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RESUMO 

O primeiro capítulo apresenta dados sobre a ecologia reprodutiva do Trinta-réis-de-bico-
amarelo, Thalasseus sandvicensis eurygnathus do Trinta-réis-de-bico-vermelho, Sterna 

hirundinacea e da Pardela-de-asa-larga, Puffinus lherminieri e o importante trabalho de 
conservação do ambiente insular desenvolvido no Estado do Espírito Santo. Todos os anos 
milhares de indivíduos de T. s. eurygnathus e S. hirundinacea usam as ilhas costeiras do sul 
do Espírito Santo para reproduzir. Os estudos foram desenvolvidos principalmente nas ilhas 
Itatiaia, Escalvada e Branca. O segundo capítulo apresenta dados sobre a ecologia 
reprodutiva, estado e ameaças à conservação, estado populacional e recomendações a cerca de 
temas de pesquisa e estratégias de conservação do Trinta-réis-real (Thalasseus maximus) e 
Trinta-réis-de-bico-amarelo na América do Sul onde nidificam principalmente na Argentina e 
Brasil. Trinta-réis-real tem reprodução registrada em no mínimo 22 localidades. Trinta-réis-
de-bico-amarelo tem reprodução registrada em no mínimo 38 localidades. Em 15 localidades, 
a maioria na Argentina, as espécies nidificam em associação, frequentemente com seus ninhos 
entremeados. A população total para o Trinta-réis-real foi estimada em no mínimo 750 pares 
no Brasil e menos de 5000 na Argentina, enquanto que para o Trinta-réis-de-bico-amarelo foi 
estimado em no mínimo 8000 pares no Brasil e menos de 10000 na Argentina. As principais 
ameaças para suas populações em ambos os países são os distúrbios humanos, a pesca, a 
coleta de ovos e a expansão populacional do Gaivotão (Larus dominicanus). Ações 
prioritárias de pesquisa e conservação são apresentadas. O principal objetivo do terceiro 
capítulo foi esclarecer o relacionamento entre T. s. sandvicensis, T. s. acuflavidus e T. s. 

eurygnathus baseado em seqüências moleculares de DNA mitocondrial e seqüências 
nucleares, uma vez que ainda restam incertezas taxonômicas na tribo Sternini e na 
classificação do complexo sandvicensis/ acuflavidus/ eurygnathus. Material foi coletado para 
o estudo pelo autor e colaboradores em uma ampla área de distribuição geográfica da espécie. 
Os relacionamentos filogenéticos estimados pelos diferentes métodos e seqüências (MtDNA, 
nuclear, and MtDNA+nuclear) foram similares. Árvores construídas com as técnicas de 
Neighbor-Joining e análise Bayesiana do código-de-barras (barcodes) da Citocromo-Oxidase 
I também foram congruentes. Nossas análises indicaram que as populações dos trinta-réis do 
Velho Mundo (T. s. sandvicensis) e do Novo Mundo (T. s. acuflavidus/eurygnathus) são 
geneticamente tão divergentes como as diferentes espécies do gênero e não formam um grupo 
monofilético. Nós propomos que o tratamento taxonômico apropriado para o complexo 
acuflavidus/eurygnathus passe a ser como Thalasseus acuflavidus. O quarto capítulo 
apresenta o primeiro estudo genético com a espécie usando seqüências mitocondriais e 
nucleares, assim como dados de microsatélites. A diversidade do MtDNA é baixa na espécie. 
Todas as três populações apresentam sinais de efeito gargalo e expansão populacional. Por 
outro lado, dados de microsatélites sugerem um recente fluxo gênico entre as populações. Os 
resultados sugerem a ocorrênca de uma zona de hibridização entre o Brasil e a América do 
Norte. A diferença entre os períodos reprodutivos no Brasil e Argentina pode ser importante 
no recente isolamento destas aves costeiras. O último capítulo avalia o estado populacional de 
T. acuflavidus no Brasil e discute sua categoria de ameaça. A população brasileira está 
principalmente confinada na costa do Espírito Santo. Nossa avaliação do estado de 
conservação da espécie seguiu os critérios e categorias adotadas pela UICN. Nós revisamos 
vários parâmetros incluindo o nível taxonômico, as principais ameaças, a área e a extensão de 
ocorrência e o atual tamanho populacional. Nós recomendamos que a espécie seja 
categorizada como Vulnerável no nível nacional. Ela pode também ser classificada como Em 
Perigo no nível regional. Finalmente sugerimos que esforços de pesquisa e conservação sejam 
ampliados na costa do Espírito Santo e que ações semelhantes de conservação sejam 
implementadas ao longo da costa brasileira. 
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ABSTRACT 
 

The first chapter presents data about breeding ecology of the Cayenne Tern, also nominated as 
Thalasseus sandvicensis eurygnathus, South American Tern, Sterna hirundinacea and 
Audubon’s Shearwater, Puffinus lherminieri and the important work of insular environmental 
conservation developed in the State of Espírito Santo. Every year thousands of individuals of 
S. s. eurygnatha and S. hirundinacea use the coastal islands of the southern coast of the state 
of Espírito Santo to breed. Studies on the bioecology of this species are being developed at 
the breeding sites and resting and feeding areas since 1985. The studies were developed 
mainly on the Itatiaia Islands, Escalvada Island and Branca Island. The second chapter 
presents data about the reproductive ecology, status and threats to conservation, populational 
status and recommendations about the topics of research and strategies for conservation of the 
Royal Terns (Thalasseus maximus maximus) and Cayenne Terns (Thalasseus sandvicensis 

eurygnathus) in South America, where breeding mostly in Argentina and Brazil. Royal Terns 
have been recorded in at least 22 locations. Cayenne Terns have been recorded in at least 38 
locations. At 15 locations, mostly located in Argentina, Royal and Cayenne terns breed in 
association, often with their nests intermingled. Total population size for Royal Terns was 
estimated in at least 750 pairs in Brazil and less than 5000 in Argentina, while that of 
Cayenne Terns was estimated in at least 8000 pairs in Brazil and less than 10000 in 
Argentina. Main threats faced by their populations in both countries are human disturbance, 
fisheries, egging, and expanding Kelp Gull (Larus dominicanus) populations. Priority 
research and conservation actions are presented. The aim of the third chapter is to clarify the 
relationships among the Sandwich, Cayenne, and Cabot’s terns based on nuclear and mtDNA 
sequences, because one of the remaining taxonomic uncertainties in the Sternini is in the 
classification of the species complex. Material was collected for this study by the authors and 
collaborators, from a wide range of geographic locations. Phylogenetic relationships 
estimated by the different methods and sequence partitions (mtDNA, nuclear, and 
mtDNA+nuclear) were similar. Trees recovered with Neighbor-Joining and BI analysis of 
COI barcodes too were congruent. Our analysis indicates that the Old World (T. s. 

sandvicensis) and the New World (T. s. acuflavidus/eurygnathus) tern populations are 
genetically as divergent as different species in the genus, and do not form a monophyletic 
group. We propose that the appropriate taxonomic treatment of the acuflavidus/eurygnathus 
complex should be as Cabot’s Tern, Thalasseus acuflavidus. The fourth chapter presents the 
first genetic study of this species using mitochondrial and nuclear sequences as well as 
microsatellites data. MtDNA diversity is low in the species. All three populations present 
signals of bottleneck and population expansion. On the other hand, microsatellites data 
support a recent gene flow among populations. Results suggest the occurrence of a 
hybridization zone between Brazil and North America. The different breeding periods in 
Brazil and Argentina could be important in the recent isolation of these coastal birds. The last 
chapter evaluates the conservation status of T. acuflavidus in Brazil and discusses its threat 
category. The Brazilian population is mainly confined to the coast of Espírito Santo state. Our 
evaluation of the conservation status of this species follows the criteria and categories adopted 
by the IUCN. We review several parameters, including taxonomic level, main threats, area 
and extent of occurrence, and current population size. We recommend that this species should 
be defined as Vulnerable at the national level. It may also qualify as Endangered at the 
regional level. Finally, we suggest that research and conservation efforts should be increased 
on Espírito Santo coast, and that conservation actions should be implemented across the 
whole Brazilian coast. 



Ecologia, História Evolutiva e Conservação de Thalasseus sandvicensis 

 1 

APRESENTAÇÃO 

 

O maior enigma taxonômico na sub-família Sterninae é a classificação do grupo 

Thalasseus sandvicensis/acuflavidus/eurygnathus um taxon que foi muito debatido durante o 

último século. Originalmente, Thalasseus sandvicensis e T. eurygnathus (antigamente Sterna 

eurygnatha) foram consideradas espécies válidas (Moynihan 1959). Posteriores tratamentos 

taxonômicos consideraram T. eurygnathus uma subespécie, raça ou morfo de T. sandvicensis. 

Atualmente T. s. eurygnathus é amplamente reconhecido como a subespécie sul-americana e T. s. 

acuflavidus como a subespécie norte-americana (Sibley and Monroe 1990, Gochfeld and Burger 

1996, Shealer 1999).  

O relacionamento taxonômico entre T. s. acuflavidus e T. s. eurygnathus é pouco 

conhecido o qual parece estar envolvido como parte de uma clina e/ou hibridização ao longo da 

costa da Venezuela (Hayes 2004). Sibley & Monroe (1990) com base em estudos filogenéticos 

caracterizam a subespécie como Thalasseus sandvicensis eurygnathus e afirmam que ela é 

freqüentemente tratada como espécie separada, mas ocorre intercruzamento em colônias mistas 

onde as raças estão em contato. Efe et al. (2004) concluiu que estudos genéticos analisando 

indivíduos das sub-populações do Brasil e futuramente comparando-os com aves das populações 

nidificantes na Argentina e Caribe seriam de extrema importância para a elucidação do enigma 

que envolve as subespécies do grupo sandvicensis/eurygnathus.  

Apesar da controvérsia existente há muito tempo sobre a taxonomia e relações 

filogenéticas entre T. s. sandvicensis , T. s. acuflavidus e T. s. eurygnathus Recentemente, Bridge 

et al. (2005) publicaram uma análise completa sobre a filogenia da família Sternidae inferida 

através de seqüências nucleotídicas de DNA mitocondrial, no entanto não chegaram a nenhum 
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consenso sobre o arranjo filogenético do grupo sandvicensis/acuflavidus/eurygnathus e não 

examinaram aves pertencentes às populações brasileiras e européias. 

No Brasil o trinta-réis-de-bico-amarelo, T. s. eurygnathus (Figura 1), conhecido também 

como trinta-réis-de-bando ou andorinha-do-mar-de-bico-amarelo reproduz-se preferencialmente 

em ilhas rochosas próximas à costa, sendo comumente observada entre os meses de abril e 

outubro freqüentando bóias sinalizadoras e pedras próximas à costa ou sobrevoando e 

alimentando-se em águas costeiras.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figura 1. Fotos de adulto, ovo e filhote característicos do trinta-réis-de-bico-amarelo. 

 

Moure et al. (1985) registraram pela primeira vez a colônia de trinta-réis-de-bico-amarelo 

no litoral do Espírito Santo, até então desconhecida dos pesquisadores brasileiros. Mais tarde T. s. 

eurygnathus foi considerada por Antas (1991) como a espécie costeira mais vulnerável do Brasil, 
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quando registrou que as colônias do Espírito Santo vinham sofrendo extensivas coletas de ovos 

por parte dos pescadores, o que podia afetar severamente o sucesso reprodutivo da espécie.  

O presente trabalho tem por objetivo contribuir com o conhecimento a respeito da 

ecologia reprodutiva de T. s. eurygnathus no País, principalmente nas ilhas do Espírito Santo, 

considerado o maior sítio reprodutivo do trinta-réis-de-bico-amarelo no Brasil (Efe et al. 2000), 

além de abordar aspectos do seu congênere T. maximus (trinta-réis-real). O trabalho aborda 

também a caracterização da filogenia do grupo sandvicensis/acuflavidus/eurygnathus e propõe 

um novo arranjo taxonômico para o táxon. Contribui ainda com o conhecimento sobre a história 

evolutiva e variabilidade genética do trinta-réis-de-bico-amarelo nas Américas e avalia e propõe 

alterações no estado de conservação da espécie no Brasil. O trabalho segue apresentado através 

de cinco artigos que tratam dos temas propostos. 

O primeiro artigo, de cunho introdutório nesta tese, versa sobre a ecologia reprodutiva do 

trinta-réis-de-bico-amarelo nas ilhas do Espírito Santo e de outras aves marinhas, tais como o 

trinta-réis-de-bico-vermelho, Sterna hirundinacea e a pardela-de-asa-larga, Puffinus lherminieri 

além do importante trabalho de conservação dos ambientes insulares desenvolvido no Estado, 

considerado o maior sítio reprodutivo do trinta-réis-de-bico-amarelo no Atlântico sul (Efe et al. 

2000). Entre outras informações, o trabalho apresenta dados inéditos para o Brasil sobre aspectos 

comportamentais do trinta-réis-de-bico-amarelo durante a côrte e cuidade com a prole. O artigo 

foi publicado no livro “Aves marinhas e insulares brasileiras: bioecologia e conservação”, editado 

pela UNIVALI, Itajaí, SC em 2004. 

O segundo artigo apresenta dados a respeito da ecologia reprodutiva, estado e ameaças à 

conservação, estado populacional e recomendações acerca de temas de pesquisa e estratégias de 

conservação dos trinta-réis-de-penacho (trinta-réis-de-bico-amarelo e trinta-réis-real, T. maximus) 
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no Brasil e na Argentina. O artigo foi apresentado na IV North American Ornithological 

Conference, Veracruz, México em 2006 e será publicado em breve no periódico Waterbirds. 

O terceiro artigo estuda o relacionamento filogenético entre uma população européia e 

duas populações americanas do grupo sandvicensis/acuflavidus/eurygnathus com base em 

seqüências nucleotídicas de DNA mitocondrial e nuclear e propõe um novo arranjo taxonômico 

para o táxon. O artigo está no formato apropriado para ser publicado como nota no periódico 

Molecular Phylogenetics and Evolution. 

Sobre a nova ótica taxonômica o quarto artigo aborda a variabilidade genética do trinta-

réis-de-bico-amarelo nas Américas a partir de seqüências nucleotídicas de DNA mitocondrial e 

nuclear, além de microsatélites, bem como discute a história evolutiva, as diferenças 

morfológicas e ecológicas e as implicações taxonômicas e conservacionistas para a espécie. O 

artigo está no formato apropriado para ser publicado no periódico Molecular Ecology. 

O último artigo faz uma revisão do estado taxonômico, das principais ameaças, da 

extensão de ocorrência e área de ocupação, do tamanho e condições populacionais da espécie e 

avalia e propõe alterações no estado de conservação no Brasil. O artigo está no formato 

apropriado para ser publicado no periódico Bird Conservation International. 
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ÁREAS DE ESTUDO 

 

O primeiro artigo estudou a espécie no litoral do Espírito Santo (Figura 2), o qual possui 

várias ilhas costeiras onde ocorre a reprodução do trinta-réis-de-bico-amarelo e de outras aves 

marinhas. Entre as ilhas mais representativas estão as Ilhas Itatiaia, em Vila Velha (20º 21’ 30” S; 

40º 16’ 45” W), a Ilha Escalvada em Guarapari (20º 42’ S; 40º 24’ 24” W) e a Ilha Branca em 

Marataízes (21º 00’ S; 40º 47’ W).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figura 2. Mapa com as ilhas do litoral do Espírito Santo utilizadas para reprodução do trinta-réis-de-bico-amarelo. 

 

O arquipélago das Ilhas Itatiaia (Figura 3) é formado por sete ilhas e situa-se a 1000 m da 

Praia de Itapoã, em Vila Velha. Algumas delas são pequenas ilhas rochosas sem vegetação, 
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enquanto outras são maiores e possuem vegetação rasteira, como gramíneas e cactos e arbustiva e 

arbórea, como mangue e castanheiras. A Ilha Escalvada (Figura 3) localizada à aproximadamente 

oito quilômetros da praia de Setiba no município de Guarapari. Tem aspecto circular, altura de 

aproximadamente 15 metros e apresenta em sua região central, vegetação rasteira composta 

principalmente por gramíneas. Sua região periférica é rochosa e desprovida de vegetação. No 

topo da ilha existe um farol de sinalização com 20 metros de altura e um antigo reservatório 

d’água, atualmente desativado, que funciona como base de apoio aos trabalhos desenvolvidos na 

ilha. A ilha Branca (Figura 3) localiza-se em frente a barra do rio Itapemirim, a 1.400 m da costa, 

no município de Itapemirim é também conhecida como ilhas dos Ovos e apresenta vegetação 

rasteira formada principalmente por cactos. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figura 3. Fotos do arquipélago das Ilhas Itatiaia (alto à esquerda), da Ilha Escalvada (alto à direita) e da Ilha Branca 

ou dos Ovos (embaixo). 
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O segundo artigo apresenta informações sobre sítios de reprodução do trinta-réis-real e do 

trinta-réis-de-bico-amarelo no Brasil e na Argentina abrangendo áreas na costa sul e sudeste do 

Brasil e Patagônia Argentina (Figura 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 4. Mapa da costa sul e sudeste do Brasil e Patagônia Argentina onde se encontram as colônias reprodutivas 

do trinta-réis-real e do trinta-réis-de-bico-amarelo no Brasil e na Argentina. 

 

Para o terceiro e quarto artigos o material foi especialmente coletado pelo autor e 

colaboradores em uma ampla área geográfica tanto na Europa, em Ebro Delta, Espanha (40º 37’ 
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North Carolina, USA –  
T. s. acuflavidus 

Ilha Escalvada – ES 
T. s. eurygnathus 

Punta León – AR  
T. s. eurygnathus 

Delta del Ebro, 
Espanha –   
T. s. sandvicensis 

N; 00º 35’ E), como nas Américas, na Carolina do Norte, EUA (35º 32’ N; 75º 59’ W), na ilha 

Escalvada, Brasil e em Punta León, Argentina (43º 03’ S; 64º 27’ W) (Figura 5). 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 5. Mapa das áreas onde foram coletadas amostras de sangue para as análises filogenéticas e filogeográficas.  
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CAPÍTULO 1 
 

 

Aves Marinhas das Ilhas do Espírito Santo 
 

 

Publicado no livro Aves marinhas e insulares brasileiras: bioecologia e conservação 

(Organizado por Joaquim Olinto Branco). Editora da UNIVALI, Itajaí, SC. 
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Σεα βιρδσ οφ Εσπριτο Σαντο Ισλανδσ. Τηισ χηαπτερ πρεσεντσ δατα αβουτ βρεεδινγ εχολογψ
οφ τηε Χαψεννε Τερν, Στερνα σανδϖιχενσισ ευρψγνατηα, Σουτη Αµεριχαν Τερν, Στερνα
ηιρυνδιναχεα ανδ Αυδυβον�σ Σηεαρωατερ, Πυφφινυσ ληερµινιερι ανδ τηε ιµπορταντ ωορκ οφ
ινσυλαρ ενϖιρονµενταλ χονσερϖατιον δεϖελοπεδ ιν τηε Στατε οφ Εσπριτο Σαντο. Εϖερψ ψεαρ
τηουσανδσ οφ ινδιϖιδυαλσ οφ Σ. σ. ευρψγνατηα ανδ Σ. ηιρυνδιναχεα υσε τηε χοασταλ ισλανδσ οφ
τηε σουτηερν χοαστ οφ τηε στατε οφ Εσπριτο Σαντο το βρεεδ, βετωεεν τηε µοντησ οφ Μαψ ανδ
Σεπτεµβερ. Στυδιεσ ον τηε βιοεχολογψ οφ τηισ σπεχιεσ αρε βεινγ δεϖελοπεδ ατ τηε βρεεδινγ
σιτεσ ανδ ρεστινγ ανδ φεεδινγ αρεασ ιν Βραζιλ σινχε 1985, ανδ παρτ οφ τηεσε δατα ισ δισχυσσεδ
ανδ πρεσεντεδ ιν τηισ χηαπτερ. Τηε στυδιεσ ωερε δεϖελοπεδ µαινλψ ον τηε Ιτατιαια Ισλανδσ,
Εσχαλϖαδα Ισλανδ ανδ Βρανχα Ισλανδ. Τηε τερνσ βεγαν το αρριϖε ιν µιδ−Απριλ. Τηε σεττλεµεντ
ατ τηε χολονψ σιτε οχχυρσ φροµ Μαψ ονωαρδσ. Τηε φιρστ χηιχκσ βεγαν το βε βορν ιν τηε φιρστ
ωεεκσ οφ ϑυνε. Ιν µιδ−Σεπτεµβερ τηε βιρδσ βεγιν το λεαϖε τηε χολονιεσ ανδ αφτερ τηε ενδ οφ
Οχτοβερ αρε ραρελψ φουνδ ον τηε χοαστ οφ τηε Στατε οφ Εσπριτο Σαντο. Ιν Αυγυστ 1993, α σινγλε
Αυδυβον×σ Σηεαρωατερ, Πυφφινυσ ληερµινιερι ωασ φουνδ νεστινγ ιν α χαϖιτψ υνδερ α ροχκ ον
ονε οφ τηε ισλανδσ οφ τηε Ιτατιαια Αρχηιπελαγο, Στατε οφ Εσπριτο Σαντο. Ιν λατερ νοχτυρναλ ϖισιτσ
το τηε ισλανδσ, φουρ οτηερ νεστσ ωερε φουνδ, ωιτη φλεδγλινγσ, ιν νατυραλ χαϖιτιεσ υνδερ στονεσ.
Τηε ψουνγ λεφτ τηε νεστσ ιν ∆εχεµβερ. Τηισ νεω ρεχορδ φορ τηε Στατε οφ Εσπριτο Σαντο µαψ
ινδιχατε τηατ τηισ σπεχιεσ ισ δισπερσινγ ανδ χολονιζινγ νεω αρεασ ιν τηε τροπιχσ, ορ σιµπλψ
τηατ οτηερ βρεεδινγ αρεασ φορ τηε σπεχιεσ αρε ασ ψετ υνκνοων. Μορε ρεχεντ ινιτιατιϖεσ αρε
ινϖεστινγ ιν τηε τρανσφορµατιον οφ τηε χοασταλ ισλανδσ οφ τηε στατε οφ Εσπριτο Σαντο ανδ
συρρουνδινγσ ιντο ενϖιρονµενταλ προτεχτιον αρεασ, ενσυρινγ τηε χονσερϖατιον οφ βρεεδινγ
σιτεσ βψ λεγαλ ινστρυµεντσ το προτεχτ τηεµ.

