1974/75 spawning season. South African Journal of Marine Science 17, 29-35.

Omura, H. 1962. Bryde's whale occurs on the coast of Brazil. Scientific Reports of the Whales Research Institute.
Japan 16:1-5.

Saccardo, S.A. and Rossi-Wongtschowski, C.L.D.B. 1991. Biologia e avaliagdo do estoque da sardinha,
Sardinella brasiliensis: uma compilacdo. Atlantica, 13, 29-43.

Siciliano, S., Santos, M.C.O., Vicente, A.F.C., Alvarenga, F.S., Zampirolli, E., Brito Jr, J.L., Azevedo, A.F. and
Pizzorno, J.L.A. 2004. Strandings and feeding records of Bryde’s whales (Balaenoptera edeni) in south-eastern
Brazil. Journal of the Marine Biological Association of the United Kingdom 84, 857-859.

Siciliano S., Moreno 1.B., Demari e Silva E. and Alves V.C. (2006) Baleias, botos e golfinhos na Bacia de
Campos. Série Guias de Campo: fauna marinha da Bacia de Campos. Rio de Janeiro: Ed. ESNP/FIOCRUZ.



Steiner, L., Silva, M.A., Zereba, J. and Leal, M.J. 2007. Bryde’s whales, Balaenoptera edeni, observed in the
Azores: a new species record for the region. Marine Biodiversity Records. 1:e66 DOI:
10.1017/S1755267207007282

Thershy, B.R., Acevedo-G, A., Breese, D. and Strong, C. 1993. Diet and feeding behavior on fin and Bryde's
whales in the Central Gulf of California, Mexico. Rev. Inv. Cient. 1: 31-38.

Wada, S. and Numachi, K. 1991. Allozyme analyses of genetic differentiation among the populations and species
of the Balaenoptera. Report of the International Whaling Commission, Special Issue, 13, 125-154.

Wada, S., Oishi, M. and Yamada,T.K. 2003. A newly discovered species of living baleen whale. Nature, London,
426, 278-281.

Williamson, G.R. 1975. Minke whales off Brazil. Scientific Reports of the Whale Research Institute, Tokyo, 27:37-
59.

Zerbini, A.N., Secchi, E.R., Siciliano, S. and Simodes-Lopes, P.C. 1997. A review of the occurrence and
distribution of whales of the Genus Balaenoptera along the Brazilian coast. Reports of the International Whaling
Commission 47, 407-417.

Zerbini, A.N., Secchi, E. R., Bassoi, M., Dalla Rosa, L. Higa, A., Souza, L., Moreno, |.B., Mdller, L.M. and Caon,
Glauco. 2004. Distribuicdo e abundancia relativa de cetaceos na Zona Econémica Exclusiva da Regido Sudeste-
Sul do Brasil. Série documentos REVIZEE — Score Sul. Sao Paulo. 40p.



5 oo o
y =0,2105x - 419,06
R2=0,5099; P < 0.05
L4 ° ° *
QD
£
0
c
g 3
)
©
%)
g 2 e o o °
3
o
o
R e ooo
0 L] L] L] n n L] L] L] L] 1

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Figure 1. Simple linear regression of the number of Bryde’s whales stranded in the period from 1989 to 2008 (20

years) in the coasts of Sdo Paulo and the Rio de Janeiro states.
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Tabela 1. Data on the strandings of Bryde’s whales along the coasts of S0 Paulo and Rio de Janeiro states, Southeastern Brazil. Coordinates

in decimal degrees.

LOCALITIES DATE SEX BODY LENGTH (m) latitude Longitude REFERENCES
Cananéia, SP August 1972 u 12.5 -24.985265 -47.839604  Santos & Siciliano, 1996
Rio de Janeiro, RJ 28 January 1983 M 7.1 -22.958046 -42.129867 Geise & Borobia, 1988
Itanhaém, SP 1986 U -- -24.170972 -46.742521 Santos & Siciliano, 1996
Angra dos Reis, RJ 03 April 1989 M 10.6 -23.026696 -44.333047 Zerbini et al., 1997
Ilha Comprida, SP November 1994 U 14 -24.748223 -47.544246 Siciliano et al., 2004
Saquarema, RJ 07 April 1995 U 12.4 -22.936423  -42.483538  Zerbinietal., 1997
llha do Cardoso, SP 03 September 1996 F 14 -25.180578 -47.937810 Siciliano et al., 2004
llha Comprida, SP 30 January 1997 U 11 -24.820080 -47.645310 Siciliano et al., 2004
Peruibe, SP 07 December 1997 u 15 -24.336410 -46.997009 Siciliano et al., 2004
Quissama, RJ June 1998 F ~8 -22.160644 -41.278725 Siciliano et al., 2004
Guaruja, SP 18 June 1998 F 12.4 -23.962527 -46.176785 Siciliano et al., 2004
Rio de Janeiro, RJ 22 August 1998 u ~10 -22.982276 -43.173853 Siciliano et al., 2004
Praia Grande, SP 22 September 1998 u 14 -24.015935 -46.411389 Siciliano et al., 2004
Monguagua, SP 09 April 1999 u 12 -24.098591 -46.617475 Siciliano et al., 2004
Praia Grande, SP 21 August 1999 U 12.2 -24.016657 -46.425892 Siciliano et al., 2004
Praia do Félix, Ubatuba, SP 24 July 2000 F 14 -23.444673  -45.067476  Siciliano et al., 2004
Juréia, SP April 2001 M 15 -23.774929  -45.795524  Siciliano et al., 2004
Barra de S3o Jodao, Casemiro de Abreu, RJ 11 December 2001 U ~9 -22.597275 -41.988780 Siciliano et al., 2004; GEMM 028
llha do Cardoso, SP September 2002 M ~12 -25.304011 -48.075637 Siciliano et al., 2004
Marica, RJ 30 January 2003 F 12 -22.962186 -42.817817 Siciliano et al., 2004
Lagoa do Paulista, Quissamd, RJ 26 February 2004 u 9.5 -22.234613 -41.542016 GEMM 052
Praia do Abricd, Rio das Ostras, RJ 23 January 2005 U - -22.529314 -41.949033 GEMM 078
Marica, RJ 14 February 2005 M 15 -22.973176 -42.906982 present study
Barra da Tijuca, Rio de Janeiro, RJ 06 August 2005 u 11 -23.011976  -43.358308 present study
Sao Sebastido, SP 13 October 2005 M 12 -23.677675 -45.418965  Santos et al. (2010)
Figueira, Arraial do Cabo, RJ 03 September 2005 U -- -22.945002 -42.187759 GEMM 088
Praia do Boqueirdo, Ilha Comprida, SP 09 June 2006 M -25.038191 -47.884930  present study
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present study
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present study
Santos et al. (2010)
present study
Santos et al. (2010)
Santos et al. (2010)
GEMM 130
GEMM 145
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present study
GEMM 157
present study
present study
Santos et al. (2010)
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present study
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