Ο λιτοραλ βρασιλειρο  υµ δοσ µαισ εξτενσοσ δο µυνδο ε αβριγα υµα
ιµπορταντε διϖερσιδαδε δε εσπχιεσ δε αϖεσ µαρινηασ χοστειρασ ε οχενιχασ.
Νο ενταντο, εξπεριµεντου, εσπεχιαλµεντε, νασ λτιµασ δχαδασ, υµ προχεσσο
δε δεγραδαο αµβιενταλ θυε χοµεου πελο δεσµαταµεντο παρα α
ιµπλανταο δοσ πριµειροσ γρανδεσ αγλοµεραδοσ υρβανοσ ε χυλµινα ηοϕε
χοµ α µ〈 χονδυο δοσ δεσπεϕοσ δε εσγοτοσ δοµστιχοσ ε ινδυστριαισ,
ατερροσ ε οχυπαο δα ορλα, οσ θυαισ ατινγε οσ µανγυεζαισ, λαγοασ, χυρσοσ
δ�〈γυα, πραιασ ε 〈ρεασ µαρινηασ χοµ χονσεθεντε χοµπροµετιµεντο δα
θυαλιδαδε δε ϖιδα δασ ποπυλα⌡εσ ενϖολϖιδασ. Αλιου−σε α εσσεσ φατορεσ υµα
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Χοµο ρεφερενχιαρ οσ χαπτυλοσ



102

ΕΦΕ, 2004. Αϖεσ Μαρινηασ δασ ιληασ δο Εσπριτο Σαντο  π. 101 − 118

εξπλοραο ιναδεθυαδα δο τυρισµο ε δοσ ρεχυρσοσ νατυραισ, θυε νο ϖαλοριζου
α χονσερϖαο δο πατριµνιο νατυραλ ε χυλτυραλ. Εσσα εξπλοραο ιναδεθυαδα
δοσ ρεχυρσοσ νατυραισ ε α χρεσχεντε εξπλοσο δεµογρ〈φιχα αο λονγο δοσ
λτιµοσ ανοσ αλτεραραµ δε φορµα σιγνιφιχαντε α παισαγεµ δοσ αµβιεντεσ
λιτορνεοσ βρασιλειροσ.

∆α µεσµα φορµα, ασ ιληασ χοστειρασ, αο λονγο δοσ ανοσ ϖµ σοφρενδο
ενορµε δεγραδαο δε σευσ εχοσσιστεµασ, πρινχιπαλµεντε πορ εσταρεµ
πρ⌠ξιµασ αο χοντινεντε υρβανιζαδο ε ρεχεβερεµ ϖισιτασ περι⌠διχασ δε
πεσχαδορεσ ε τυριστασ. Εσσασ αγρεσσ⌡εσ χονσταντεσ ϖµ αγραϖανδο α
ρεχοµποσιο νατυραλ δα ϖεγεταο ε τρανσφορµανδο εσσασ ιληασ εµ
αµβιεντεσ ιναδεθυαδοσ παρα α φαυνα εξιστεντε νασ ιληασ.

Αο λονγο δα χοστα βρασιλειρα ασ αϖεσ µαρινηασ ενφρενταµ ϖ〈ριοσ
προβλεµασ, σενδο οσ µαισ φρεθεντεσ α χολετα δε οϖοσ πορ παρτε δε
πεσχαδορεσ ε ϖισιταντεσ, α περτυρβαο δασ χολνιασ ε α πολυιο δοσ µαρεσ,
εσπεχιαλµεντε πορ πετρ⌠λεο ε δεριϖαδοσ, θυε α µδιο ε λονγο πραζο χαυσα
προβλεµασ ταντο νο νϖελ δε σοβρεϖιϖνχια δο ινδιϖδυο χοµο ιντερφερε νο σευ
συχεσσο ρεπροδυτιϖο (ςοορεν & Φερνανδεσ, 1989). Ουτρο γραϖε προβλεµα  α
ιντροδυο δε ανιµαισ εξ⌠τιχοσ νοσ αµβιεντεσ ινσυλαρεσ, θυε αφεταµ ασ αϖεσ
µαρινηασ ατραϖσ δα πρεδαο διρετα πορ γατοσ ε ρατοσ ε δα δεστρυιο δο
ηαβιτατ δε ρεπροδυο πορ χαπρινοσ, εθινοσ ε βοϖινοσ.

Οσ πρινχιπαισ φατορεσ θυε διφιχυλταµ α ρεπροδυο δασ εσπχιεσ
µαρινηασ νο Εσπριτο Σαντο σο α αλτεραο δο ηαβιτατ ε α ιντερφερνχια
αντρ⌠πιχα διρετα ατραϖσ δα πρεσενα ηυµανα να 〈ρεα ε χολετα δε οϖοσ,
ιµποστασ πελο χρεσχεντε δεσενϖολϖιµεντο ποπυλαχιοναλ δασ γρανδεσ χιδαδεσ
ε, α χαρνχια δε προγραµασ χονσερϖαχιονιστασ ϖολταδοσ παρα εσσασ 〈ρεασ,
χοµο ϕ〈 εϖιδενχιαδο πορ Αντασ (1990).

Ασ ιληασ εξιστεντεσ αο λονγο δο λιτοραλ συλ δο Εσπριτο Σαντο τµ παπελ
ιµπορταντε χοµο ρεφγιο παρα ϖ〈ριασ εσπχιεσ δε αϖεσ, ταντο ρεσιδεντεσ θυαντο
µιγρατ⌠ριασ. ∆ασ αϖεσ µιγρατ⌠ριασ, ασ θυε µαισ δεπενδεµ δεσσεσ αµβιεντεσ
σο, σεµ δϖιδα, οσ τριντα−ρισ δο γνερο Στερνα.

Νοσ µεσεσ δε µαιο α σετεµβρο, εσσασ ιληασ φυνχιοναµ χοµο στιο
ρεπροδυτιϖο δε δυασ εσπχιεσ δε ανδορινηασ−δο−µαρ, ο τριντα−ρισ−δε−βιχο−
αµαρελο, Στερνα σανδϖιχενσισ ευρψγνατηα ε ο τριντα−ρισ−δε−βιχο−ϖερµεληο,
Στερνα ηιρυνδιναχεα.

Παρα ο µονιτοραµεντο δεσσασ αϖεσ φοι χριαδο εµ 1998 ο Προϕετο
Ανδορινηασ δο Μαρ, δεσενϖολϖιδο πελα Ασσοχιαο ςιλα−ςεληενσε δε Προτεο
Αµβιενταλ � ΑςΙ∆ΕΠΑ εµ χονϕυντο χοµ ο Χεντρο Ναχιοναλ δε Πεσθυισασ παρα
Χονσερϖαο δασ Αϖεσ Σιλϖεστρεσ − ΧΕΜΑςΕ/ΙΒΑΜΑ. Ο Προϕετο ϖεµ
δεσενϖολϖενδο ατιϖιδαδεσ δε χονσερϖαο, εδυχαο αµβιενταλ ε πεσθυισα,
ταντο νο στιο ρεπροδυτιϖο δο Εσπριτο Σαντο χοµο εµ ουτρασ 〈ρεασ ονδε ασ
ανδορινηασ−δο−µαρ ρεπροδυζεµ−σε ε πασσαµ δυραντε συα µιγραο,
ιντεγρανδο ινστιτυι⌡εσ ε εσφοροσ να χονσερϖαο δεσσασ εσπχιεσ.

Ασ ατιϖιδαδεσ ϖισανδο ◊ προτεο δοσ στιοσ δε ρεπροδυο σο
ιµπορταντεσ χοµο ινιχιατιϖα δε χονσερϖαο δεσσασ εσπχιεσ ε φυνχιοναµ
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ΜΑΜΑΜΑΜΑΜΑΤΕΡΙΑΛ Ε Μ⊃ΤΟ∆ΟΣΤΕΡΙΑΛ Ε Μ⊃ΤΟ∆ΟΣΤΕΡΙΑΛ Ε Μ⊃ΤΟ∆ΟΣΤΕΡΙΑΛ Ε Μ⊃ΤΟ∆ΟΣΤΕΡΙΑΛ Ε Μ⊃ΤΟ∆ΟΣ

Οσ δαδοσ ε ινφορµα⌡εσ φοραµ οβτιδοσ εντρε οσ ανοσ δε 1993 ε 1996
νασ Ιληασ χοστειρασ δο λιτοραλ συλ δο Εσπριτο Σαντο.

∆εντρε ασ ατιϖιδαδεσ δεσενϖολϖιδασ πελο Προϕετο Ανδορινηασ δο Μαρ,
ο ανιληαµεντο τεµ σιδο α µαισ ιντενσιφιχαδα. Α µαρχαο σε δευ χοµ ανιληασ
δο ΧΕΜΑςΕ − Χεντρο δε Πεσθυισασ παρα Χονσερϖαο δασ Αϖεσ Σιλϖεστρεσ,
⌠ργο δο ΙΒΑΜΑ θυε χοορδενα ο Σιστεµα Ναχιοναλ δε Ανιληαµεντο δε Αϖεσ
Σιλϖεστρεσ.

Νασ ιληασ δο Εσπριτο Σαντο, δυραντε α τεµποραδα ρεπροδυτιϖα δασ
ανδορινηασ−δο−µαρ, οσ φιληοτεσ ρεχµ−νασχιδοσ φοραµ µαρχαδοσ αινδα νο
νινηο. Α χαπτυρα δοσ φιληοτεσ χοµ µαισ δε υµα σεµανα δε ϖιδα φοι ρεαλιζαδα
υτιλιζανδο−σε υµ χερχαδο, παρα ονδε φοραµ ενχαµινηαδοσ οσ φιληοτεσ θυε σε

ℑΡΕΑ ∆Ε ΕΣΤΥ∆ΟℑΡΕΑ ∆Ε ΕΣΤΥ∆ΟℑΡΕΑ ∆Ε ΕΣΤΥ∆ΟℑΡΕΑ ∆Ε ΕΣΤΥ∆ΟℑΡΕΑ ∆Ε ΕΣΤΥ∆Ο

Ο λιτοραλ δο Εσπριτο Σαντο ποσσυι ϖ〈ριασ ιληασ χοστειρασ νασ θυαισ
οχορρε ρεπροδυο δε αϖεσ µαρινηασ (Φιγ. 1). Εντρε ελασ ασ µαισ
ρεπρεσεντατιϖασ σο ασ Ιληασ Ιτατιαια  εµ ςιλα ςεληα (20≡ 21� 30� Σ 40≡ 16� 45�
Ω), Ιληα Εσχαλϖαδα, εµ Γυαραπαρι (20≡ 42� Σ 40≡ 24� 24� Ω) ε α Ιληα Βρανχα,
εµ Μαραταζεσ (21≡ 00� Σ 40≡ 47� Ω).

Ασ Ιληασ Ιτατιαια φορµαµ υµ αρθυιπλαγο χοµποστο πορ σετε ιληασ
ροχηοσασ σιτυαδασ α 1.000 µετροσ δα πραια δε Ιταπο〈, νο µυνιχπιο δε ςιλα
ςεληα. Απενασ ασ δυασ µαιορεσ ιληασ απρεσενταµ ϖεγετα⌡εσ χοµποστασ
πρινχιπαλµεντε πορ χαχτ〈χεασ ε γραµνεασ.

Α Ιληα Εσχαλϖαδα εστ〈 λοχαλιζαδα α οιτο θυιλµετροσ δα πραια δε Σετιβα
νο µυνιχπιο δε Γυαραπαρι. Τεµ ασπεχτο χιρχυλαρ, αλτυρα δε απροξιµαδαµεντε
15 µετροσ ε απρεσεντα εµ συα ρεγιο χεντραλ, ϖεγεταο ραστειρα χοµποστα
πρινχιπαλµεντε πορ γραµνεασ. Συα ρεγιο περιφριχα  ροχηοσα ε δεσπροϖιδα
δε ϖεγεταο. Νο τοπο δα ιληα εξιστε υµ φαρολ δε σιναλιζαο χοµ 20 µετροσ
δε αλτυρα ε υµ αντιγο ρεσερϖατ⌠ριο δ�〈γυα, ατυαλµεντε δεσατιϖαδο, θυε φυνχιονα
χοµο βασε δε αποιο αοσ τραβαληοσ δεσενϖολϖιδοσ να ιληα.

Α Ιληα Βρανχα ου δοσ Οϖοσ, χοµο ταµβµ  χονηεχιδα, σιτυα−σε α
1.400 µετροσ δα φοζ δο ριο Ιταπεµιριµ νο µυνιχπιο δε Μαραταζεσ. Ιληα
ροχηοσα, χοβερτα πορ ϖεγεταο ραστειρα χοµποστα πορ γραµνεασ ε χαχτοσ
να πορο χεντραλ, ταµβµ ποσσυι υµ φαρολ παρα σιναλιζαο µαρτιµα.

χοµο χαταλισαδορ δε υµα ποστυρα χονσερϖαχιονιστα, θυε ϖεµ χοντριβυινδο
παρα α µεληορια δα θυαλιδαδε δε ϖιδα δασ ποπυλα⌡εσ ηυµανασ. Α πρεσενα
δε χολνιασ δε ρεπροδυο δε αϖεσ µιγρατ⌠ριασ εµ ιληασ πρ⌠ξιµασ α χοστα, 
υµ εϖιδεντε ινδιχαδορ βιολ⌠γιχο δασ χονδι⌡εσ δε χονσερϖαο δοσ
εχοσσιστεµασ χοστειροσ.
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Φιγυρα 1 − Μαπα χοµ α λοχαλιζαο δασ ιληασ χοστειρασ νο λιτοραλ συλ δο Εσπριτο Σαντο.
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ενχοντραϖαµ να ρεγιο περιφριχα δα ιληα, χονφορµε δεσχριτο εµ Εφε ετ αλ.
(2000). Οσ αδυλτοσ φοραµ χαπτυραδοσ υτιλιζανδο−σε ρεδεσ ορνιτολ⌠γιχασ (µιστ−
νετσ). Ασ οβσερϖα⌡εσ δο χοµπορταµεντο ρεπροδυτιϖο δα ανδορινηα−δο−µαρ−
δε−βιχο−αµαρελο, Στερνα σανδϖιχενσισ ευρψγνατηα φοραµ ρεαλιζαδασ νασ
ιληασ Ιτατιαια ε Εσχαλϖαδα. Παρα ισσο, υτιλιζου−σε ο µτοδο δε ϖαρρεδυρα, νο
θυαλ σε περχορρε χοµ οσ οληοσ τοδα α 〈ρεα δε εστυδο ρεγιστρανδο οσ εϖεντοσ
χοµπορταµενταισ ρεαλιζαδοσ. ∆υραντε α οβσερϖαο οσ εϖεντοσ φοραµ
δεσχριτοσ οραλµεντε ε γραϖαδοσ εµ µιχρο−χασσετεσ. Νασ Ιληασ Ιτατιαια φοραµ
χολεταδασ ινφορµα⌡εσ α ρεσπειτο δο χοµπορταµεντο δε �χορτε� υτιλιζανδο−
σε υµα λυνετα ινσταλαδα εµ υµα ιληα, πρ⌠ξιµα ◊ ιληα εµ θυε οσ ινδιϖδυοσ
σε ενχοντραϖαµ πουσαδοσ. Να Ιληα Εσχαλϖαδα ο νινηαλ εστυδαδο εσταϖα
ινσταλαδο ϕυντο ◊ βασε δε αποιο, ο θυε προπορχιονου α χολετα ϖισυαλ δε
ινφορµα⌡εσ α ρεσπειτο δο χοµπορταµεντο δε �χυιδαδοσ χοµ α προλε�. Ουτρο
ρεπερτ⌠ριο χοµπορταµενταλ εστυδαδο νεσσα ιληα φοι δενοµιναδο δε �χρεχηε�,
παρα ο θυαλ υτιλιζου−σε ο φαρολ χοµο ποντο δε οβσερϖαο ε υµ βιν⌠χυλο
χοµο εθυιπαµεντο ϖισυαλ.

Οσ ρεγιστροσ χοµπορταµενταισ δε �χορτε� φοραµ ρεαλιζαδοσ εµ θυατρο
σεσσ⌡εσ δι〈ριασ δε 20 µινυτοσ, χοµ ιντερϖαλο δε δυασ ηορασ εντρε ελασ,
δυραντε υµ δια ε οσ ρεγιστροσ α ρεσπειτο δοσ �χυιδαδοσ χοµ α προλε� ε
�χρεχηε� υτιλιζαραµ ο µεσµο ιντερϖαλο δε τεµπο, σενδο ρεαλιζαδοσ δυραντε
δοισ διασ.

Α ρεαλιζαο δεστεσ τραβαληοσ χοµ ασ ανδορινηασ−δο−µαρ ιντενσιφιχου
ασ ϖισιτασ ◊σ ιληασ ε ποσσιβιλιτου εστυδοσ χοµ ουτρασ εσπχιεσ θυε οχορρεµ
ε νιδιφιχαµ νο λιτοραλ δο Εσπριτο Σαντο.

Ο τραβαληο χοµ α παρδελα−δε−ασα−λαργα σε δευ εξχλυσιϖαµεντε νασ
Ιληασ Ιτατιαια. Οσ φιληοτεσ ε αδυλτοσ φοραµ χαπτυραδοσ µανυαλµεντε δυραντε
α νοιτε ε µαρχαδοσ χοµ ανιληασ µετ〈λιχασ αδαπταδασ ◊ φορµα τριανγυλαρ δα
πατα δα αϖε.

Ασ Εσπχιεσ

Τριντα−ρισ−βιχο−αµαρελο, Στερνα σανδϖιχενσισ ευρψγνατηα

Ο τριντα−ρισ−δε−βιχο−αµαρελο ου ανδορινηα−δο−µαρ−δε−βιχο−αµαρελο,
Στερνα σανδϖιχενσισ ευρψγνατηα  αµπλαµεντε διστριβυδο να χοστα ατλντιχα
δα Αµριχα δο Συλ, δεσδε ασ ιληασ δο Χαριβε (12≡ Ν) ατ α ρεγιο δε Πορτο
∆εσεαδο (46≡ Σ) (Εσχαλαντε, 1970). Σεγυνδο Σιβλεψ & Μονροε (1990), ελεσ
ινϖερναµ αο λονγο δα χοστα δα Αµριχα δο Συλ ατ α Αργεντινα ε ϖαγαµ ατ
α Ιληα Χοζυµελ να Πεννσυλα Ψυχατ〈ν. Σπαανσ (1978) χονσιδερα α χοστα δο
Συριναµε υµ ιµπορταντε ποντο δε δεσχανσο παρα ασ αϖεσ οριυνδασ δο νορτε,
εντρεταντο νο δεσχαρτα α ποσσιβιλιδαδε δε απαρεχερεµ ινδιϖδυοσ
προϖενιεντεσ δασ ποπυλα⌡εσ θυε σε ρεπροδυζεµ αο συλ. Ψοριο ετ αλ. (1994)
αφιρµαµ θυε Στερνα σππ. σο εσχασσασ να Παταγνια ε εξιστεµ µυιτο
πουχασ χολνιασ δε Σ. σανδϖιχενσισ ευρψγνατηα να Αργεντινα.
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Ηιστοριχαµεντε, εξιστεµ ρεγιστροσ δε χολνιασ δε ρεπροδυο νασ
Ιληασ δα Βαα δε Γυαναβαρα ε Ιληα δο Παπαγαιο, νο Ριο δε ϑανειρο (Σιχκ,
1997), να Ιληα δα Φιγυειρα εµ Σο Παυλο (Σχηερερ−Νετο, 1985 ιν Εφε, 2000)
ε να Ιληα ∆εσερτα εµ Σαντα Χαταρινα (Εσχαλαντε ετ αλ., 1988), νο ενταντο
ατυαλµεντε εστεσ λοχαισ νο τµ σιδο υτιλιζαδοσ χοµ φρεθνχια ε ασ
χονταγενσ δα εσπχιε νεστασ λοχαλιδαδεσ, νυνχα υλτραπασσαµ πουχασ
δεζενασ.

Νο Βρασιλ α εσπχιε ρεπροδυζ−σε πρεφερενχιαλµεντε εµ ιληασ
ροχηοσασ πρ⌠ξιµασ ◊ χοστα, σενδο χοµυµεντε οβσερϖαδα εντρε οσ µεσεσ
δε αβριλ ε ουτυβρο φρεθεντανδο β⌠ιασ σιναλιζαδορασ ε πεδρασ πρ⌠ξιµασ ◊
χοστα ου σοβρεϖοανδο ε αλιµεντανδο−σε εµ 〈γυασ χοστειρασ. ∆ε αχορδο
χοµ Εφε ετ αλ. (2000) δασ 25.733 αϖεσ ανιληαδασ νο Εσπριτο Σαντο εντρε
1988 ε 1997, 169 (0,66 %) φοραµ ρεχυπεραδασ, ατ 1999, αο λονγο δα χοστα
δα Αµριχα δο Συλ, δεσδε ο Μαρανηο ατ ο νορτε δα Αργεντινα.

Μουρε ετ αλ. (1985) ιν Εφε ετ αλ. (2000) ρεγιστραραµ πελα πριµειρα ϖεζ
α χολνια δε τριντα−ρισ−δε−βιχο−αµαρελο νο λιτοραλ δο Εσπριτο Σαντο, ατ εντο
δεσχονηεχιδα δοσ πεσθυισαδορεσ βρασιλειροσ. Μαισ ταρδε Στερνα
σανδϖιχενσισ ευρψγνατηα φοι χονσιδεραδα πορ Αντασ (1990) χοµο α εσπχιε
χοστειρα µαισ ϖυλνερ〈ϖελ δο Βρασιλ, θυανδο ρεγιστρου θυε ασ χολνιασ δο
Εσπριτο Σαντο ϖινηαµ σοφρενδο εξτενσιϖασ χολετασ δε οϖοσ πορ παρτε δοσ
πεσχαδορεσ, ο θυε ποδια αφεταρ σεϖεραµεντε ο συχεσσο ρεπροδυτιϖο δα
εσπχιε. Ατυαλµεντε, Εφε ετ αλ. (2000) εστιµαµ α ποπυλαο τοταλ δο Εσπριτο
Σαντο εντρε 10.000 ε 13.000 ινδιϖδυοσ, ε χονσιδερα α ρεγιο χοµο ο µαιορ
στιο ρεπροδυτιϖο δα εσπχιε εµ τοδο ο Ατλντιχο Συλ.

Να χοστα δο Εσπριτο Σαντο, Σ. σανδϖιχενσισ ευρψγνατηα συργε εµ
µεαδοσ δε αβριλ ε νο ινχιο δε σετεµβρο ασ αϖεσ χοµεαµ α δειξαρ ασ
χολνιασ. Απ⌠σ ο φιναλ δε ουτυβρο, ραραµεντε σο ενχοντραδασ να χοστα δο
Εσπριτο Σαντο. ∆ε αχορδο χοµ Εφε ετ αλ. (2000), ο εσταβελεχιµεντο δα χολνια
ρεπροδυτιϖα οχορρε α παρτιρ δε µαιο ε οσ πριµειροσ φιληοτεσ χοµεαµ α νασχερ
νασ πριµειρασ σεµανασ δε ϕυνηο.

Οσ χασαισ δε Σ. σανδϖιχενσισ ευρψγνατηα φορµαµ δενσασ χολνιασ.
Οσ οϖοσ ε φιληοτεσ δο τριντα−ρισ−δε−βιχο−αµαρελο, εµ γεραλ σο βρανχοσ ε
χοβερτοσ πορ µανχηασ, νεχεσσιτανδο δε µαιορ προτεο χοντρα πρεδαδορεσ.
Νασ χολνιασ δο Εσπριτο Σαντο, Εφε (2001) ρεγιστρου υµ οϖο πορ νινηο
δεποσιταδο εµ πεθυενασ δεπρεσσ⌡εσ νο σολο ου εµ νινηοσ χονφεχχιοναδοσ
χοµ γραϖετοσ να ϖεγεταο ραστειρα. ∆αδοσ δε 150 οϖοσ µεδιδοσ
απρεσενταραµ ο χοµπριµεντο µδιο δε 51,83 µµ ± 2,0 (48,7 µµ − 57,1
µµ) ε λαργυρα µδια δε 35,91 µµ ± 1,36 (31,3 µµ − 39,6 µµ). Α µασσα
µδια δοσ 150 οϖοσ φοι δε 35,49 γ ± 3,15 (25γ − 45γ ).

Οσ φιληοτεσ, απ⌠σ α πριµειρα σεµανα, σε αγρυπαµ εµ χρεχηεσ να
ρεγιο περιφριχα δοσ νινηαισ ονδε σο προτεγιδοσ πορ αδυλτοσ.

Ουτρα εστρατγια δε προτεο  ο φατο δε θυε α ποπυλαο χοστυµα
ϖαριαρ να εσχοληα δο λοχαλ δε ρεπροδυο α χαδα τεµποραδα ρεπροδυτιϖα,
υτιλιζανδο ασσιµ, δε φορµα διϖερσα, ασ ιληασ δισπονϖεισ να χοστα δο Εσπριτο
Σαντο. Σεγυνδο Εφε (2001), α φρεθνχια δε οχορρνχια δε ρεπροδυο φοι
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µαιορ νασ Ιληασ Εσχαλϖαδα ε Ιτατιαια, χυϕοσ ϖαλορεσ χορρεσπονδεραµ α 90% ε
70%, ρεσπεχτιϖαµεντε.

Θυανδο σε σεντεµ αµεααδοσ οσ ινδιϖδυοσ αδυλτοσ δε Τριντα−ρισ−
δε−βιχο−αµαρελο λεϖανταµ ϖο ε περµανεχεµ ϖοχαλιζανδο ε σοβρεϖοανδο ο
νινηαλ εµ υµα χονσταντε αλγαζαρρα. Πασσαδα α αµεαα, ρετορναµ τοδοσ,
σινχρονιζαδαµεντε, α σευσ νινηοσ.

Α παρτιρ δο εστυδο χοµπορταµενταλ φοι ποσσϖελ ιδεντιφιχαρ ε δεσχρεϖερ
οσ πρινχιπαισ εϖεντοσ ρεαλιζαδοσ πελασ αϖεσ.

Ασ οβσερϖα⌡εσ ρελαχιοναδασ ◊ �χορτε� τοταλιζαραµ 80 µινυτοσ δε
οβσερϖαο. ςεριφιχου−σε θυε οσ εϖεντοσ φοραµ µαισ ιντενσοσ νασ πριµειρασ
ηορασ δο δια, θυανδο α τεµπερατυρα ερα µαισ αµενα. Πελο φατο δα εσπχιε
νο απρεσενταρ διµορφισµο σεξυαλ απαρεντε, δυραντε τοδο ο τραβαληο οσ
ινδιϖδυοσ σερο τραταδοσ χοµο �προϖ〈ϖελ µαχηο� ε �προϖ〈ϖελ φµεα�. ∆υραντε
ο εστυδο, αλγυνσ εϖεντοσ φοραµ ιδεντιφιχαδοσ ε σο δεσχριτοσ α σεγυιρ:

Χαµινηαδα: Νεστε εϖεντο ο �προϖ〈ϖελ µαχηο� εµπυρρα α �προϖ〈ϖελ φµεα�
χοµ ο βιχο, οβριγανδο−α α χαµινηαρ πορ εντρε ο βανδο δε ινδιϖδυοσ πουσαδοσ.
Φοι χοµυµ οβσερϖαρ δυραντε α χαµινηαδα α �προϖ〈ϖελ φµεα� χοµ ασ ασασ
εντρεαβερτασ.

∆ανα: Ο �προϖ〈ϖελ µαχηο� σε εξιβε παρα α �προϖ〈ϖελ φµεα�, φαζενδο
µοϖιµεντοσ δε αβριρ ε φεχηαρ ασ ασασ ε λεϖανταρ ε αβαιξαρ ο βιχο ενθυαντο
α ροδεια.

Οφερεχενδο αλιµεντο: ∆υραντε α χορτε φοι χοµυµ οβσερϖαρ α �προϖ〈ϖελ
φµεα� πουσαδα νο σολο, σε αβαιξαρ ε ϖοχαλιζαρ αο περχεβερ α χηεγαδα δε
σευ παρχειρο εµ ϖο χοµ αλιµεντο πρεσο αο βιχο. Απ⌠σ ο πουσο δο �προϖ〈ϖελ
µαχηο�, α �προϖ〈ϖελ φµεα� βιχαϖα πορ ϖ〈ριασ ϖεζεσ ο πειτο δο �προϖ〈ϖελ
µαχηο� ε, αγαχηαδα, εστιχαϖα ο πεσχοο τεντανδο αλχαναρ ο αλιµεντο πρεσο
αο βιχο δο παρχειρο. Εστε πορ συα ϖεζ, φαζια µοϖιµεντοσ δε αβαιξαρ ε λεϖανταρ
α χαβεα. Απ⌠σ αλγυµ περοδο νεσσε ριτυαλ, ο �προϖ〈ϖελ µαχηο� λιβεραϖα ο
αλιµεντο παρα α �προϖ〈ϖελ φµεα�.

Χ⌠πυλα: Α χ⌠πυλα, γεραλµεντε  πρεχεδιδα πορ υµ ου µαισ δοσ εϖεντοσ
δεσχριτοσ αντεριορµεντε. Νο ατο δα χ⌠πυλα, χοµο αχοντεχε νασ ουτρασ
εσπχιεσ δε αϖεσ, ο µαχηο σοβε νο δορσο δα φµεα ε βατενδο ασ ασασ
µαντµ ο εθυιλβριο, ατ θυε, χοµ συα χαυδα, χονσεγυε αφασταρ λατεραλµεντε
α χαυδα δα φµεα ε ενχοσταρ συα χλοαχα ◊ δελα. Εσσε µοϖιµεντο ποδε σε
ρεπετιρ πορ ϖ〈ριασ ϖεζεσ εµ υµ χυρτο περοδο δε τεµπο.

Ασ οβσερϖα⌡εσ ρελαχιοναδασ αοσ �χυιδαδοσ χοµ α προλε� φοραµ
ρεαλιζαδασ να Ιληα Εσχαλϖαδα ε τοταλιζαραµ 160 µινυτοσ δε οβσερϖαο.
Νεστα φασε δο χιχλο ρεπροδυτιϖο φοραµ ιδεντιφιχαδοσ οσ σεγυιντεσ εϖεντοσ:

Ινχυβαο: Εϖεντο νο θυαλ ο ινδιϖδυο περµανεχε χηοχανδο ο οϖο.
Φρεθεντεµεντε ο ινδιϖδυο θυε χηοχα, λεϖαντα−σε ε αρρυµα ο οϖο χοµ
ο βιχο.



108

ΕΦΕ, 2004. Αϖεσ Μαρινηασ δασ ιληασ δο Εσπριτο Σαντο  π. 101 − 118

Τροχα δε τυρνο: Εστε εϖεντο χαραχτεριζα ο ρεϖεζαµεντο ρεαλιζαδο πορ αµβοσ
οσ παισ, να ινχυβαο δοσ οϖοσ ε χυιδαδοσ χοµ ο φιληοτε. ∆υραντε ο δια σο
φειτασ ϖ〈ριασ τροχασ δε τυρνο. Να µαιορια δασ ϖεζεσ, α µεσµα αχοντεχε δε
φορµα βασταντε ρ〈πιδα, δεϖιδο ◊ προξιµιδαδε δοσ νινηοσ ε ενορµε
αγρεσσιϖιδαδε πορ παρτε δοσ ϖιζινηοσ. Νεστε εϖεντο, ο ινδιϖδυο θυε χηεγα,
πουσα αο λαδο δο ινδιϖδυο θυε εστ〈 χηοχανδο ε χοµεα α ρεχεβερ βιχαδασ
δοσ σευσ ϖιζινηοσ. Ιµεδιαταµεντε ο ινδιϖδυο θυε χηοχαϖα λεϖαντα−σε ε δειξα
ο οϖο ου ο φιληοτε εξποστοσ. Ο ινδιϖδυο θυε χηεγου ασσυµε α προτεο ε ο
θυε χηοχαϖα, πασσα ταµβµ α ρεχεβερ βιχαδασ ατ λεϖανταρ ϖο. Θυανδο ο
χασαλ απρεσεντα φιληοτε, γεραλµεντε ο ινδιϖδυο θυε χηεγα, τραζ αλιµεντο πρεσο
αο βιχο, θυε  ρεπασσαδο αο φιληοτε πορ ελε ου πορ ιντερµδιο δο αδυλτο θυε
χηοχα.

∆εφεσα δο τερριτ⌠ριο: Α εσπχιε, πορ ρεπροδυζιρ εµ χολνιασ δενσασ ε
νυµεροσασ σε µοστρου φορτεµεντε τερριτοριαλιστα, εξιβινδο χονσταντεµεντε
εϖεντοσ αγρεσσιϖοσ εµ δεφεσα δε σευ νινηο. Φοι χοµυµ οβσερϖαρ α αϖε
πουσαδα εµ σευ νινηο, χοµ οϖο ου φιληοτε, ϖοχαλιζαρ ε τροχαρ βιχαδασ φορτεσ
χοµ οσ ϖιζινηοσ αο σευ ρεδορ. Ο τερριτ⌠ριο δε χαδα παρ απρεσεντα σευσ λιµιτεσ
ρελαχιοναδοσ χοµ ο χρχυλο χοβερτο πελο αλχανχε δοσ σευσ βιχοσ.
Μανυτενο δο παρ: ∆υραντε α ινχυβαο ε χυιδαδοσ χοµ ο φιληοτε, φοι
χοµυµ οβσερϖαρ α ιδεντιφιχαο δοσ παρχειροσ θυανδο σε ενχοντραϖαµ,
πρινχιπαλµεντε, δυραντε α τροχα δε τυρνο. Θυανδο υµ ινδιϖδυο πουσαϖα ϕυντο
αο ουτρο θυε χηοχαϖα νο νινηο, ιµεδιαταµεντε ελε ρεχεβια βιχαδασ λεϖεσ δε
σευ παρχειρο ε αµβοσ ϖοχαλιζαϖαµ ατ θυε σε ρεχονηεχιαµ. Εϖεντυαλµεντε
φοραµ οβσερϖαδοσ µοϖιµεντοσ δε αβαιξαρ ε λεϖανταρ α χαβεα ε αβριρ ασ
ασασ, θυε φοραµ ρεαλιζαδασ πελοσ δοισ παρχειροσ. Εµ αλγυµασ οχασι⌡εσ ο
ινδιϖδυο θυε χηοχαϖα, φοι αλιµενταδο πελο παρχειρο θυε χηεγου.

Χυιδαδοσ χοµ α πλυµαγεµ: ∆υραντε α φασε δε ινχυβαο ε δεσενϖολϖιµεντο
δο φιληοτε, ο ινδιϖδυο θυε χηοχαϖα, χονσταντεµεντε, αρρυµαϖα συα πλυµαγεµ
χοµ ο βιχο.

Ασ οβσερϖα⌡εσ ρελαχιοναδασ αο χοµπορταµεντο δε �χρεχηε� φοραµ
ρεαλιζαδασ να Ιληα Εσχαλϖαδα εµ υµα χρεχηε δε απροξιµαδαµεντε 170 φιληοτεσ
χοµ ιδαδεσ εντρε τρσ ε θυατρο σεµανασ, τοταλιζανδο 160 µινυτοσ δε
οβσερϖαο.

Απ⌠σ οσ φιληοτεσ χοµπλεταρεµ υµα σεµανα δε ϖιδα, α µαιορια
αβανδοναϖα α ρεγιο δο νινηαλ ε χονχεντραϖαµ−σε εµ γρυποσ να ρεγιο
περιφριχα δα ιληα. Γεραλµεντε εσσεσ γρυποσ σο προτεγιδοσ ε αχοµπανηαδοσ
δε περτο πορ αλγυνσ αδυλτοσ θυε χαµινηαµ να βορδα δοσ γρυποσ. Α φορµαο
δεσσασ χρεχηεσ  υµα δασ φορµασ δε προτεο δα εσπχιε χοντρα σευσ
πρεδαδορεσ, ασσιµ χοµο α ρεπροδυο εµ χολνιασ ε νινηαισ δενσοσ. Αβαιξο
σεγυεµ δεσχριτοσ αλγυνσ εϖεντοσ ιδεντιφιχαδοσ:

Αλιµενταο δο φιληοτε:  ∆υραντε τοδο ο τεµπο φοι χοµυµ οβσερϖαρ αδυλτοσ
χοµ πειξε νο βιχο σοβρεϖοανδο ο λοχαλ ε ϖοχαλιζανδο σοβρε α χρεχηε. Νεσσε
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µοµεντο οσ φιληοτεσ ρεαγιραµ δε δυασ µανειρασ, (1) οσ φιληοτεσ θυε
ιδεντιφιχαϖαµ οσ αδυλτοσ χοµο σενδο υµ δε σευσ παισ σααµ δο χεντρο δα
χρεχηε ε ιαµ ρεχεβερ ο αλιµεντο; (2) οσ ουτροσ φιληοτεσ, θυε νο τινηαµ ρελαο
παρενταλ χοµ οσ αδυλτοσ εµ ϖο, αγαχηαϖαµ−σε, εστιχαϖαµ ο πεσχοο ε
ϖοχαλιζαϖαµ παρα ο αλτο χοµο φορµα δε πεδιρ αλιµεντο. Θυανδο ο αδυλτο,
εϖεντυαλµεντε, πουσαϖα πρ⌠ξιµο δο σευ προϖ〈ϖελ φιληοτε χοµ ο πειξε νο βιχο,
ιµεδιαταµεντε ελε ερα αταχαδο πορ ουτροσ φιληοτεσ φαµιντοσ, θυε µυιτασ ϖεζεσ
ρουβαϖαµ ο αλιµεντο δο βιχο δο αδυλτο. ∆υραντε εσσεσ εϖεντοσ οσ φιληοτεσ
εραµ αχοµπανηαδοσ δε περτο πελοσ αδυλτοσ θυε αχοµπανηαµ ε προτεγεµ α
χρεχηε. Εσσεσ, πορ ϖεζεσ, ποδεµ εσπανταρ ινχλυσιϖε ουτροσ αδυλτοσ θυε
πουσεµ πρ⌠ξιµο ◊ χρεχηε. Εσσεσ αδυλτοσ σο ρεσπονσ〈ϖεισ ταµβµ πελα
χονδυο ε αχοµπανηαµεντο δο φιληοτε θυε σε �δεσγαρρα� δα χρεχηε,
τραζενδο−ο δε ϖολτα αο γρυπο. Εφε ετ αλ. (2000) εστιµαραµ α ποπυλαο να Ιληα
Βρανχα εµ 1990 εµ 10.000 ινδιϖδυοσ, να Ιληα Εσχαλϖαδα εµ 1994 εµ 10.000
ινδιϖδυοσ ε εµ 13.000 ινδιϖδυοσ να Ιληα Εσχαλϖαδα εµ 1996. Νοσ ανοσ δε
χονταγεµ εστασ ιληασ χονχεντραραµ οσ µαιορεσ νµεροσ δε ινδιϖδυοσ εντρε
ασ χολνιασ υτιλιζαδασ παρα ρεπροδυο νο Εσπριτο Σαντο.

Γοχηφελδ & Βυργερ ιν Ηοψο ετ αλ. (1996) χοµ βασε να αν〈λισε φεντιχα
δε εσθυελετο ε µορφολογια εξτερνα ρεαλιζαδα πορ Σχηνελλ (1970) ινδιχαµ σεισ
εσπχιεσ παρα ο γνερο Στερνα ε αλοχαµ ο τριντα−ρισ−δε−βιχο−αµαρελο, ασσιµ
χοµο ουτροσ τριντα−ρισ γρανδεσ χοµ χριστα νο γνερο Τηαλασσευσ. Σεγυνδο
Εφε ετ αλ. (2000) νο γρυπο δοσ Τριντα−ρισ, υµ δοσ γρανδεσ ενιγµασ  α
χαραχτεριζαο ταξονµιχα απλιχαδα α Στερνα σανδϖιχενσισ ευρψγνατηα, θυε
υλτιµαµεντε ϖεµ σοφρενδο αλγυµασ ϖαρια⌡εσ. Σιχκ (1997) τρατα Στερνα
σανδϖιχενσισ ευρψγνατηα ε Στερνα σανδϖιχενσισ σανδϖιχενσισ δε φορµα
ινδεπενδεντε.

Οσ αδυλτοσ δα συβ−ποπυλαο βρασιλειρα απρεσενταµ γρανδε ϖαριαο
να θυαντιδαδε δε πρετο εξιστεντε, εµ φορµα δε µανχηασ, νοσ χλµενσ ε
ταρσοσ. Θυαντο αο χλµεµ, οβσερϖου−σε θυε α χολοραο ϖαριαϖα δο αµαρελο
αο νεγρο, χοµ διϖερσοσ γραυσ ιντερµεδι〈ριοσ. Εφε (2001) ρεγιστρου τρσ παδρ⌡εσ
δε χορεσ, να χολνια ρεπροδυτιϖα δα Ιληα Εσχαλϖαδα, ονδε ϖεριφιχου υµα
φρεθνχια δε 55,22% δε αϖεσ αδυλτασ χοµ χλµεµ αµαρελο ε 44,77% δε
αϖεσ χοµ χλµεµ µεσχλαδο εντρε αµαρελο ε πρετο.

Νορτον (1984) αφιρµα θυε α 〈ρεα δε ινϖερναδα δε Στερνα σανδϖιχενσισ
αχυφλαϖιδα, θυε τεµ χλµεµ νεγρο χοµ ποντα αµαρελα, σε σοβρεπ⌡ε ◊ 〈ρεα
δε ρεπροδυο δε Σ. σανδϖιχενσισ ευρψγνατηα να χοστα δα Αµριχα δο Συλ
ονδε ϖνχυλοσ σοχιαισ ποδεµ σερ φορµαδοσ παρα α πρ⌠ξιµα πριµαϖερα,
ινφλυενχιανδο µοϖιµεντοσ εξτρα−λιµιτεσ ε ρεχρυταµεντο δε ϕοϖενσ εµ ιδαδε
ρεπροδυτιϖα προχυρανδο ηαβιτατσ δε ρεπροδυο. Ανσινγη ετ αλ. (1960), ταµβµ
δεφενδεµ θυε α ϖαριαο να χολοραο δο χλµεµ τεµ σιδο ατριβυδα αο
ρεσυλταδο δασ ιντεργραδα⌡εσ σεχυνδ〈ριασ δα φορµα δο συλ δε χλµεµ
αµαρελο, ευρψγνατηα ε δα φορµα δε χλµεµ πρετο δο νορτε, αχυφλαϖιδα (ϑυνγε
& ςοουσ, 1955). Πορ ουτρο λαδο, Βυχκλεψ & Βυχκλεψ (1984) αφιρµαµ θυε µεσµο
χοµ ο ιντερχρυζαµεντο δε ευρψγνατηα ε σανδϖιχενσισ νασ Αντιληασ Ηολανδεσασ
απαρεντεµεντε νο η〈 εϖιδνχιασ παρα χονσιδεραρ υµ ρεχεντε χοντατο ου
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θυε α ζονα δε ηιβριδιζαο εστεϕα εµ εξπανσο, ε ισσο νο ποδε σερ
χονσιδεραδο υµα ινδιχαο δε ποσσϖελ τροχα δε αλελοσ εντρε οσ γρυποσ δε
ευρψγνατηα ε σανδϖιχενσισ ατ θυε εστα θυεστο σεϕα χυιδαδοσαµεντε
εξαµιναδα. Σεγυνδο Ηαρρισον (1983) α εσπχιε  χονσιδεραδα πορ µυιτοσ
αυτορεσ χοµο υµα ραα δε Στερνα σανδϖιχενσισ, χοµ ο θυαλ παρεχε εσταρ
ενϖολϖιδο χοµο παρτε δε υµα χλιµα ε/ου ηιβριδιζαο αο λονγο δα χοστα δα
ςενεζυελα. Σιβλεψ & Μονροε (1990) χοµ βασε εµ εστυδοσ φιλογεντιχοσ
χαραχτεριζαµ α εσπχιε χοµο Στερνα σανδϖιχενσισ ευρψγνατηα ε αφιρµαµ
θυε ελα  φρεθεντεµεντε τραταδα χοµο εσπχιε σεπαραδα, µασ οχορρε ιντερ−
χρυζαµεντο εµ χολνιασ µιστασ ονδε ασ ραασ εστο εµ χοντατο.

Ασ ϖαρια⌡εσ µορφολ⌠γιχασ δεστασ ραασ, η〈 µυιτο ϖµ σενδο
δισχυτιδο. Ανσινγη ετ αλ. (1960) δεσχρεϖεραµ ε θυαντιφιχαραµ α ϖαριεδαδε δε
χορεσ νοσ οϖοσ, περνασ ε χλµενσ δε αδυλτοσ δε Τριντα−ρισ−δε−βιχο−αµαρελο,
Στερνα σανδϖιχενσισ ευρψγνατηα εµ Χυρααο, ιληα αο συλ δο Χαριβε. Σιχκ
(1997) τρατα Στερνα σανδϖιχενσισ ευρψγνατηα ε Στερνα σανδϖιχενσισ
σανδϖιχενσισ δε φορµα ινδεπενδεντε, ινδιχανδο ο ταµανηο δε 41 χµ παρα α
πριµειρα ε, δε 32 α 35 χµ παρα α λτιµα. Εφε (2001) εστυδου α ϖαριαβιλιδαδε
µορφοµτριχα δε οϖοσ, φιληοτεσ ε αδυλτοσ νο στιο ρεπροδυτιϖο δο Εσταδο δο
Εσπριτο Σαντο, βεµ χοµο χοµπαρου µεδιδασ λινεαρεσ δε αδυλτοσ δα εσπχιε
νο στιο ρεπροδυτιϖο δο Εσπριτο Σαντο ε εµ 〈ρεασ δε αλιµενταο χοµο ο
Παρθυε Ναχιοναλ δα Λαγοα δο Πειξε, νο Ριο Γρανδε δο Συλ ε να Ιληα Χοροα
ςερµεληα, να Βαηια. Οσ ρεσυλταδοσ δα αν〈λισε δασ µεδιδασ δοσ αδυλτοσ νασ
τρσ 〈ρεασ δε εστυδο µοστρου διφερενασ σιγνιφιχατιϖασ παρα τοδοσ οσ
παρµετροσ αναλισαδοσ, ποδενδο πορταντο, αχειταρ−σε α ηιπ⌠τεσε δε θυε ελασ
περτεναµ ◊ ποπυλα⌡εσ διφερεντεσ. Εφε (2001) χονχλυι θυε εστυδοσ γεντιχοσ
αναλισανδο ινδιϖδυοσ δασ συβ−ποπυλα⌡εσ δο Βρασιλ ε φυτυραµεντε
χοµπαρανδο−οσ χοµ αϖεσ δασ ποπυλα⌡εσ νιδιφιχαντεσ να Αργεντινα ε Χαριβε,
σερο δε εξτρεµα ιµπορτνχια παρα α ελυχιδαο δο ενιγµα θυε ενϖολϖε ασ
συβεσπχιεσ δο γρυπο σανδϖιχενσισ / ευρψγνατηα.

Ρεχεντεµεντε, Εφε (2001) ταµβµ αϖαλιου α προδυτιϖιδαδε,
µορταλιδαδε, σοβρεϖιϖνχια ε εξπεχτατιϖα δε ϖιδα να ιδαδε εσπεχφιχα δα χοορτε
αχοµπανηαδα να εσταο ρεπροδυτιϖα δε 1993 να Ιληα Εσχαλϖαδα, βεµ χοµο
απρεσεντου δαδοσ δε συχεσσο ρεπροδυτιϖο δα ποπυλαο νιδιφιχαντε να µεσµα
ιληα εντρε οσ ανοσ δε 1993 ε 1997. Νο εστυδο ο αυτορ ϖεριφιχου υµα αλτα ταξα
δε µορταλιδαδε ατ οσ σετε πριµειροσ διασ δε ϖιδα δοσ φιληοτεσ, θυανδο σο
µαισ ϖυλνερ〈ϖεισ αοσ αταθυεσ δοσ πρεδαδορεσ ε ιντεµπριεσ χλιµ〈τιχασ. Οσ
δαδοσ χονχορδαµ χοµ ϖ〈ριοσ αυτορεσ θυε αφιρµαµ θυε ο περοδο µαισ χρτιχο
να σοβρεϖιϖνχια δοσ φιληοτεσ εστ〈 εντρε οσ πριµειροσ 10 διασ απ⌠σ α εχλοσο
(Κλεττ & ϑοηνσον, 1982; Νισβετ ετ αλ., 1990, 1998 ε 1999). Εφε ετ αλ. (2000)
δεµονστραµ θυε δοσ 379 φιληοτεσ µαρχαδοσ λογο νο πριµειρο δια δε ϖιδα να
Ιληα Εσχαλϖαδα εµ 1993, νο µνιµο 100 δελεσ ατινγιραµ α ιδαδε δε ϖο (θυιντα
σεµανα), ο θυε ρεσυλτα εµ υµ συχεσσο ρεπροδυτιϖο δε 0,26 φιληοτεσ ρεχρυταδοσ
πορ παρ. ∆αδοσ απρεσενταδοσ εµ Εφε (2001) ρεσυλταµ εµ υµ συχεσσο αινδα
µαιορ αο λονγο δοσ ανοσ (1993 = 0,65 φιληοτεσ/παρ; 1994 = 0,45 φιληοτεσ/παρ;
1995 = 0,90 φιληοτεσ/παρ; 1996 = 0,63 φιληοτεσ/παρ ε 1997 = 0,64 φιληοτεσ/παρ),
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λεϖανδο εµ χοντα ο τοταλ δε ρεχρυτασ εµ ρελαο αο νµερο τοταλ δε οϖοσ ε
χονχορδαµ χοµ ρεσυλταδοσ οβτιδοσ εµ ουτρασ 〈ρεασ απρεσενταδασ εµ
Σηεαλερ (1999), ονδε ασ µεληορεσ προδυτιϖιδαδεσ ϖαριαραµ εντρε 0,44 ε 0,96
φιληοτεσ/παρ. Σεγυνδο Εφε (2001), ο αλτο συχεσσο δε νασχιµεντο νοσ ανοσ δε
εστυδο, χοµ µδια εµ τορνο δε 80%, φοι συπεριορ αο ενχοντραδο πορ Θυιντανα
& Ψοριο (1997) εµ σευσ εστυδοσ χοµ Στερνα σανδϖιχενσισ ευρψγνατηα να
Παταγνια ε φιχου πρ⌠ξιµο αο ενχοντραδο νασ χολνιασ δε Στερνα σανδϖιχενσισ
σανδϖιχενσισ να Ινγλατερρα (Σηεαλερ, 1999).

Εφε (2001) δεµονστρα θυε ο χρεσχιµεντο ανυαλ δο νµερο δε φµεασ
φρτεισ παρα ο περοδο εστυδαδο, σε ρεϖελου ποσιτιϖο, χοµ υµα ταξα δε
χρεσχιµεντο ϖεγετατιϖο δε 1,051 % αο ανο, χονσιδερανδο οσ δαδοσ γλοβαισ
εµ 1997 εµ ρελαο α 1993. Χοµ βασε νεστεσ δαδοσ προϕετα−σε υµα ταξα
ιντρνσεχα δε χρεσχιµεντο ποπυλαχιοναλ, ρ = 0,199. Οσ ρεσυλταδοσ ρεϖελαµ
θυε α ποπυλαο δο Εσπριτο Σαντο ϖεµ σε ρεχυπερανδο. Νο ενταντο, µεσµο
χοµ α τενδνχια απαρεντεµεντε χρεσχεντε δο ταµανηο ποπυλαχιοναλ
δα εσπχιε νο Εσπριτο Σαντο, ο ρεχεντε πασσαδο δε δεσαπαρεχιµεντο δα
εσπχιε εµ ουτρασ 〈ρεασ δα χοστα βρασιλειρα  µοτιϖο δε αλαρµε ε χηαµα α
ατενο παρα α χοντινυιδαδε δο µονιτοραµεντο δασ χολνιασ ρεπροδυτιϖασ
δο Εσπριτο Σαντο.

Τριντα−ρισ−δε−βιχο−ϖερµεληο, Στερνα ηιρυνδιναχεα

Χονφιναδο ◊ Αµριχα δο Συλ ο τριντα−ρισ−δε−βιχο−ϖερµεληο, Στερνα
ηιρυνδιναχεα διστριβυι−σε εντρε ο παραλελο 25≡ Σ (Βρασιλ) να χοστα ατλντιχα ατ
ο παραλελο 15≡ Σ (Περυ) να χοστα παχφιχα, χοµ λιµιτε συλ να Τερρα δο Φογο
(Ηαρρισον, 1983).

Να χοστα βρασιλειρα, Σ. ηιρυνδιναχεα γεραλµεντε νιδιφιχα εµ σιµπατρια
χοµ ο τριντα−ρισ−δε−βιχο−αµαρελο, Στερνα σανδϖιχενσισ ευρψγνατηα. Νο λιτοραλ
δο Εσταδο δο Εσπιριτο Σαντο δυραντε ο αχοµπανηαµεντο δα τεµποραδα
ρεπροδυτιϖα ϖεριφιχου−σε θυε αµβασ ασ εσπχιεσ υτιλιζαµ εστρατγιασ
ρεπροδυτιϖασ διφερεντεσ. Ενθυαντο Σ. σανδϖιχενσισ ευρψγνατηα φορµα δενσασ
χολνιασ, Σ. ηιρυνδιναχεα φαζ σευσ νινηοσ να ρεγιο περιφριχα δεστεσ νινηαισ.
Ο τριντα−ρισ−δε−βιχο−ϖερµεληο, νιδιφιχα ισολαδαµεντε εµ νινηοσ εσπαρσοσ,
σευσ οϖοσ ε φιληοτεσ σο εσχυροσ ε βεµ µιµετιζαδοσ χοµ ο αµβιεντε. Οσ
φιληοτεσ, απ⌠σ α πριµειρα σεµανα δε ϖιδα, αβανδοναµ οσ νινηοσ ε βυσχαµ
αβριγο εµ βαιξο δα ϖεγεταο ϖιζινηα, σεµεληαντε αο χοµπορταµεντο δεσχριτο
πορ Παλµερ (1941), παρα ο τριντα−ρισ−βορεαλ, Σ. ηιρυνδο.

Ο τριντα−ρισ−δε−βιχο−ϖερµεληο, Στερνα ηιρυνδιναχεα  νατυραλµεντε
µαισ αγρεσσιϖα ε, πορταντο  ελα α ρεσπονσ〈ϖελ πελασ ρεα⌡εσ µαισ
χονσιστεντεσ χοντρα οσ πρεδαδορεσ, θυανδο εµ χολνια µιστα χοµ Σ.
σανδϖιχενσισ ευρψγνατηα. ∆υραντε α ρεπροδυο, θυανδο σε σεντεµ
αµεααδοσ, οσ τριντα−ρισ−δε−βιχο−ϖερµεληο λεϖανταµ ϖο ε ϖο εµ διρεο
δοσ ινϖασορεσ, γριτανδο ε µεργυληανδο εµ διρεο αο σευ χορπο, πορ ϖεζεσ
χηεγανδο ◊ ατινγιρ ο ιντρυσο χοµ βιχαδασ.
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Νασ Ιληασ Ιτατιαια, γεραλµεντε ασ χολνιασ δασ δυασ εσπχιεσ οχορρεµ
εµ ιληασ σεπαραδασ. Α µαιορ παρτε δα ποπυλαο δε τριντα−ρισ−δε−βιχο−
ϖερµεληο φαζ σευσ νινηοσ να ιληα ονδε εξιστε α Βασε δε Αποιο δο Προϕετο
Ανδορινηασ δο Μαρ. Σευσ οϖοσ σο χολοχαδοσ διρεταµεντε νο σολο πορ εντρε
οσ χαχτοσ ε/ου εµ µειο ◊σ ροχηασ εξιστεντεσ να ιληα. Χολοχα δε υµ α τρσ
οϖοσ δε φυνδο µαρροµ ε χοβερτο πορ µανχηασ πρετασ. Σευσ φιληοτεσ νιδφυγοσ
αχοµπανηαµ ο µεσµο παδρο δε χορ δο οϖο, αο νασχερ.

Να τεµποραδα ρεπροδυτιϖα δε 1994, α εσπχιε χοµ µαιορ νµερο
δε παρεσ ρεπροδυτιϖοσ νασ Ιληασ Ιτατιαια φοι α Σ. ηιρυνδιναχεα, χοµ 490 νινηοσ.
Να ιληα ονδε εξιστε α Βασε δε Αποιο δο Προϕετο Ανδορινηασ δο Μαρ 58 νινηοσ
φοραµ µαρχαδοσ ε αχοµπανηαδοσ διαριαµεντε, σενδο θυε 56, δεσδε α
ποστυρα δο πριµειρο οϖο. Νοσ 58 νινηοσ φοραµ ποστοσ 93 οϖοσ, δοσ θυαισ 40
χηεγαραµ α εχλοδιρ, ο θυε ρεπρεσεντου υµ συχεσσο δε 43%.

Φοραµ µεδιδοσ 190 οϖοσ, οσ θυαισ απρεσενταραµ χοµο µδιασ,
ασ σεγυιντεσ µεδιδασ: χοµπριµεντο � 45,81 µµ (39,6 − 52,4 µµ), λαργυρα
� 32,77 µµ (29,5 − 35,5 µµ) ε µασσα � 24,1γ (17 � 31γ). ∆εντρε οσ φιληοτεσ
νασχιδοσ να τεµποραδα δε 1994 νασ Ιληασ Ιτατιαια, 95 φοραµ µεδιδοσ νο
πριµειρο δια δε ϖιδα. Ασ µεδιδασ δεστεσ φιληοτεσ απρεσενταραµ οσ σεγυιντεσ
ϖαλορεσ µδιοσ; χλµεν εξποστο − 10,48 µµ (8,9 −12,2 µµ), ταρσο − 15,76
µµ (11,2 − 20,7 µµ), χορδα δα ασα − 17,97 µµ (14,3 − 39,2 µµ) ε µασσα
− 22,1 γ (14 −28 γ). Ο αχοµπανηαµεντο δοσ 40 οϖοσ δεσδε α ποστυρα ατ ο
νασχιµεντο, µοστρου υµ τεµπο µδιο δε 23 (19−26) διασ.

Νασ χολνιασ ρεπροδυτιϖασ δοσ τριντα−ρισ νο Εσπριτο Σαντο, Εφε ετ
αλ. (2000) ϖεριφιχου α πρεδαο πορ παρτε δο Υρυβυ−χοµυµ, Χοραγψπσ ατρατυσ,
θυε γεραλµεντε πουσα νο νινηαλ φυρανδο οσ οϖοσ ε, πορ ϖεζεσ, αταχα οσ
φιληοτεσ µενορεσ. Ο Γαϖιο Χαραχαρ〈, Πολψβορυσ πλανχυσ, φοι ταµβµ
φρεθεντε ε πρεδου φιληοτεσ ε αδυλτοσ. Ουτρο πρεδαδορ ϖεριφιχαδο χοµ µενοσ
φρεθνχια νο αταθυε ◊ αδυλτοσ ε φιληοτεσ φοι α Γαιϖοτα−ραπινειρα, Στερχοραριυσ
παρασιτιχυσ. Νο ενταντο, οβσερϖα⌡εσ δε χαµπο ε αν〈λισε δοσ δαδοσ δε
οϖοσ ινϖι〈ϖεισ ε φιληοτεσ µορτοσ, συγερεµ θυε α µαιορ χαυσα δε µορταλιδαδε
νασ χολνιασ δο Εσπριτο Σαντο, φοραµ απαρεντεµεντε, ασ φρεθεντεσ
τεµπεσταδεσ (Εφε, 2001).

Παρδελα−δε−ασα−λαργα, Πυφφινυσ ληερµινιερι

Νο Βρασιλ, α Παρδελα−δα−τρινδαδε, Πτεροδροµα αρµινϕονιανα, χοµ
χολνια ρεπροδυτιϖα χονηεχιδα να Ιληα δα Τρινδαδε (Σιχκ, 1997), τεµ σιδο
τραδιχιοναλµεντε α νιχα ρεπρεσενταντε δα φαµλια Προχελλαριιδαε χοµ ρεγιστρο
δε ρεπροδυο εµ τερριτ⌠ριο βρασιλειρο. Εµ 1990, Πυφφινυσ ληερµινιερι φοι
ρεγιστραδο πελα πριµειρα ϖεζ εµ χολνια ρεπροδυτιϖα εσταβελεχιδα νο
αρθυιπλαγο δε Φερνανδο δε Νορονηα, µασ οσ αυτορεσ απρεσενταραµ συα
δεσχοβερτα νο Χονγρεσσο Βρασιλειρο δε Ορνιτολογια εµ 1990 χοµο σενδο ο
πριµειρο ρεγιστρο δε Πυφφινυσ ασσιµιλισ, χαβενδο α Εφε & Μυσσο (2001) α
πυβλιχαο δο πριµειρο ρεγιστρο δε Π. ληερµινιερι παρα ο Βρασιλ.
Ποστεριορµεντε α ιδεντιφιχαο δα αϖε ενχοντραδα εµ Φερνανδο δε Νορονηα
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φοι θυεστιοναδα πορ Σοτο & Φιλιππινι (2000). Ρεχεντεµεντε, Σοτο & Φιλιππινι
(2003) χονφιρµαραµ α οχορρνχια ε ρεπροδυο δε Π. ληερµινιερι εµ Φερνανδο
δε Νορονηα ε ρεϖισαραµ οσ ρεγιστροσ δε Π. ληερµινιερι νο Βρασιλ.

Νο Εσπριτο Σαντο α χολνια χονηεχιδα εστ〈 εσταβελεχιδα εµ υµα
δασ ιληασ δο αρθυιπλαγο δασ Ιτατιαια. Οσ αδυλτοσ χοµεαµ α φρεθενταρ α
ιληα α παρτιρ δε ϕυληο, θυανδο χοµεαµ α περνοιταρ εµ σευσ νινηοσ. Οσ
νινηοσ νο απρεσενταµ µατεριαλ δε χονστρυο, ο νιχο οϖο  δεποσιταδο,
εµ αγοστο, διρεταµεντε νο σολο εµ χαϖιδαδεσ νατυραισ ου βυραχοσ χαϖαδοσ
σοβ ροχηασ. Αο τοδο σο χονηεχιδοσ χινχο νινηοσ. Ο φιληοτε  χοβερτο πορ
υµα πενυγεµ χινζα ε περµανεχε σοζινηο νο νινηο, δυραντε ο δια, σενδο
αλιµενταδο απενασ δυραντε α νοιτε, περοδο δε µαιορ ατιϖιδαδε να χολνια,
θυανδο οσ αδυλτοσ χηεγαµ, περαµβυλαµ περτο δοσ νινηοσ ε ϖοχαλιζαµ
βασταντε, χοµπορταµεντοσ ταµβµ ϖεριφιχαδοσ πορ Βροοκε (1990) παρα ο
βοβο−πεθυενο, Πυφφινυσ πυφφινυσ. Οσ φιληοτεσ δειξαµ οσ νινηοσ εµ δεζεµβρο.

Ατραϖσ δα µαρχαο ε ρεχαπτυρα δοσ αδυλτοσ ε φιληοτεσ, ρεαλιζαδα
δεσδε 1993, σαβε−σε θυε α εσπχιε απρεσεντα φιδελιδαδε αο νινηο ε αο
παρχειρο, ρετορνανδο α χαδα ανο παρα ρεπροδυζιρ−σε να µεσµα χαϖιδαδε ε
χοµ ο µεσµο παρχειρο.

Νο περοδο δε αγοστο 1993 α ουτυβρο δε 1996 φοραµ ανιληαδοσ οσ
10 αδυλτοσ, 11 νινηεγοσ ε υµ ινδιϖδυο ϕοϖεµ ενχοντραδο, ποστεριορµεντε,
να Πραια δε Ιταπο, εµ ςιλα ςεληα. Φοραµ µεδιδοσ αο τοδο οιτο αδυλτοσ, οσ
θυαισ απρεσενταραµ ασ σεγυιντεσ µδιασ εµ µιλµετροσ: χλµεν εξποστο:
29,7 (29,0 − 31,4); χορδα δα ασα: 210,6 (203,0 − 218,0); χαυδα: 83,8 (80,0 −
87,0); ταρσο: 41,0 (44,6 − 38,3) ε πεσο (7 ινδιϖδυοσ): 224,1 γ (189,0 − 259,0).
Ασ µδιασ βιοµτριχασ εµ µιλµετροσ δοσ σεισ οϖοσ µεδιδοσ φοραµ 52,6
µµ (48,5 − 54,8) δε χοµπριµεντο, 36,8 µµ (36,2 − 37,4) δε λαργυρα ε 36,3
γ (33,0 − 38,0) δε πεσο.

Αο λονγο δοσ λτιµοσ ανοσ τµ συργιδο διϖερσοσ τραβαληοσ, ονδε
σο δεσχριτασ νοϖασ φορµασ παρα α εσπχιε ε δεσχοβερτοσ νοϖοσ στιοσ
ρεπροδυτιϖοσ. Οσ ρελατοσ δε ρεπροδυο δα εσπχιε παρα Τρινιδαδ ε Τοβαγο,
εραµ χονσιδεραδοσ πορ Μυρπηψ (1936) χοµο οσ ρεγιστροσ µαισ αο συλ δο
χοντινεντε αµεριχανο ε σεγυνδο Βουρνε & Λοϖεριδγε (1978) νο σε ηαϖια
λοχαλιζαδο αινδα χολνιασ δεσσα εσπχιε νο Ατλντιχο Συλ, ατ θυε φοι ρελαταδα
α δεσχοβερτα δε φ⌠σσεισ εµ Σαντα Ηελενα ε Ασχενσο, µασ ισσο παρεχε
νυνχα τερ σιδο βεµ εσταβελεχιδο, πελο µενοσ παρα Ασχενσο (Ολσον, 1977).

∆ε αχορδο χοµ πεσχαδορεσ δα ρεγιο, α εσπχιε  βασταντε
χονηεχιδα ε χοστυµα ινϖεστιρ χοντρα ασ ισχασ υτιλιζαδασ νασ πεσχαριασ. ∆ε
αχορδο χοµ Εφε & Μυσσο (2001), προϖαϖελµεντε, α εσπχιε νιδιφιχα νεσσα
ιληα δεσδε πελο µενοσ 1970, θυανδο φοραµ ενχοντραδοσ αλγυνσ ινδιϖδυοσ
πουσαδοσ σοβρε α ϖεγεταο ραστειρα εξιστεντε να ιληα.

Χοµ εσσε ρεγιστρο παρα ο εσταδο δο Εσπριτο Σαντο, νο Βρασιλ, ποδε−
σε πενσαρ να ποσσιβιλιδαδε δε α εσπχιε εσταρ σε δισπερσανδο ε χολονιζανδο
νοϖασ 〈ρεασ να ρεγιο τροπιχαλ, ου σιµπλεσµεντε, αινδα σερεµ
δεσχονηεχιδοσ ουτροσ λοχαισ δε ρεπροδυο δα εσπχιε. Ισσο ποδε σερ
εξπλιχαδο πελο φατο δεσσασ αϖεσ απρεσενταρεµ η〈βιτοσ πελ〈γιχοσ ε υµ ϖο
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∆ε αχορδο χοµ Εφε ετ αλ. (2000) ασ 〈ρεασ ονδε φοραµ ιδεντιφιχαδασ
ατιϖιδαδεσ ρεπροδυτιϖασ δο τριντα−ρισ−δε−βιχο−αµαρελο λοχαλιζαµ−σε νασ
ρεγι⌡εσ συδεστε ε συλ δο Βρασιλ ε να ρεγιο παταγνιχα Αργεντινα. Απεσαρ δε
Μαγνο (1973) χιταρ α εξιστνχια δε ρεπροδυο δε Στερνα σανδϖιχενσισ
ευρψγνατηα νο νορτε δο Βρασιλ, ατ ηοϕε νο φοραµ ενχοντραδοσ στιοσ
ρεπροδυτιϖοσ δα εσπχιε νεσσα ρεγιο. Ατυαλµεντε, ασ ιληασ δο Ριο δε ϑανειρο,
Σο Παυλο ε Σαντα Χαταρινα νο ϖµ σενδο µαισ υτιλιζαδασ χοµ συχεσσο
παρα α ρεπροδυο δα εσπχιε. Εσσε φατο ποδε εσταρ λιγαδο πρινχιπαλµεντε α
τρσ φατορεσ: αλτεραο ου περδα δε ηαβιτατσ, ιντερφερνχια αντρ⌠πιχα ε φορτε
πρεσσο πορ πρεδαδορεσ νατυραισ.

Ασ ιληασ χοστειρασ δο λιτοραλ συλ δο Εσπριτο Σαντο, αο λονγο δοσ ανοσ
ϖινηαµ σοφρενδο υµα ενορµε δεγραδαο δε σευσ εχοσσιστεµασ πορ
εσταρεµ πρ⌠ξιµασ αο χοντινεντε υρβανιζαδο ε ρεχεβερεµ ϖισιτασ περι⌠διχασ
δε πεσχαδορεσ ε τυριστασ θυε ατεαϖαµ φογο ◊ ϖεγεταο ινσυλαρ. Εσσεσ
ινχνδιοσ χονσταντεσ ϖινηαµ αγραϖανδο α ρεχοµποσιο νατυραλ δα ϖεγεταο

µυιτο ρ〈πιδο, ο θυε τορνα διφχιλ α ϖισυαλιζαο ε ιδεντιφιχαο δα εσπχιε
εµ αλτο µαρ. Αλµ δισσο, ασ αϖεσ δεσσα εσπχιε χοστυµαµ χηεγαρ να
χολνια ρεπροδυτιϖα δασ Ιληασ Ιτατιαια, µυιτο τεµπο απ⌠σ ο ανοιτεχερ ε σαρεµ
αντεσ δο δια χλαρεαρ ε, ο αδυλτο θυε φιχα νο νινηο δυραντε ο δια, χυιδανδο δο
οϖο ου δο φιληοτε, περµανεχε νο νινηο εµ σιλνχιο, σεµ δαρ σιναλ δε συα
πρεσενα.

Ο φατο δε τερεµ σιδο ενχοντραδοσ νασ πραιασ, ποστεριορµεντε, ουτροσ
ινδιϖδυοσ ϕοϖενσ σεµ εσταρεµ ανιληαδοσ, συγερε θυε εξισταµ ουτροσ νινηοσ
αινδα νο ενχοντραδοσ να ρεγιο ε εστιµυλα α χοντινυιδαδε δοσ εστυδοσ χοµ
α εσπχιε, θυε ρεχεντεµεντε φοι ινχλυδα να λιστα βρασιλειρα δε ανιµαισ
αµεααδοσ δε εξτινο (ΜΜΑ 2003).

 ςαλε ρεγιστραρ, ταµβµ α ρεπροδυο ε οχορρνχια δε ουτρασ εσπχιεσ
νασ ιληασ δο λιτοραλ δο Εσπριτο Σαντο, χοµο ο πιρυ−πιρυ, Ηαεµατοπυσ παλλιατυσ,
θυε φρεθεντεµεντε ρεπροδυζ−σε νασ Ιληασ Ιτατιαια, ονδε ϕ〈 φοραµ οβσερϖαδοσ
νινηοσ, νο µσ δε δεζεµβρο, χονστρυδοσ χοµ λασχασ ε πεθυενοσ
φραγµεντοσ δε ροχηασ, χοντενδο υµ ου δοισ οϖοσ. Να µεσµα ιληα  χοµυµ
α οβσερϖαο δε βανδοσ δε ϖιρα−πεδρασ, Αρεναρια ιντερπρεσ, αλιµεντανδο−σε,
νοσ µεσεσ δε πριµαϖερα ε ϖερο. Α ιληα Εσχαλϖαδα, ταµβµ  υτιλιζαδα παρα
ο δεσχανσο δε ινδιϖδυοσ ϕοϖενσ δε ατοβ〈σ νασχιδοσ να χολνια ρεπροδυτιϖα
εξιστεντε νο Παρθυε Ναχιοναλ Μαρινηο δοσ Αβροληοσ, Βαηια. Εµ ϖ〈ριασ
οπορτυνιδαδεσ φοραµ οβσερϖαδοσ ε ρεχαπτυραδοσ ϕοϖενσ δε ατοβ〈−µαρροµ,
Συλα λευχογαστερ ε δε ατοβ〈−µασχαραδο, Συλα δαχτψλατρα. Ουτρο ρεγιστρο
ιµπορταντε  α εξπρεσσιϖα χολνια δε γαρασ−βρανχασ (Χασµεροδιυσ αλβυσ,
Εγρεττα τηυλα ε Βυβυλχυσ ιβισ) ε δο σοχ⌠−δορµινηοχο, Νψχτιχοραξ νψχτιχοραξ
εξιστεντε να Ιληα δασ Γαρασ, εµ ςιλα ςεληα.



115

Αϖεσ Μαρινηασ ε ινσυλαρεσ βρασιλειρασ: βιοεχολογια ε χονσερϖαο

τρανσφορµανδο εσσασ ιληασ εµ αµβιεντεσ ιν⌠σπιτοσ ταντο παρα ο ηοµεµ χοµο
παρα α φαυνα εξιστεντε νασ ιληασ, πρινχιπαλµεντε α χολνια ρεπροδυτιϖα δοσ
τριντα−ρισ, θυε ϖινηα σενδο αφεταδα πελα χονσταντε ρετιραδα δε οϖοσ φειτα πελοσ
πεσχαδορεσ λοχαισ.

Απ⌠σ α χριαο δο Προϕετο Ανδορινηασ δο Μαρ εµ 1988, α σιτυαο
νασ χολνιασ ρεπροδυτιϖασ δε τριντα−ρισ νο λιτοραλ δο Εσπριτο Σαντο φοι ρεϖερτιδα.
Ατραϖσ δε ατιϖιδαδεσ δε χοντρολε δε δεσεµβαρθυε ε εδυχαο αµβιενταλ,
ασ χολετασ δε οϖοσ πορ παρτε δοσ πεσχαδορεσ φοραµ ιντερροµπιδασ. Εµ 1989,
ο γοϖερνο δο Εσταδο δο Εσπριτο Σαντο, ατραϖσ δα Σεχρεταρια Εσταδυαλ παρα
Ασσυντοσ δο Μειο Αµβιεντε, εµ ρεχονηεχιµεντο ◊ ιµπορτνχια δοσ στιοσ
ρεπροδυτιϖοσ ε αο τραβαληο δε µονιτοραµεντο ε χονσερϖαο δεσενϖολϖιδο,
εσταβελεχευ υµα Πορταρια Νορµατιϖα (02/89−ΣΕΑΜΑ) θυε προβε ο
δεσεµβαρθυε δε πεσχαδορεσ ε ϖισιταντεσ νασ Ιληασ δο Παχοτε, Ιτατιαια,
Εσχαλϖαδα ε Βρανχα, εντρε οσ µεσεσ δε µαιο ε σετεµβρο, πορ οχασιο δα
ποχα ρεπροδυτιϖα δοσ τριντα−ρισ. Α φισχαλιζαο δο δεσεµβαρθυε πασσου α
σερ ιντενσιφιχαδα α παρτιρ δα ινσταλαο ε µανυτενο δε βασεσ δε αποιο
νασ ιληασ.

Ο τραβαληο δε διϖυλγαο ε εδυχαο αµβιενταλ ϖεµ σενδο ρεαλιζαδο
πελα εθυιπε δα Ασσοχιαο ςιλα−ςεληενσε δε Προτεο Αµβιενταλ � ΑςΙ∆ΕΠΑ,
ατραϖσ δα προδυο δε µατεριαλ εδυχατιϖο (φολδερεσ, χαρταζεσ ε χαρτιληα),
απρεσενταο δε παλεστρασ εµ εσχολασ δα ρεγιο λιτορνεα, παρτιχιπαο εµ
φειρασ ε εϖεντοσ ε ρεχεπο δοσ ϖισιταντεσ νασ βασεσ δε αποιο δασ ιληασ.
∆υραντε τοδασ εσσασ οπορτυνιδαδεσ, α µενσαγεµ χονσερϖαχιονιστα ε ασ
ατιϖιδαδεσ δο προϕετο σο απρεσενταδασ αοσ ουϖιντεσ. Εστε τραβαληο τεµ
χοντριβυδο να παρτιχιπαο χαδα ϖεζ µαιορ δα ποπυλαο λιτορνεα νασ α⌡εσ
δε χονσερϖαο δασ ιληασ, αυξιλιανδο να φισχαλιζαο ε να οβτενο δε
ινφορµα⌡εσ σοβρε α ρεπροδυο δασ αϖεσ, φατο εστε χιταδο χοµο υµ βοµ
εξεµπλο πορ Αντασ (1990).

Ασ ατιϖιδαδεσ δε ρεχυπεραο δοσ αµβιεντεσ ινσυλαρεσ, ταµβµ
ρεαλιζαδο πελα εθυιπε δα ΑςΙ∆ΕΠΑ, τιϖεραµ ινχιο χοµ α ρετιραδα δε ανιµαισ
εξ⌠τιχοσ (Πορθυινηο−δα−νδια, Χαϖια πορχελλυσ ε Χοεληο, Ορψχτολαγυσ
χυνιχυλυσ) ιντροδυζιδοσ νασ ιληασ πορ πεσχαδορεσ λοχαισ, παρα ενγορδα ε
ποστεριορ χαπτυρα. Εµ σεγυιδα, προχεδευ−σε α ρετιραδα δο χαπιµ−χολονιο
(Πανιχυµ σπ.) εσπχιε ινϖασορα θυε αµεααϖα σε προλιφεραρ ε τοµαρ χοντα
δε τοδα α 〈ρεα δασ ιληασ. Παραλελαµεντε, φοραµ πλανταδασ εσπχιεσ νατιϖασ
ραστειρασ ε αρβυστιϖασ (π. εξ.: Χαναϖαλια ροσεα) α φιµ δε µαντερ α θυαλιδαδε
αµβιενταλ δασ ιληασ ε προπορχιοναρ ο αυµεντο δε 〈ρεα τιλ παρα α ρεπροδυο
δασ αϖεσ.

Ινιχιατιϖασ µαισ ρεχεντεσ εστο ινϖεστινδο να τρανσφορµαο δασ ιληασ
δε ςιλα ςεληα ε σευ εντορνο εµ υµα Υνιδαδε δε Χονσερϖαο Μυνιχιπαλ, να
βυσχα δε γαραντιασ παρα α χονσερϖαο δοσ στιοσ ρεπροδυτιϖοσ ατραϖσ δε
ινστρυµεντοσ λεγαισ δε προτεο.

Νο θυε διζ ρεσπειτο ◊ χονσερϖαο δε αϖεσ µαρινηασ νο Εσπριτο Σαντο,
ϖαλε χιταρ, ταµβµ α πρεοχυπαο χοµ ο γρυπο φορµαδο πελα Ιληα δε Τρινδαδε
ε Μαρτιµ ςαζ, σιτυαδο ◊ απροξιµαδαµεντε 1.200 κµ εµ λινηα ρετα δα χοστα
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Abstract.—

 

In South America, Royal Terns (

 

Thalasseus maximus maximus

 

) and Cayenne Terns (

 

Thalasseus sandvi-

censis eurygnathus) 

 

breed mostly in Argentina and Brazil. Royal Terns have been recorded in at least 22 locations (six
in Brazil and 14 in Argentina). Cayenne Terns have been recorded in at least 38 locations (15 in Brazil and 23 in
Argentina). At 15 locations, mostly located in Argentina, Royal and Cayenne terns breed in association, often with
their nests intermingled. Total population size for Royal Terns was estimated in at least 750 pairs in Brazil and less
than 5000 in Argentina, while that of Cayenne Tern was estimated in at least 8000 pairs in Brazil and less than 10000
in Argentina. However, lack of counts at some coastal sectors and changes among breeding sites between seasons
preclude an accurate estimation of total population size for both species and make spatial management challeng-
ing. Main threats faced by their populations in both countries are human disturbance, fisheries, egging, and ex-
panding Kelp Gull (

 

Larus dominicanus

 

) populations. Priority research and conservation actions are presented.
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Royal Terns (

 

Thalasseus maximus maxi-
mus

 

) and Cayenne Terns (

 

Thalasseus sandvi-
censis eurygnathus

 

) are two widely distributed
tern species in the Americas, breeding from
southern United States to Argentina (Sheal-
er 1999; Buckley and Buckley 2002). The
Cayenne Tern 

 

T. s. eurygnathus

 

 was formerly
considered to be a full species (

 

Sterna euryg-
natha

 

). However, more recent authors (Sib-
ley and Monroe 1990; Shealer 1999; Efe 

 

et al

 

.
2004, 2005) have considered it as a subspe-
cies, which appears to form a cline and prob-
ably hybridize with 

 

T. s. acuflavidus

 

 in over-
lapping areas of their ranges. Royal Terns
breeding in the Western Hemisphere are
currently considered 

 

Thalasseus maximus
maximus

 

, although some authors argue that
austral populations may be subspecifically or
even specifically distinct from those in North
America (Buckley and Buckley 2002). In this
paper, we treat the Cayenne Tern (

 

T. s. euryg-
nathus

 

) as a subspecies of the Sandwich Tern
(

 

T. sandvicensis

 

) (Shealer 1999; Bridge 

 

et al

 

.
2005, Comitê Brasileiro de Registros Orni-
tológicos 2005) and Royal Tern as 

 

T. maximus

 

(Bridge 

 

et al

 

. 2005) until clarification of the
taxonomic status of these species.

In the Atlantic coasts of South America,
Royal and Cayenne terns breed mostly in Bra-
zil and Argentina (Gochfeld and Burger
1996). Both countries have large coastlines
(adding to more than 12,700 km) which pro-
vide adequate breeding habitats for terns but
which are also subject to growing human ac-
tivities. Conservation strategies and coordi-
nated management actions at the regional
scale require knowledge of tern breeding dis-
tribution, the relationships among popula-
tions, and of factors affecting them. In this pa-
per we review information on the distribution
and abundance of breeding Royal and Cay-
enne terns in Brazil and Argentina and dis-
cuss common problems and threats faced by
their populations in both countries. Finally,
we present some recommendations on prior-
ity actions in relation to research and conser-
vation of both species in Argentina and Brazil.

B

 

REEDING

 

 D

 

ISTRIBUTION

 

A review of historical records of nesting
distribution, obtained from published and
unpublished sources (see references in Ta-
bles 1 and 2), indicates that in the last 30
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years Royal Terns have bred in a total of 20
sites, six in Brazil and 14 in Argentina (Ta-
bles 1 and 2), while Cayenne Terns have bred
in at least 38 breeding sites, 15 in Brazil and
23 in Argentina (Tables 1 and 2). Breeding
of 

 

T. sandvicensis 

 

in northern Brazil, as re-
ported by Magno (1971), still needs confir-
mation. However, both tern species may shift
breeding locations among years (Antas 1991;
Yorio 

 

et al

 

. 1999; Efe 

 

et al

 

. 2000; Branco 2004)
and, thus, more than one site listed may have
been used by the same population in differ-
ent years. Based only on the records ob-
tained in the last decade (Branco 2004; Yorio

 

et al

 

. 1998a,b; P. Yorio and M. A. Efe, unpubl.
data) and on information of shifts in colony
location among nearby nesting sites (P. Yorio
and M. A. Efe, unpubl. data), the number of
breeding sites is estimated at 11 for Royal
Terns (five in Brazil and six in Argentina)
and 24 for Cayenne Terns (11 in Brazil and
13 in Argentina). Considering these colo-
nies, the estimated total population size is
approximately 5,000 pairs for Royal Terns
(at least 750 in Brazil and less than 5,000 in

Argentina) and approximately 18,000 pairs
of Cayenne Terns (at least 8,000 in Brazil and
less than 10,000 in Argentina). Lack of
counts at some coastal sectors and changes
among breeding sites preclude an accurate
estimation of total population size.

Despite the extensive coastline in both
countries, breeding of both species is concen-
trated in only a small number of sites. In Brazil,
for example, all Royal Terns nest at six islands
along the coasts of São Paulo (Table 1; Fig. 1)
and more than 80% of Cayenne Terns nest in
a given year at two or three islands along the
coast of Espírito Santo (Escalvada, Itatiaia, and
Branca islands). Other known colonies along
the coasts of Rio de Janeiro (Sick 1997; Alves 

 

et
al

 

. 2004), São Paulo (Olmos 

 

et al

 

. 1995; Cam-
pos 

 

et al

 

. 2004), Paraná (Krull 2004) and Santa
Catarina (Branco 2004) rarely exceed the few
hundred breeding pairs. Similarly, in Argenti-
na over 75% of Cayenne Terns and 85% of
Royal Terns nest in a given year in a few of ten
potential breeding sites located at Punta León
and a small coastal sector in the north of Golfo
San Jorge, Chubut (Table 2; Fig. 2).

 

Table 1. Location and size (in breeding pairs) of Royal and Cayenne tern colonies in coastal Brazil. Values presented
correspond to the last available census. All locations where terns have bred in the past are listed.

 

State Site Location

Cayenne Tern Royal Tern

Size
(n° nests) Year Source

Size
(n° nests) Year Source

1 EspÌrito Santo Pacotes Is. 20°21’S,40°16’W NC 1994 1
2 Escalvada Is. 20°42’S,40°24’W 6500 1996 1
3 Itatiaia Is. 20°21’S,40°17’W 1500 1996 1
4 Branca Is. 21°00’S,40°47’W 5.000 1990 1
5 RÌo de Janeiro Papagaios Is. 22°24’S,41°48’W NC 1981 2
6 Baía de Guanabara Is. 22°47’S,43°08’W NC 3
7 Rio-Niteroi Bridge 22°52’S,43°10’W 66 2001 3
8 São Paulo Prainha Is. 23°51’S,45°25’W 75 U 4 1 1998 4
9 Apara Is. 23°50’S,45°33’W 25 U 4

10 Amigos Is. 24°04’S,45°39’W 60 U 4
11 Laje das Trinta-réis Is. 24°05’S,45°41’W 2 1998 4
12 Laje Santos Is. 24°19’S,46°11’W 142 U 4 187 1993 5
13 Gaivotas Is. 24°22’S,46°48’W 7 U 4
14 Lage da Conceição Is. 24°14’S,46°41’W 120 U 4
15 Castilho Is. 25°16’S,47°57’W 40 6
16 Paraná Itacolomis Is. 25°50’S,48°24’W 100 1995 7
17 Santa Catarina Deserta Is. 27°16’S,48°20’W 65 1999 8
18 Moleques do sul Is. 27°51’S,48°26’W 200 2000 8
19 Cardos Is. 27°48’S,48°34’W 76 2002 8

 

Notes

 

: NC: present not censused; 1 Efe 

 

et al

 

. 2000; 2 Antas 1991; 3 Alves 

 

et al

 

. 2004; 4 Campos 

 

et al

 

. 2004; 5 T.
Neves, unpubl. abstract.; 6 Olmos 

 

et al

 

. 1995; 7 Krull 2004; 8 Branco 2003.
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An interesting aspect of their breeding
distribution is that, in general, both species
nest in association, often with their nestes in-
termingled (Yorio 

 

et al

 

. 1999; M. A. Efe, un-
publ. data). In fact, except for one site in Ar-
gentina (Complejo Islote Lobos, Río Negro)
where Royal Terns breed in a monospecific
colony, they have always been recorded nest-
ing in mixed-species colonies with Cayenne
Terns (Yorio 2005). In Brazil, Royal Terns
breed with Cayenne Terns in two of the six
recorded locations in the São Paulo State
(Campos 

 

et al

 

. 2004). When not in associa-
tion with Royal Terns, Cayenne Terns often
breed with the South American Tern (

 

Sterna
hirundinacea

 

), which in Brazil nest in the pe-
riphery of the Cayenne Tern dense nest ag-
gregations (Efe 

 

et al

 

. 2000). In such cases in

Argentina, Cayenne Terns nest in small
groups within larger South American Tern
colonies (Yorio 

 

et al

 

. 1998a,b; P. Yorio, un-
publ. data). Cayenne Terns have not been re-
corded nesting alone in Argentina, but they
do so in locations along the Brazilian coast.
Mixed-nesting of Royal and Cayenne terns
has also been observed at their only breed-
ing site in Uruguay (J. Lenzi 

 

et al

 

., unpubl.
data).

Ideally, the identification of conservation
priorities requires knowledge of the degree
of genetic relationship between populations
at a wide regional scale. Studies of morpho-
logical and genetic divergence among or
within species provide crucial information
about the existence of conservation units or
patterns within species such as clines, recent

 

Table 2. Location and size (in breeding pairs) of Royal and Cayenne tern colonies in coastal Argentina. Values pre-
sented correspond to the last available census. All locations where terns have bred in the past are listed.

 

State Site Location

Cayenne Tern Royal Tern

Size 
(n° nests) Year Source

Size 
(n° nests) Year Source

1 Buenos Aires Banco Culebra 40°22’S,61°59’W 695 1990 1 11 1990 1
2 Banco Nordeste 40°32’S,62°09’W 6 2000 2 7 2000 1
3 Río Negro Islote Redondo 41°26’S,65°61’W — 24 2002 3
4 Chubut Islote Notable 42°25’S,64°31’W 97 1970 4 NC 1973 5
5 Playa La Armonía I 42°10’S,64°03’W 55 1996 6 —
6 Ensenada Medina 42°04’S,63°47’W 3 1979 7 —
7 Punta Cero 42°30’S,63°36’W PNC 1970 8 —
8 Punta Loma 42°49’S,64°53’W 73 2005 9 —
9 Playa El Pedral 42°57’S,64°23’W PNC 1998 10 —

10 Punta León 43°04’S,64°29’W 950 2004 11 450 2004 11
11 Punta Tombo 44°02’S,65°11’W PNC 1995 12 NC 1967 13
12 Punta Gutiérrez 44°24’S,65°16’W 300 1995 6 —
13 Isla Aguilón del Norte 45°00’S,65°34’W (i) 1990 14 (i) 1990 14
14 Isla Valdés 45°03’S,65°43’W PNC 2005 15 NC 2005 15
15 Islote Luisoni 45°02’S,65°51’W (ii) 1995 14 (ii) 1995 14
16 Isla Chata 45°03’S,65°58’W (iii) 1990 14 (iii) 1990 14
17 Isla Gran Robredo 45°08’S,66°03’W PNC 1998 15 NC 1998 15
18 Isla Ezquerra 45°04’S,66°20’W (iv) 2003 15 (iv) 2003 15
19 Islas Galiano 45°05’S,66˚24’W PNC 1988 16 NC 1988 16
20 Isla Isabel Norte 45°07’S,66°30’W 5 1993 14 4 1993 14
21 Isla Viana Mayor 45°11’S,66°24’W PNC 1994 14 —
22 Santa Cruz Punta Pájaros 46°57’S,66°51’W 500 1991 17 —
23 Monte Loayza 47°05’S,66°09’W 80 1996 18 —
24 Punta Guanaco 47°48’S,65°52’W 30 1994 18 —

 

Notes

 

: NC: presen not censused; (i) A total of 633 nests of both species in a mixed-species colony (ii) idem 6500
nests; (iii) idem 3900 nests; (iv) 7135 nests; 1 Yorio and Harris (1997); 2 D. Rábano and P. Yorio, unpubl. data; 3
Bertellotti and Yorio, unpubl. data; 4 Daciuk (1972); 5 De la Peña (1987); 6 Yorio 

 

et al

 

. (1998a); 7 G. Harris, unpubl.
data; 8 Daciuk (1973); 9 A. Gatto and P. Yorio, unpubl. data; 10 P. Yorio, unpubl. data; 11 P. Yorio, F. Quintana and
A. Gatto, unpubl. data; 12 D. Boersma, pers. comm.; 13 Korschenewski (1969); 14 Yorio 

 

et al

 

. (1998b); 15 P. Yorio
and F. Quintana, unpubl. data; 16 G. Punta, pers. comm.; 17 Perez 

 

et al

 

. (1995); 18 Gandini and Frere (1998).
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range extensions, or hybrid contacts (Bar-
rowclough 1992). Ongoing genetic analysis
among populations on Cayenne/Sandwich
Terns in the Americas and Europe is trying
to elucidate the relationship of the 

 

sandvice-
nsis /acuflavida /eurygnathus

 

 complex (M. A.
Efe, unpubl. data.). Similar studies on Royal
Tern populations are still lacking.

C

 

ONSERVATION

 

 S

 

TATUS

 

 

 

AND

 

 M

 

AIN

 

 T

 

HREATS

 

Royal Terns are listed as Vulnerable at the
national level in Brazil (Ministério do Meio
Ambiente 2003) and threatened in the State
of São Paulo (State Decree N° 42838/98). An-
tas (1991) identified the Cayenne Tern as the
most vulnerable coastal species in Brazil, due
to extensive egg collection by fishermen.
Since then, this species has been the focus of
several studies and conservation initiatives.
For example, the Andorinhas do Mar Project
begun in 1988 to promote the conservation of
Cayenne and South American tern popula-
tions and their breeding habitats along the Es-
pírito Santo coast. Since then, facilities built
in the Itatiaia and Escalvada islands provide
support for different activities, such as re-
search, monitoring, vegetation management,
visitation control and environmental educa-

tion. The eradication of exotic species, such
as 

 

Cavia porcellus 

 

and 

 

Oryctolagus cuniculus

 

, the
control of the invasive grass 

 

Panicum

 

 sp., and
the reintroduction of native plants (e.g.,

 

Canavalia rosea

 

) have resulted in an increase
in the availability and quality of nesting area
for the terns. Environmental awareness and
education activities implemented throughout
the last 17 years have promoted the support
of the local community to conservation ac-
tions and their participation in project activi-
ties such as monitoring and information gath-
ering. Despite of the positive population
trend in the study area (estimated at 1.05%
increase per year; Efe 

 

et al.

 

 2005), the recent
loss of habitat and population reduction in
other Brazilian areas (e.g., some islands in Rio
de Janeiro) represent a conservation concern
and point out to the importance of protecting
and monitoring the Espírito Santo colonies.

Figure 1. Location of Royal and Cayenne tern colonies
along the coasts of Brazil. Black circles: Royal Tern col-
onies; Open circles: Cayenne Tern colonies; Black and
open circles: mixed-species colonies. Numbers corre-
spond to sites in Table 1.

Figure 2. Location of Royal and Cayenne tern colonies
along the coasts of Argentina. Black circles: Royal Tern
colonies; Open circles: Cayenne Tern colonies; Black
and open circles: mixed-species colonies. Numbers cor-
respond to sites in Table 2.
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Currently, less than half of breeding sites
are included in protected areas in both Bra-
zil and Argentina, although protection is af-
forded mostly to the land where tern nest
and not the adjacent waters. Only one site in
both Argentina and Brazil also protect part
of the tern’s potential foraging areas. Even
though current protected areas may provide
relatively good protection for terns while
they are on land, particularly through the
control of human visitation to colonies or
the prevention of habitat modification, they
are clearly not adequate for the long-term
conservation of their populations. In addi-
tion, the nomadic behaviour of terns high-
lights the need for addressing metapopula-
tion dynamics and the use of networks of
protected areas for regional conservation
(Yorio 2000). Adequate protection for terns
will also require the inclusion in the reserve
network of locations occasionally used for
nesting and which do not hold breeding
populations during some years (Yorio

 

 et al

 

.
1999). This is challenging, as government
authorities may be reluctant to protect sites
which lack birds, particularly for several
years. In addition, little is known about their
status and ecology outside the breeding sea-
son (Favero 

 

et al

 

. 2001, Silva 

 

et al

 

. 2005), so
future efforts should focus on identifying the
wintering grounds of both tern species and
developing complementary conservation ac-
tions.

Some of the conservation problems of
Royal and Cayenne terns in the Atlantic
coasts of South America are still the same
than those outlined by Daciuk (1973), Escal-
ante (1984, 1985), and Antas (1991). The
main threats faced by these two species in
both countries are human disturbance, fish-
eries, egging and expanding Kelp Gull
(

 

Larus dominicanus

 

) populations.

Human Disturbance

The Brazilian coast has suffered severe
environmental degradation in recent de-
cades. Coastal islands are particularly vulner-
able to degradation, since they are used by
both fishermen and tourists visiting from the
mainland. High rates of visitation to beaches

and coastal islands in Brazil have very likely af-
fected tern breeding distribution. In contrast,
coastal development in Patagonia, Argentina,
has been concentrated at only a few small
coastal sectors, although fishing and tourism
activities may result in visitation to even re-
mote uninhabited areas. Currently, over 60%
of tern colonies in Brazil and 35% of colonies
in Argentina are subject to human visitation as
a result of recreation, tourism, and fishing ac-
tivities. This has often resulted in negative ef-
fects on breeding success through both egg
abandonment and whole colony desertion.
Human disturbance at the Rio de Janeiro is-
lands, for example, have often resulted in
the loss of tern nest contents (Alves 

 

et al

 

.
2004). In that same State, Cayenne Terns use
the pillars of the Rio-Niterói Bridge for
breeding (Alves 

 

et al

 

. 2004), a site which is
highly susceptible to disturbance. Along the
São Paulo coast, Cayenne Terns at nesting
colonies and roosting sites are threatened by
intense use of beaches (Campos 

 

et al

 

. 2004).
Cayenne Tern colonies are also often dis-
turbed by both fishermen and tourists along
the Paraná coast (Krull 2004). Branco
(2004) has reported that Santa Catarina fish-
ermen occasionally disturb colonies result-
ing in temporary egg abandonment and in-
duced preation by Kelp Gulls and Black Vul-
tures (

 

Coragyps atratus

 

). Terns breeding in
Argentina are relatively more sensitive to hu-
man disturbance than other seabirds (Yorio

 

et al

 

. 2001), and it has been shown that dis-
turbance may result in nest desertion and in
induced egg predation by Kelp Gulls due to
tern temporary nest abandonment (Yorio
and Quintana 1996).

Commercial Fisheries

Terns are considered among seabirds to
be one of the most vulnerable groups to
commercial fisheries (Furness and Ainley
1984). Interactions among Royal and Cay-
enne terns in both Brazil and Argentina have
been poorly studied. However, available in-
formation shows that terns interact in differ-
ent ways with fishing activities and suggests
the existence of some potential conflicts. For
example, the diet of Cayenne Terns in Brazil
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includes fish species of commercial interest,
such as herrings, anchovies and sardines
(mainly juveniles) (M. A. Efe, unpubl. data).
In Argentina, Royal and Cayenne terns de-
pend on coastal pelagic fish, mainly Anchovy
(

 

Engraulis anchoita

 

) and Silversides (

 

Odontes-
thes

 

 spp.) (Quintana and Yorio 1997; A. Gatto
and P. Yorio, unpubl. data). These species are
targets of commercial and artisanal fisheries,
which often operate close to the coast. Ancho-
vy is not an important commercial fish in most
of the Royal and Cayenne tern breeding
range, although it supports a growing fishery
in northern Argentina with landings in recent
years of over 30,000 tons. In 2003, the Federal
Fisheries Council of Argentina approved the
development of an experimental program to
evaluate the viability of opening a small scale
trawler fishery on the Anchovy southern
stock (south of 41°S) in waters of Chubut.
This raises concerns on its effects on tern
populations. Negative effects of pelagic clu-
peid fisheries on seabird populations have
been recorded elsewhere (Crawford 2004;
Jahncke 

 

et al

 

. 2004; Skewgar 

 

et al

 

. 2006).
In Brazil, Royal and Cayenne terns use fish

regularly discarded in commercial fisheries as
a food source (Branco 2001; Krull 2004; M.A.
Efe, unpubl. data). Fish species discarded at
fishing vessels operating in Espirito Santo and
taken by Cayenne Terns include Dogtooth
Herring (Chirocentrodon bleekerianus), Sar-
dine (Pellona sp.), Weak Fish (Cynoscion sp.),
Rake Stardrum (Stellifer rastrifer), Banded
Croaker (Paralonchurus brasiliensis) and
Barred Grunt (Conodon nobilis) (M. A. Efe,
unpubl. data). The effect of this interaction
is probably beneficial to tern populations, al-
though further studies are needed to con-
firm this hipothesis. In contrast, these spe-
cies rarely take advantage of food provided
by fisheries in Argentina. Cayenne Terns
have been occasionally observed associated
in low numbers to the coastal trawl fishery
operating in Bahía Engaño (Yorio and Caille
1999) and the high seas hake trawl fishery in
Golfo San Jorge, Chubut (González Zevallos
and Yorio 2006). Royal Terns have been re-
corded using discards at coastal trawl fisher-
ies in Golfo San Jorge and in Bahía Grande,
Santa Cruz (Yorio and Caille 1999). Both

species take advantage of discards thrown
overboard, pick small items during towing
and obtain food directly from the net during
haulback (Yorio and Caille 1999; González
Zevallos and Yorio 2006). Much needs to be
learned about tern- fishery interactions in
both Brazil and Argentina.

Egging

In the past, egg collection together with
human disturbance at breeding sites were
the main factors limiting reproductive suc-
cess of CayenneTerns in Brazil (Antas 1991).
For example, the Espírito Santo colonies
were depopulated by constant egg collection
by local fishermen. The Andorinhas do Mar
Project (see above) curtailed egg collection
in these islands, mainly through inspections
and education (Efe et al. 2000). Several nest-
ing sites on islands along the Rio de Janeiro
coast were also abandoned due to distur-
bance by fishermen entering colonies to col-
lect eggs (Antas 1991). Egging at Royal and
Cayenne tern colonies in Argentina has
been rarely observed (Yorio 2005).

Expanding Kelp Gull Populations

Kelp Gulls can be important predators of
eggs and chicks of other marine and coastal
birds (Malacalza 1987; Yorio and Boersma
1994; Punta et al. 1995; Yorio and Quintana
1997; Quintana and Yorio 1998a; Branco
2004; M. A. Efe, unpubl. data). In addition,
as it was previously mentioned, they take ad-
vantage of tern eggs exposed due to human
disturbance (Yorio and Quintana 1996; Yo-
rio et al. 2001). The Kelp Gull breeds in asso-
ciation to terns in most of recorded locations
and, at least in Argentina, it is one of the
most abundant seabird in mixed-species col-
onies (Yorio et al. 1998c). In the last decades,
their populations have greatly increased at
several coastal sectors of Argentina, probably
as a result of the high availability of fishery
discards and poor urban waste management
(Yorio et al. 1998c). For example, 42 of the 51
Patagonian colonies for which data is avail-
able show an increase in the number of breed-
ing pairs, with an annual rate of increase of
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between one and 64% (Yorio et al. 2005).
Moreover, at least eight new colonies have
been reported in the last decade. This raises
concern for the potential negative effects on
other coastal species, such as terns, through
predation, competition for breeding space,
and kleptoparasitism. Unfortunately, informa-
tion on the population trends of Kelp Gulls in
Brazil is still lacking.

On Deserta Island, Santa Catarina, the
main threat to Cayenne Terns is predation by
Kelp Gulls, which are abundant and breed si-
multaneously with the terns. At this island,
Kelp Gull predation on eggs and nestlings is
frequent between the months of June and Ju-
ly, and on occasions has induced birds to
abandon the colony site (Branco 2004).
Terns breeding along the coast of Rio de Ja-
neiro also suffer predation by Kelp Gulls. In
Brazil, Kelp Gulls breed from the coast of
Santa Catarina north to the coast of Rio de
Janeiro, rarely reaching the Espírito Santo
coast (Sick 1997). In fact, the absence of
Kelp Gulls, in addition to conservation ac-
tions and very likely higher food availability,
is considered to be responsible for the rela-
tive high breeding success of colonies on the
Espírito Santo coast (Efe et al. 2000, 2005).

Similarly, Kelp Gulls are the main preda-
tor of Royal and Cayenne tern eggs at Punta
Leon, Argentina, and can have a significant
negative impact on their breeding success
(Quintana and Yorio 1997; Yorio and Quin-
tana 1997). Although earlier studies showed
that predation was concentrated only on tern
eggs, predation on both Royal and Cayenne
tern chicks has been also recently recorded
(G. García, A. Gatto, and P. Yorio, unpubl. da-
ta).

In addition, the flexibility in Kelp Gull
habitat requirements (García Borboroglu
and Yorio 2004) and its earlier timing of
breeding at many sites throughout its range
point to the potential competition for breed-
ing space with terns (Yorio et al. 1998c). Al-
though no evidence to date indicates the dis-
placement of terns from their breeding sites
by Kelp Gulls, studies show that they can af-
fect settlement patters of Royal and Cayenne
terns (Quintana and Yorio 1998b). Although
the settlement in large dense groups allows

them to obtain breeding space in the pres-
ence of gulls, little is known on the effects of
higher gull nesting densities. Kelp Gulls also
steal prey brought to their chick by parents
from both tern species (Quintana and Yorio
1999).

The Kelp Gull is also an important pred-
ator of Royal and Cayenne terns nesting in
Uruguay (J. Lenzi et al., unpubl. data). Simi-
lar predator-prey relationships between both
Royal and Cayenne tern species and gulls
have been observed throughout the terns’
range. Laughing Gulls (L. atricilla) prey
heavily on breeding Cayenne Terns in Cura-
cao (Gochfeld and Burger 1996) and Aruba
(A. del Nevo, pers. comm.) and Royal Terns
in eastern United States (Buckley and Buckley
1972). The Yellow footed and Heerman’s gulls
(L. livens and L. heermanii, respectively) prey
on Royal Terns nesting at Isla Rasa, Mexico (E.
Velarde, pers. comm.).

RESEARCH AND CONSERVATION

RECOMMENDATIONS

In summary, our review shows that Royal
and Cayenne terns have a restricted breed-
ing distribution along the Atlantic coast of
South America, with a relatively low number
of breeding sites. The total population size is
relatively low, particularly for the Royal Tern,
and most of the breeding population is con-
centrated in a few colonies. Recommenda-
tions on priority actions in relation to re-
search and conservation of both species in
Argentina and Brazil include:

(1) Update and improve population esti-
mates of both tern species, particularly at
coastal sectors that appear to concentrate
most of the population. The frequent
changes in breeding location between years
indicate the need for simultaneous surveys
at a relatively large geographical scale. (2)
Evaluate factors determining changes in col-
ony sites, including natural and human in-
duced factors such as predation, food avail-
ability and human disturbance. (3) Analyze
genetic structure and relationships of Royal
Terns breeding in both countries, and their
relationship with North American popula-
tions. (4) Improve the knowledge on tern
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feeding ecology and their interaction with
fisheries. (5) Improve the knowledge of the
negative impact of Kelp Gulls on terns, as
species interactions have been quantified at
only one site in Argentina. Explore mecha-
nisms to minimize negative effects. (6) Im-
prove the protection of tern breeding popu-
lations through the designation of new ma-
rine protected areas and the seaward exten-
sion of existing reserves, including the
development of spatial zoning schemes of
waters adjacent to colonies. Among other
things, promote and improve the legal pro-
tection of northern Golfo San Jorge, Argen-
tina, and the four coastal islands in Espirito
Santo, Brazil. In addition, promote the in-
clusion in the protected area systems of both
countries of coastal sites which have been
used for breeding in the past.
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CAPÍTULO 3 
 

 

Multigene phylogeny and DNA barcoding indicate that the Sandwich tern complex 

(Thalasseus sandvicensis, Laridae, Sternini) comprises two species. 

 
 

 

Aceito como nota à Molecular Phylogenetics Evolution. 
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1. Introduction 

 

The crested terns are a group of six species of seabirds with a world-wide distribution 

closely allied to but larger than typical Sterna species. They are black-capped with elongated crest 

feathers and most have a bright yellow or orange to orange-red bill (Gochfeld and Burger, 1996). 

The taxonomic status of this group as a separate genus, Thalasseus, is gaining increasing acceptance 

following the publication of a molecular phylogeny demonstrating they form a strongly supported 

monophyletic clade (Bridge et al, 2005).  

One of the remaining taxonomic uncertainties in the Sternini is in the classification of the 

species complex of the Sandwich tern (Thalasseus sandvicensis), a taxon whose definition and 

limits have been controversial over the last century. Within this complex, there are three forms that 

have been classified either as subspecies or species.  The most frequent treatment is to consider 

them as three subspecies: the Sandwich tern (T. s. sandvicensis) that breeds on the Atlantic and 

Mediterranean coasts of Europe, Cabot´s tern (T. s. acuflavidus) that breeds on the Atlantic coasts 

of North America and the Caribbean, and Cayenne tern (T. s. eurygnathus) that breeds on the 

Atlantic coast of South America from Argentina north to the Caribbean. The three races of 

Sandwich tern were originally described as distinct species (Latham, 1787; Cabot, 1847; Baird, 

1884), and due to their morphological and behavioral similarities were later suggested to be part of 

the same species complex (Baird et al., 1884; Junge and Voous, 1955), an issue that is still 

controversial (Gochfeld and Burger, 1996; Hayes, 2004). 

These taxa are morphologically very similar, with a few distinctions: the Sandwich tern is 

slightly larger with wider white margin on outer primaries, shorter bill and, paler upperparts (Olsen 

and Larsson, 1995). Cabot’s and Cayenne terns are virtually identical in plumage, although the 

Cayenne terns possess, on average, a slightly longer, shaggier nuchal crest and slightly darker gray 
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upperparts (Shealer, 1999). The chief distinction between these taxa is in bill coloration. In 

Sandwich and Cabot’s terns the bill is always black with a yellow tip; in the Cayenne tern it is much 

more variable, typically pale yellow but often with black markings that may be extensive, and rarely 

orange or even reddish (Hayes, 2004). Cabot’s and Cayenne terns often hybridize in Caribbean 

region (Hayes, 2004).  

Breeding habitats of these terns also differ.  Sandwich terns nest in open areas with little or 

no vegetation: bare sand or sand-shell substrates, sandflats, dredge spoil islands and coral cayes 

(Shealer, 1999). In Europe, they breed in the Ebro Delta in open and sandy beaches and dikes in 

salinas (Oro et al., 2004). In the Caribbean, Cayenne and Cabot’s terns breed in flat islands situated 

in extensive saline lagoons or on patches of coral debris and sand and a few elevated rocks locally 

covered with thorny scrub and opuntias (Junge and Voous, 1955). In South America, Cayenne terns 

nest on islands in Brazil covered by low shrub vegetation, cactus and grasses (Efe et al., 2000), and 

on coasts characterized by extensive cliffs 30-100 m high and gravel beaches in Argentina 

(Quintana and Yorio, 1997).  

A recent thorough mtDNA analysis of the Sternini species (Bridge et al., 2005) has helped 

to clarify the phylogenetic relationships of most of the species. However, the relationships of taxa in 

the T. sandvicensis complex was not resolved, as few representatives of Cabot’s and Cayenne terns 

were included and Sandwich terns of the Old World were not examined. Therefore the aim of this 

study is to clarify the relationships among the Sandwich, Cayenne, and Cabot’s terns based on 

nuclear and mtDNA sequences. 

 

2. Materials and Methods 

 

Material was collected for this study by the authors and collaborators, from a wide range of 

geographic locations, as follows: the Sandwich tern, T. s. sandvicensis, on Ebro Delta, Spain, 40º 
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37’N/ 00º 35’E, (Code ESP, 2004, n=3); the Cabot’s tern, T. s. acuflavidus, in North Carolina, 

USA, 35º 32’N/ 75º 59’W (Code USA, 2005, n=2); the Cayenne tern T. s. eurygnathus, in 

Escalvada Is., Brazil, 20° 41’S/ 40°24’W (Code ES, 2002, n=3) and Punta León, Argentina, 

43º03’S/ 64º27’W (Code ARG, 2002, n=2). We have also obtained samples from another European 

population of Sandwich tern (Griend Is., Wadden Sea, The Netherlands) that unfortunately could 

not be fully sequenced due to sample conservation problems, but we managed to obtain partial 

sequences from some genes (MyO, COI, cyt b, see below) in a few individuals and all resulted in 

sequences that were indistinguishable from those from Spain (results not shown). Blood samples of 

breeding birds (adults and nestlings) were taken in the field from the brachial or jugular vein. 

Samples were preserved in EDTA/Tris-buffer (Dutton, 1995). One additional sample of the Royal 

tern (T. maximus) was from São Paulo, Brazil (provided by P.J. Faria) and another of Trudeau’s 

Tern (S. trudeaui) was from Lagoa do Peixe, RS, Brazil. All other samples were described in Bridge 

et al. (2005).  

Total DNA was extracted from the blood samples by a standard phenol/chloroform 

extraction (Sambrook et al., 1989). DNA was precipitated with cold isopropanol, centrifuged, 

washed, dried and resuspended in TE buffer.  Polymerase chain reaction (PCR) amplifications of 

the mitochondrial genes cytochrome b (cyt b), NADH 2 (ND2), and cytochrome oxidase I (COI), 

and the nuclear genes β-fibrinogen intron 7 (FIB) and Myoglobin intron 2 (MyO) were  in 20 µL 

reactions containing 1 µl DNA, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.4 µM of each primer, 1U Taq 

DNA polymerase (Invitrogen) and 1X buffer (Invitrogen).  Primers and PCR conditions for cyt b 

and ND2 were as described in Sorenson et al. (1999), for COI as in Hebert et al. (2003), for FIB as 

in Prychitko and Moore (1997), and for MyO as in Heslewood et al. (1998). Sequencing of T. 

sandvicensis genes was performed as described in Grazziotin et al. (2006) and of nuclear genes 

from additional Sternini was performed as described by Bridge et al. (2005). Sequences were 

deposited in GenBank (Genbank accession Nos. FJ356177 -  FJ356229).Other mitochondrial 
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sequences used in this study were obtained from GenBank (Accession numbers AY631284–

AY631390, Bridge et al. 2005). 

Traces and sequences were checked manually for ambiguities and aligned using the 

ClustalW algorithm of MEGA 4.0 (Tamura et al., 2007), with further adjustment by eye. 

Phylogenies were estimated by maximum parsimony (MP) and maximum likelihood (ML) using 

PAUP* (Swofford, 2003), and by Bayesian Inference (BI) using MrBayes 3.1 (Ronquist and 

Huelsenbeck, 2003). Tree topologies were rooted with the Inca tern (Larosterna inca) as an 

outgroup. The Akaike Information Criterion (AIC) was used in Modeltest v3.7 (Posada and 

Crandall, 1998) and MrModeltest (Nylander, 2004) to select the best-fit substitution model for use 

with PAUP* and MrBayes, respectively. MP and ML heuristic searches for optimal trees were 

conducted using Tree Bisection Reconnection branch-swapping with 100 random addition 

replicates. Non-parametric bootstrapping was used to assess support for nodes in the MP (1000 

replicates) and ML (200 replicates). Random starting trees were used in BI, and four Markov chains 

were run for one million generations with rate variation among sites modeled as a gamma 

distribution. Phylogenetic analyses were performed for three datasets: the mtDNA segments 

combined, the nuclear introns combined, and for all segments concatenated. All analyses were 

conducted with a partitioned approach (one partition per gene), where the model parameters were 

estimated independently for each partition. 

DNA barcode comparisons using COI sequences of the T. sandvicensis complex were 

performed in a subclade of the main phylogeny, including all the species of Thalasseus with 

additional sequences of T. s. acuflavidus (n=10), T. s. eurygnathus (n=2), and T. elegans (5) 

detailed in previous papers  (DQ433214-DQ433218, DQ434157-DQ434171, Kerr et al., 2007; and 

EU525544-EU525547, Tavares and Baker, 2008). The best-fit model (HKY with gamma) was 

selected by AIC in Modeltest v3.7 (Posada and Crandall, 1998). To check for monophyletic 

sequence clusters a Neighbor-joining (NJ) tree with the best-fit model parameters was constructed 
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in PAUP*. BI analysis of the barcodes were performed in MrBayes v3.1.2 with four Markov chains 

(average standard deviation of split frequencies = 0.005633) of 2 million generations, with one cold 

and four heated chains each, sampling once every 1000 trees and with the burnin time determined 

after the convergence of likelihood scores (burnin=200). COI phylogenetically informative 

characters were mapped on the BI tree in MacClade v4.08 (Maddison and Maddison, 2005), and a 

test of the chance occurrence of reciprocal monophyly were performed using the coalescent method 

in Rosenberg (2007) with level of significance α=1%. 

Divergence times were estimated using Markov chain Monte Carlo (MCMC) sampling and a 

relaxed molecular clock as implemented in Beast v1.4.7 (Drummond and Rambaut, 2006). A root 

age of 24.4 million years before the present (MYBP) from Paton et al. (2003) and adopted in Bridge 

et al. (2005) was used.  The main parameters and priors used were the uncorrelated log-normal 

relaxed molecular clock, Yule model of speciation and HKY substitution model with gamma 

distribution of rates among sites. Samples were drawn every 1,000 MCMC steps from a total of 

10,000,000 steps, following a discarded burn-in of 1,000,000 steps. Pairwise distances were estimated 

with MEGA 4.0 using Kimura’s two-parameter correction for multiple hits. 

 

3. Results  

 

The size of the alignments for each segment were 420 bp of cyt b, 1015 bp of ND2, 684 bp 

of COI, 730 bp of MyO, and 983 bp of FIB. The number and percentage of variable sites were: cyt 

b (86/20.5%), ND2 (292/28.8%), COI (160/23.4%), MyO (26/3.6%), and FIB (42/4.3%). 

The mean Kimura two-parameter (K2P) distance between the T. s. eurygnathus and T. s. 

acuflavidus was very small, 0.25% for mtDNA and 0.09% for nuclear genes. However, between T. 

s. sandvicensis and the T. s. eurygnathus/acuflavidus sequence divergence was similar to among-
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species distances observed within genera (Table 1). The K2P distances between T. elegans and T. s. 

eurygnathus/acuflavidus were only 1.08% and 0.2% for mtDNA and nuclear genes, respectively. 

 

Table 1. Mean K2P pairwise percent distances among species of terns. MtDNA distances are in the lower triangle and 
nuclear DNA distances are in the upper triangle. 
 1 2 3 4 5 6 7 8 9 
1- T. s. eurygnathus - 0.09 0.52 0.27 0.73 0.17 0.27 0.67 0.87 
2- T. s. acuflavidus 0.25 - 0.55 0.30 0.77 0.23 0.30 0.70 0.90 
3- T. s. sandvicensis 2.72 2.72 - 0.50 0.96 0.39 0.50 0.81 1.01 
4- T. maximus 2.87 2.80 2.94 - 0.59 0.21 0.13 0.65 0.85 
5- T. bengalensis 2.64 2.73 2.67 1.16 - 0.73 0.59 0.72 0.92 
6- T. elegans 1.06 1.09 2.94 3.01 2.99 - 0.21 0.55 0.83 
7- T. bergii 2.71 2.63 3.03 1.75 1.83 3.13 - 0.65 0.85 
8- S. sumatrana 7.58 7.95 7.66 7.72 7.53 7.92 7.39 - 0.59 
9- S. hirundinacea 8.10 8.26 7.82 7.63 7.27 8.35 7.18 5.69 - 
10- S. albostriatus 10.05 10.04 9.39 9.59 9.52 10.07 9.54 8.57 9.35 
11- S. dougallii 8.21 8.36 8.17 7.98 7.67 8.29 7.99 4.38 5.51 
12- S. hirundo 7.71 7.82 7.43 7.17 7.08 7.93 7.08 5.06 4.90 
13- S. striata 8.29 8.48 8.31 7.83 7.59 8.33 7.44 4.34 5.12 
14- S. vittata 8.20 8.38 8.04 7.85 7.60 8.35 7.58 6.21 1.25 
15- S. forsteri 7.41 7.93 7.61 7.49 7.49 7.34 7.16 7.43 7.51 
16- S. trudeaui 10.51 10.84 10.60 10.16 10.14 10.28 9.87 9.71 9.99 
17- C. hybridus 8.71 8.74 8.73 8.63 8.88 8.68 8.95 9.12 9.55 
18- L. inca 9.56 10.21 9.83 9.26 9.59 9.23 9.37 9.94 9.60 
 10 11 12 13 14 15 16 17 18 
1- T. s. eurygnathus 1.00 0.73 0.54 0.73 0.86 0.86 0.86 0.54 1.33 
2- T. s. acuflavidus 1.03 0.76 0.57 0.76 0.89 0.89 0.90 0.57 1.36 
3- T. s. sandvicensis 1.14 0.87 0.67 0.87 1.00 1.09 1.09 0.68 1.47 
4- T. maximus 0.98 0.72 0.52 0.72 0.85 0.85 0.85 0.52 1.25 
5- T. bengalensis 1.18 0.79 0.59 0.79 0.92 0.92 0.92 0.79 1.58 
6- T. elegans 0.90 0.62 0.48 0.62 0.76 0.83 0.83 0.48 1.25 
7- T. bergii 0.98 0.72 0.52 0.72 0.85 0.85 0.85 0.52 1.31 
8- S. sumatrana 0.85 0.20 0.26 0.20 0.46 0.85 0.85 0.39 1.38 
9- S. hirundinacea 0.92 0.52 0.46 0.52 0.33 1.05 1.05 0.52 1.51 
10- C. albostriatus - 0.92 0.72 0.92 1.05 1.25 1.18 0.52 1.58 
11- S. dougallii 9.56 - 0.33 0.13 0.39 0.92 0.92 0.46 1.44 
12- S. hirundo 8.88 5.39 - 0.33 0.46 0.72 0.72 0.26 1.25 
13- S. striata 9.45 4.16 5.27 - 0.39 0.92 0.92 0.46 1.44 
14- S. vittata 9.25 5.97 5.48 5.80 - 1.05 1.05 0.59 1.58 
15- S. forsteri 10.18 7.92 7.55 7.71 7.49 - 0.39 0.79 1.58 
16- S. trudeaui 11.62 10.57 10.22 10.44 9.87 6.59 - 0.79 1.58 
17- C. hybridus 6.12 9.76 9.55 9.89 9.63 9.84 11.90 - 0.98 
18- L. inca 11.02 10.61 10.26 10.30 9.68 9.95 11.68 10.37 - 
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Phylogenetic relationships estimated by the different methods and sequence partitions 

(mtDNA, nuclear, and mtDNA+nuclear) were similar (Figure 1), with just a few differences due to 

the low number of informative sites and thus many poorly supported nodes in the nuclear gene tree. 

However, in all trees individuals of T. s. sandvicensis and T. s. eurygnathus/acuflavidus grouped 

into distinct monophyletic clades that branched basally in the Thalasseus clade. T. sandvicensis as 

currently recognized was paraphyletic, with T. s. eurygnathus/acuflavidus forming the sister group 

to the Elegant Tern (T. elegans) both from the Americas, rather than to European T. s. sandvicensis. 

Thalasseus form a well-supported monophyletic clade separated from other terns by a long branch.  

Although the Thalasseus clade is sister to two species of Sterna (S. forsteri and S. Trudeaui), thus 

making Sterna paraphyletic, support values at this node are very weak, and further work is required 

to test the monophyly of this genus. 

 

Fig. 1. Phylogenetic tree inferred from Bayesian analysis of 3832 bp from mtDNA+nuclear sequences. Support values 
are indicated at nodes (Bayesian posterior probabilities, ML and MP bootstrap values, respectively). (-) indicates values 
lower than 50%. 
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 Trees recovered with Neighbor-Joining and BI analysis of COI barcodes were congruent: 

the three individuals of T. sandvicensis were monophyletic and were sister to a clade including T. 

elegans, T. s. eurygnathus, and T. s. acuflavidus, with T. elegans as a monophyletic group  with all 

clades supported by posterior probability of 1 (Figure 2). Individuals of T. s. acuflavidus and T. s. 

eurygnathus were not reciprocally monophyletic. The European terns differed from Cabot’s, 

Cayenne and Elegant terns by 4.2% (HKY+gamma distance) and 3.2% (K2P distance). There are 

15 characters that distinguish these clades, 7 on the branch to T. s. sandvicensis and 8 on the branch 

to the other subspecies of the Sandwich tern and the Elegant tern. Chance occurrence of reciprocal 

monophyly of these two clades was rejected (p= 2.26 x10-5, α= 1%). 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Fig. 2.  Diagnostic substitutions in COI mapped on the Bayesian tree topology of the barcode sequences of 630 bp.  
Substitutions are numbered according to their position in the sequences.  The branch lengths are proportional to the 
characters that change unambiguously on the branches.  Nodes A, B, and C have posterior probabilities of 1.0. 
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The divergence times estimated with the MCMC Bayesian approach using only mtDNA 

sequences agree with dates presented by Bridge et al. (2005), e.g. the separation between the T. 

sandvicensis/maximus/bengalensis/bergii and the T. s. eurygnatus/acuflavidus/T. elegans clades 

were about 2.7 MYBP, however using the nuclear+mtDNA dataset the separation between the T. 

sandvicensis and the T. s. eurygnatus/acuflavidus/T. elegans clades were older, dated around 3.6 

MYBP. 

 

4. Discussion 

Our analysis indicates that the Old World (T. s. sandvicensis) and the New World (T. s. 

acuflavidus/eurygnathus) tern populations are genetically as divergent as different species in the 

genus, and do not form a monophyletic group.  Instead, the latter are sister to the Elegant tern (T. 

elegans).  These results strongly suggest that the current taxonomic treatment of the T. s. 

sandvicensis/acuflavidus/eurygnathus complex as subspecies within a single species or as a 

northern hemisphere (T. s. sandvicensis) and a southern hemisphere species (T. s. eurygnathus) are 

phylogenetically inappropriate. The new arrangement should be one in which the Old World 

(Sandwich) tern T. s. sandvicensis and the New World (Cayenne and Cabot’s) terns T. s. 

acuflavidus/eurygnathus are considered two different species. COI barcodes of a larger sample of 

individuals of the Sandwich tern complex also supported the multigene phylogeny, splitting with 

high statistical support the European group (T. s. sandvicensis) from the other two subspecies of the 

complex (T. s. acuflavidus, and T. s. eurygnathus) and illustrating the efficacy of DNA barcoding in 

discovering potential new taxa of birds (Hebert et al, 2003).  The advantage of complementing 

multigene phylogenetic evidence with DNA barcoding of the complex is that diagnostic 

substitutions characteristic of other well known sister species of birds are clearly revealed (Figure 
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2), and can be tested statistically for taxonomic distinctiveness (Tavares and Baker, 2008, 

Rosenberg, 2007). 

Our study shows that the North American/ Caribbean (Cabot´s tern) and the 

Caribbean/South American (Cayenne tern) populations are very similar genetically (Table 1).  In a 

more extensive study on the genetic structure of  the New World populations based on DNA 

sequence and microsatellite variability (M.A.E, S.L.B. unpublished results), populations from these 

two taxa share mtDNA and nuclear haplotypes and present low microsatellite differentiation with a 

complex genetic structure, with no evidence of complete reproductive isolation,. Therefore, our 

preliminary genetic results do not support the existence of subspecies in this taxon. We propose that 

the appropriate taxonomic treatment for the New World terns (acuflavidus/eurygnathus complex) 

should be as Cabot’s Tern, Thalasseus acuflavidus, since S.  acuflavida was nominated by Cabot in 

1847 and S. eurygnatha by Sanders in 1876, in agreement with the grammatical arrangement 

suggested by David and Gosselin (2002).  

What are the consequences of this new taxonomic treatment for the conservation efforts of 

these taxa? The IUCN currently classifies the T. sandvicensis complex as of Least Concern (LC) 

because of its large geographic range, with an estimated global extent of occurrence of 100,000–

1,000,000 km² and a large global population (BirdLife International, 2008). Global population 

trends have not been quantified, but the species (s.l.) was not believed to approach the thresholds 

for the population decline criterion of the IUCN Red List (BirdLife International, 2008). A taxon is 

of Least Concern when it has been evaluated against these criteria and does not qualify for other 

categories (IUCN, 2001), but requires the same degree of attention that a more threatened taxon. 

The UK Joint Nature Conservation Committee considers the conservation status of T. sandvicensis 

in the UK to be unfavourable, and recommends general protection of breeding grounds (JNCC, 

2008). In view of the new arrangement suggested here, in which the Old World and the New World 
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populations are two distinct species, the conservation status of both T. sandvicensis and T. 

acuflavidus need to be revised.  
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CAPÍTULO 4 

 

 

Phylogeography and genetic structure of populations of the Cabot’s Terns, 

Thalasseus acuflavidus (Laridae, Sternini), based on DNA and microsatellites 

variation. 

 

 
 

A ser submetido para Molecular Ecology. 
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Abstract. In spite of the great amount of ecological studies developed for more than 40 years with 
populations of the T. acuflavidus, the relationship between the North and South American 
populations as well as between the main South American populations remain poorly understood, 
including their degree of genetic isolation. In this work we present the first genetic study of this 
species using mitochondrial and nuclear sequences as well as microsatellites data from one 
population form North America, one from Brazil, and one from Argentina. MtDNA diversity is low 
in the species as a whole, with the USA population divergent from both Brazil and Argentina, 
which are not differentiated. All three populations present signals of bottleneck and population 
expansion, with the South American populations presenting an expansion estimated around 30,000 
years ago. On the other hand, microsatellites data support a high recent gene flow among the 
populations of Brazil and USA, and a low gene flow among the populations of Brazil and 
Argentina. These results suggest the occurrence of a hybridization zone between Brazil and North 
America. The different breeding periods in Brazil and Argentina could be important in the recent 
isolation of these coastal birds, suggesting that allochrony may be a neglected process in the 
formation of the biodiversity in the Neotropics. 
 
 
Introduction 

Cabot’s tern is distributed for almost the whole Atlantic coast of the American continent, 

with several isolated breeding populations at different sites, and moving periodically among sites. 

Historically, the populations that breed on the Atlantic coasts of North America and the Caribbean 

was named Cabot’s tern (Thalaseus sandvicensis acuflavidus), and those that breed on the Atlantic 

coast of South America from Argentina north to the Caribbean was termed Cayenne tern (T. s. 

eurygnathus). Both were considered subspecies or races of the Sandwich tern (T. s. sandvicensis) 

that breeds on the coasts of Europe (Shealer, 1999). However, Efe et al. (Submitted) showed that 

the European and the American populations represent distinct non-sister species, supporting the 

treatment of the acuflavidus/eurygnathus complex as Cabot’s tern, Thalasseus acuflavidus. 

The ecological variability is common, nests are in open areas with little or no vegetation: 

bare sand or sand-shell substrates, sandflats, dredge spoil islands and coral cayes (Shealer, 1999). In 

the U.S. and Gulf coasts, they typically nests on low, sandy, flat islands close to shore (Oberholser, 

1974, Visser and Peterson, 1994). In the Caribean region the breeding place of the T. acuflavidus 

are flat islands situated in an extensive saline lagoon of shallow water or on bare coral rock and 

patches of coral debris and sand and a few elevated rocks locally covered with thorny scrub and 

opuntias. The nests were mere shallow depressions in the coral sand or in the sparse vegetation of 

Sesuvium portulacastrum, in some cases in the shade of single plants of Opuntia wentiana (Junge 

and Voous, 1955). In Brazil breeding grounds have low shrub vegetation with cactaceans 

predominating (Efe et al., 2000). In Argentina colonies are characterized by extensive cliffs 30-100 

m high and gravel beaches along the shoreline. About 700 m of shoreline are separated from the 

cliffs by a silt platform covered by vegetation consisting mainly of Suaeda divaricata, Atriplex 
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lampa, and Lycium chilense, and is used as nesting substrate by several seabird species (Yorio et al., 

1998).  

In the United States, Cabot’s Tern usually nests in dense groups among Royal Tern, T. 

maximus, Laughing Gulls, Larus atricilla, and sometimes Black Skimmers, Rynchops niger 

(Shealer, 1999). In North Carolina and Caribe it breeds with the Royal Tern (McGinnis and Emslie, 

2001, Hayes, 2004) and Roseate Tern, Sterna dougallii. In Brazilian coast breeding occurs mixed 

colonies with the South American Tern, S. hirundinacea (Efe et al., 2004). The colonies of 

Argentina are located within the Kelp Gull colony in mixed colonies with the Royal Tern (Quintana 

and Yorio, 1997). 

Breeding season also differs between colonies, in most U.S. and Caribbean colonies, first 

adults arrive in late April or early May (Shealer, 1999); Netherlands Antilles breeding activity has 

been observed from May to August (Junge and Voous, 1955). The terns in Brazilian colonies began 

to arrive in mid-April and the settlement at the colony site occurs from May onwards. The first 

chicks hatch in early June. In mid-September birds begin to leave the colonies and after the end of 

October they are rarely found on the coast of the State of Espírito Santo (Efe, 2004). However, in 

Argentina, Cabot’s terns started to arrive in mid-September and remained courting and mating on 

the beach for up to a month before finally settling in the colony site. The settlement at the colony 

site occurred during the second or third week of October (Quintana and Yorio, 1997) and the 

breeding activity has been registred until January (Escalante, 1970). 

The morphological variability among North and South American specimens of T. 

acuflavidus was presented by Shealer (1999) and the variety of colors in eggs, legs and culmen of 

the T. acuflavidus in Curaçao was described and quantified by Ansingh et al. (1960). The 

populations differ in overall size (North American specimens of may have a slightly weaker bill; 

Junge and Voous 1955) and plumage (South American specimens is also slightly darker above than 

North American specimens; Junge and Voous, 1955), but the main distinction between the 

populations is bill coloration. In North populations the bill is always black with a yellow tip (Hayes, 

2004); in Caribbean and Brazilian it is much more variable, black with yellow patches or yellow 

with black patches (Efe, 2000, Hayes, 2004) and, in Argentinean populations typically pale yellow 

and rarely yellow-orange (P. Yorio, pers. comm.).  

The taxonomic relationship between North and South populations is poorly understood, 

which appears to form a cline, with frequent hybridiztion (Hayes, 2004). A major motivation for 

mtDNA surveys of birds has been the need for critical reassessment of the processes governing 

genetic differentiation among conspecific populations (Avise and Ball, 1994) and, information on 
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connectivity between breeding populations is crucial for developing adequate plans for conservation 

and management species. Recently, nucleotide sequences were used to study the phylogeography of 

some seabirds (e.g., Avise et al., 2000, Liebers and Helbig, 2002, Steeves et al., 2003, Gómez-Díaz 

et al., 2006). MtDNA analysis is being used with increasing frequency to document genetic 

variation within avian species and the development of population markers that can be used to 

recognize birds from different breeding populations (Wennerberg et al., 2002). A large number of 

microsatellites also have already been characterized for seabirds (Burg and Croxall, 2001, Tirard et 

al., 2002, Abbott and Double, 2003, Genovart et al., 2003). Scarce population genetic information is 

available for any tern species (see Randi and Spina, 1987, Hackett, 1989, Avise, 2000, Peck and 

Congdon, 2004, Szczys et al., 2005). 

Using samples from geographically divergent areas throughout the species breeding range, 

we describe the intraspecific variation in the populations of the T. acuflavidus based on nucleotide 

sequences of nuclear and mtDNA, and genotypes at microsatellite loci. We also discuss the 

evolutionary history, morphological and ecological variability, and taxonomic and conservations 

implications for their genetic structure. 

 

Material and Methods 

Sampling 

Samples of the Cabot’s Tern were specifically collected for this study, by the authors and 

collaborators, from three different geographic locations comprising the most distant populations: 1) 

The North American populations in North Carolina, USA, 35º32’N/75º59’W (Code USA, 2005, 

n=10); 2); the South American populations in Escalvada Island, Espírito Santo state, Brazil, 

20°41’S/ 40°24’W (Code ES, 2002, n=10); and 3) and in Punta León, Argentina, 43º03’S/ 64º27’W 

(Code ARG, 2002, n=10). Blood samples of breeding birds (adults and nestlings) were taken in the 

field from the brachial or jugular vein and preserved in EDTA/Tris-buffer (Dutton, 1995). 

 

Molecular methods 

Total DNA was extracted from the blood samples by a standard phenol/chloroform 

extraction protocol (Sambrook et al., 1989). DNA was precipitated with cold isopropanol, 

centrifuged, washed, dried, and resuspended in TE buffer. Three mitochondrial and two nuclear 

fragments were amplified by polymerase chain reaction (PCR) as follows: 422 bp from the 

cytochrome b gene (CyB), 678 bp from the NADH enzyme subunit 2 gene (ND2), 632 bp from the 

cytochrome-oxidase c enzyme subunit 1 gene (COI), 983 bp from the intron 7 of the β-fibrinogen 
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gene (FIB) and 690 bp from the intron 2 of  the Myoglobin gene (MyO). Amplifications were 

conducted in 20 µl reactions containing 1 µl DNA, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.4 µM of each 

primer, 1U Taq DNA polymerase and 1X polymerase buffer. Primers and reaction conditions used 

were described in Sorenson et al. (1999) for CyB and ND2, Hebert et al. (2003) for COI, Prychitko 

and Moore (1997) for FIB, and Heslewood et al. (1998) for MyO. Sequencing was performed as 

described in Grazziotin et al. (2006). Traces and sequences were manually checked and aligned 

using ClustalW algorithm implemented in the software MEGA 4.0 (Tamura et al., 2007). 

Nine microsatellites loci were used for genotyping and yielded polymorphic amplification 

products for the T. acuflavidus. Three of these (RBG13, RBG18 and RBG27) were designed 

originally for the red-billed gull (Larus novaehollandiae scopulinus; Given et al., 2002). The other 

six (LARZAP11, LARZAP12, LARZAP14, LARZAP26, LARSNX10B and LARSNX24) were 

designed originally for the herring gull (Larus argentatus, Gregory and Quinn, 2006). Forward 

primers were 5’-tailed with the M13 sequence (5’-CACGACGTTGTAAAACGAC-3’) that is used 

in combination with an M13 primer marked with fluorescence (FAM, HEX, NED) (Boutin-

Ganache et al., 2001). All loci were amplified in separate reactions following the published protocol 

profiles, with few adjustments. Genotyping was performed on an automated sequencer MegaBACE 

1000 DNA Analysis Systems (GE Health Care) following recommended procedures. Genotypes 

were checked using the Genetic Profiler v2.2 (GE Health Care), and alelle sizing was checked by 

hand.  

Not all individuals could be successfully screened with all marker systems (nuclear and 

mitochondrial sequences; and microsatellites loci); thus, the respective data sets differ in size 

(mtDNA n=30, ncDNA n=30, and microsatellites n=45).  

 

DNA sequences analyses 

Basic DNA diversity statistics, including nucleotide (π) and haplotype diversity (Hd), as 

well as Tajima’s D (Tajima, 1983) and Fu’s FS (Fu, 1997) neutrality tests, and mismatch 

distribution analyses (Rogers and Harpending, 1992) were estimated for each population using the 

ARLEQUIN 3.1 program (Excoffier and Schneider, 2005).  

The degree of genetic structure was inferred using the FST values (based on pairwise 

sequence divergence and haplotypic frequency) calculated between populations in ARLEQUIN 3.1, 

and with the statistic significance for the FST calculated by permutation test (α=0.05). An analysis of 

molecular variance (AMOVA; Excoffier et al., 1992) was used to estimate the level of genetic 

variation within and among groups of populations with ARLEQUIN 3.1. These genetic structure 
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statistics were contrasted with haplotype networks, which were inferred by the Median Joining 

method (MJN) (Bandelt et al., 1999) using the program Network 4.1.0.8 (www.fluxus-

engineering.com). 

Demographic parameters such as effective population size (Ne), fluctuation in population 

size (G), and migration rates (Nm) were estimated, based on mtDNA sequences, for each 

population using the Markov Chain Monte Carlo (MCMC) approach implemented in the package 

LAMARC 2.1.3 (Kuhner, 2006). The parameters of the searches were set to perform a Bayesian 

analysis with one initial chain of length 50,000, followed by one final chain of length 1,000,000, 

and sampling trees every 100 steps in each case. For both, short and long chains, 1,000 steps were 

discarded as initial “burn-in” and four chain temperatures were set (1, 1.1, 3, and 6) to perform 

multiple simultaneous searches with adaptive heating. Each search was replicated twice and the 

confidence interval for the parameters θ (theta = 2Neµ for haploid data or 4Neµ for diploid data, µ = 

substitution rate), M (m/µ, m=migration rate) and G (growth rate) were calculated by percentile 

profiles. The posterior probability for each parameter was checked using the Trace v1.4 (Rambaut 

and Drummond, 2007) software. The mean substitution rate used was 8 x 10-9 substitutions per site 

per year, based on the results for CyB found by Fleischer et al. (1998) for Drepanididae species in 

Hawaii; and used by Liebers and Helbig (2002) in a phylogeographic study in Lesser Black-backed 

Gulls (Larus fuscus), and Peck and Congdon (2004) to infer historical processes in the Sooty Tern 

(Onychoprion fuscatus), both based on adjustments of this rate to control region sequences (but see 

Crochet and Desmarais, 2000 for differences in rate of evolution of mitochondrial segments in 

Gulls).  

The generation time for this species was calculated as 11.5 years using the substantial 

amount of information available for Laridae as follows. The birds from this family are characterized 

for its long life spans (frequently more than 30 years) and are the subject of several studies 

involving longevity, senescence and fitness (Monaghan and Metcalfe, 2000, Haussmann et al., 

2007, Møller, 2006). Moreover, several studies had shown that the breeding success increase with 

age in Sternini as a direct product of breeding experience (Limmer and Becker 2007), best energetic 

efficiency (Galbraith et al., 1999), less stress susceptibly (Heidinger et al., 2006), reduced nest 

defense behavior (Pearson et al., 2005), and early arrival at the breeding site (Arnold et al., 2006; 

Becker et al., 2008). The generation time was then estimated as the weighted mean among all 

breeding ages, taking in account the mean frequency of each age in the breeding site and differences 

in breeding success. To perform this, the mean was weighted by the product between the 

cumulative frequency for each age and the efficiency of breeding (measured as the percentage of 
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survival of chicks until the fledging at 24 days, see Nisbet, 2002). Since there is no complete life-

table available for T. acuflavidus we used the very detailed information presented for a species in 

the sister genus, Sterna hirundo (Nisbet, 2001; Nisbet, 2002; Nisbet et al., 2002). We consider that 

S. hirundo life table could be a reasonable approximation (see Table A1 in Appendix for the life-

table) since T. sandviciencis (the former epithet to T. acuflavidus) has been reported as living up to 

30.8 years and S. hirundo up to 33 years (AnAge databank – The Animal Ageing and Longevity 

Database, http://genomics. senescence.info/species/) and they have similar breeding behavior. 

Times to the most recent common ancestor (TMRCAs) were estimated using a Bayesian 

MCMC approach with the uncorrelated lognormal relaxed molecular clock as implemented in Beast 

v1.4.7 (Drummond and Rambaut 2007). Other parameters used were the HKY substitution model 

with four categories of gamma distribution among sites, the coalescence tree prior, and the 

substitution rate presented above. Samples were drawn every 1,000 MCMC steps from a total of 

10,000,000 steps, following a discarded burn-in of 1,000,000 steps after checked the convergence of 

the parameters values in the software Trace v1.4.   

 

Microsatellite analyses 

For the microsatellite loci, we calculated the number of alleles per locus (na), expected (He) 

and observed heterozygosity (Ho), using ARLEQUIN 3.1. As carried out for DNA sequences, the 

FST value between populations was used to infer the degree of genetic structure. FST was estimated 

using the number of different alleles (FST-like) and using summed of squared differences (RST-like); 

their statistic significance were calculated by permutation test (α=0.05).  

The demographic parameters Ne and Nm for each population were estimated using the 

package LAMARC 2.1.3. The same search strategy applied to DNA sequences was set to 

microsatellite data. However, here the search was replicated three times, with the final chain set to 

50,000,000 and only two chain temperatures were set (1 and 1.3). As a result of the complexity of 

microsatellite data set only two parameters, θ (4Neµ) and M, could be estimated, as well as, its 

confidence intervals (see the LAMARC manual). To estimate the Ne and Nm for the three 

population of T. acuflavidus the same approach implemented to mtDNA sequences was used, 

adjusted for diploid data. The mean evolutionary rate was set to 5.5 x 10-5 mutations per generation, 

estimated as a mean between the two most frequent mutation rates for microsatellites data in 

literature (1 x 10-4 and 1 x 10-5; Ellegren, 2004). 

To test if the number of populations was correctly obtained by the inferences made using 

FST and by biological evidences the program STRUCTURAMA (Huelsenbeck et. al.,  in press) was 
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used to infer population genetic structure from microsatellites data by allowing the number of 

populations to be a random variable that follows a Dirichlet distribution prior. To choose an 

appropriate value of population (K) for modelling the data, 10 runs of MCMC approach were ran, 

set to 10,000 cycles. After that, the program STRUCTURE (Pritchard et al., 2000) was used to 

identify clusters of related individuals from the multilocus genotypes using the defined K. Results 

are based on 50,000 MCMC iterations following a burn-in period of 20,000 iterations. Simulations 

were conducted using an admixture model and correlated allele frequencies between populations, as 

suggested by Falush et al. (2003) in cases of subtle population structure. The results were displayed 

using the program Distruct 1.1 (Rosenberg, 2004).  

To detect possible recent bottlenecks in the populations, the approach implemented in the 

BOTTLENECK 1.2.02 software (Cornuet and Luikart, 1996) was applied. It is based on the 

difference between the expected and observed heterozygosis value, and argue that significant 

heterozygote excess represents a signal of a recent bottleneck, since the number of alleles decrease 

faster than the heterozygosis in a bottlenecked population. The three models of molecular evolution 

implemented in the program were tested: Stepwise Mutation Model (SMM), Infinite Allele Model 

(IAM), and Two-Phased Model of Mutation (TPM), and the significance of the results were based 

on Wilcoxon sign-rank test and the mode-shift analysis. 

 

Results 

DNA sequence variation  

The alignments obtained for the mtDNA genes and for the FIB and MyO introns did not 

present any indel and in 3,406 bp only 27 substitution were found, as follows: 17 variable sites in 

mtDNA (10 transitions, ti and seven transversions, tv), three in MyO (two ti and one tv), and seven 

in FIB (two ti and five tv). No stop codon or any /unusual/ non-synonymous substitutions were 

observed in the mtDNA sequences suggesting they are of mitochondrial origin. The sequences were 

submitted to GenBank.. 

The three populations present very different diversity patterns (Table 1). The results for 

FIB and mtDNA are concordant and reveal that the USA population has the highest haplotype and 

nucleotide diversity, followed by BRA population, but the latter showing 30% less haplotype and 

almost 70% less nucleotide diversity. For these DNA fragments, the ARG population showed the 

lowest diversity within the T. acuflavidus (Hd and π about three and six times less than the USA, 

respectively). However, in the MyO sequences the Argentinean population has the highest values 

for Hd and π, while in the BRA did not show any variable site. 



Ecologia, História Evolutiva e Conservação de Thalasseus sandvicensis 

 64 

The mtDNA haplotype network (Figure 1) shows a typical star-like shape, where the 

majority of rare haplotypes diverge by a single mutation from the most frequent haplotype. Besides 

the central shared haplotype, all others are singleton exclusive, with the USA population presenting 

more diverse haplotypes than ARG and BRA. A similar haplotype network can be seen in FIB 

network, where only USA has one exclusive haplotype. The MyO network, although also star like, 

contrasts with other results in that ARG is the more diverse population, with two exclusive 

haplotypes, then USA with one and BRA with only the most common haplotype. 

 

Table 1. Summary statistics observed in Brazilian (BRA), Argentinean (ARG) and North American (USA) populations 
of T. acuflavidus based on DNA sequences and microsatellites. 

    ARG BRA USA Total 

  Fib         
n  20 16 16 52 
h  2 2 3 3 
S  3 3 4 4 

Hd  0.479 ± 0.072 0.533 ± 0.0456 0.692 ± 0.058  
π (%)  0.0015 ± 0.0010 0.0016 ± 0.0011 0.0018 ± 0.0012  

 Myo     
n  20 20 20 60 
h  3 1 2 3 
S  2 0 1 3 

Hd  0.358 ± 0.127 0 0.189 ± 0.108  
π (%)  0.0005 ± 0.0006 0 0.0003 ± 0.0004  

 mtDNA     
n  10 10 10 30 
h  3 5 7 13 
S  2 4 7 13 

Hd  0.378 ± 0.181 0.667 ±  0.163 0.933 ± 0.062  
π (%)  0.0231 ± 0.0263 0.0449 ± 0.0402 1.373 ± 0.0921  

 STR     
n  32 34 24 90 

mn  27.3 29.3 21.6 78.2 
na  4.4 ± 1.9 4.1 ± 2.5 3.2 ± 1.2 3.5 ± 2.2 

Gd  0.404 ± 0.230 0.366 ± 0.211 0.420 ± 0.241  
Ho  0.362 ± 0.264 0.423 ± 0.356 0.283 ± 0.291  
He   0.617 ± 0.172 0.546 ± 0.219 0.575 ± 0.130   

n, number of genes copies; S, number of variable sites; h, number of haplotypes; Hd, haplotype diversity; π, nucleotide 
diversity; mn, mean number of genes copies (discounting missing data); Gd, gene diversity; na,  mean number of alleles 
per locus; He, expected heterozygosity; Ho, observed heterozygosity. 
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Figure 1. Median-joining networks for mitochondrial haplotypes and intronic alleles, from three populations of T. 

acuflavidus. a. β-fibrinogen gene (FIB); b. Myoglobin gene (MyO) and c. mtDNA with cytochrome b gene (CyB), 
NADH enzyme subunit 2 gene (ND2) and cytochrome-oxidase c enzyme subunit 1 gene (COI) concatenated. 
 

The population pairwise FST values indicates a low genetic differentiation and a 

consequently high level of gene flow between ARG and BRA and, conversely, between USA and 

the other two South American populations a high FST indicating a restricted gene flow, in special 

with mtDNA data. (Table 2). There is a tendency of higher FSTs in the comparisons of USA 

population with ARG than BRA. Most comparisons using the nuclear sequences were not 

significant, probably due to very low diversity. 

 

Table 2. Genetic differentiation among populations of T. acuflavidus based on DNA sequences and microsatellites.  
 mtDNA FST mtDNA ΦST RST STR FST 

ARG X BRA 0 0.0019 0.1556 0.1067 

ARG X USA 0.2196 0.2612 0.1068 0.0166 

BRA X USA 0.0909 0.2228 0.0428 0.1233 

Upper-right values of FST were estimated using a distance matrix computed by pairwise difference (for STR using 
summed of squared differences - RST-like); Lower-left values of FST were estimated using haplotype frequency only. 
Values in bold are statistically significant at p<0.05. 

 

Based on the FST results, the LAMARC search using DNA sequences was carried out only 

with the mtDNA sequences, and two sets of populations: samples from USA, and samples from 

ARG and BRA pooled. To balance the analysis, the same number of sequences was used for both 

populations, so 10 sequences were randomly chosen from ARG and BRA sequences. The 

LAMARC results showed a consistent pattern of higher genetic diversity in USA population (θ = 
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0.0071) than South American populations (θ = 0.0041), in accordance with the summary statistics. 

This also directly reflects in the estimated Nef (female effective population size), that was almost 

twice for USA than for the for ARG and BRA pooled (Table 3), although its confidence interval is 

large. The gene flow between the two populations was estimated as Nm = 0.811 from USA into 

ARG-BRA and Nm = 0.862 from ARG-BRA into USA and they are in agreement with the 

relatively high FST values estimated between these populations. However, the Nm based on FST 

using the equation FST = 1 / (1 + 2Nm) is about twice the Nm estimated with LAMARC (1.4 

between ARG and USA and 1.7 between BRA and USA). Both population sets showed a strong 

signal of population growth and the South American populations showed a higher signal 

(G=8230.531) than USA (G=3781.625) as could be expected by the network shape. 

 

Table 3. Comparison between STR and mtDNA signals of effective population size (Ne) and female 
effective population size (Nef) estimated by Bayesian approach using LAMARC. 

STR mtDNA 

Population Ne* Population Nef* 

ARG 7,461 (5,518-9,524) BRA-ARG 22,359 (2,011-341,940) 

BRA 6,653 (5,243- 8,183)   

USA 5,552 (3,858- 7,278) USA 38,652 (7,505- 406,348) 

* See appendix for posterior distribution graphics of estimated θ values. 

 

Neutrality tests for the three populations gave negative values for MyO and mtDNA 

sequences, but positive for FIB sequences (Table 4). However, only mtDNA data showed 

significant values, such as the significantly negative Fu’s FS for the three populations. The mtDNA 

graphs of mismatch distribution were unimodal for ARG and BRA and bimodal for USA (Figure 2).  

 

Table 4. Neutrality tests based on DNA sequences for populations of T. acuflavidus. 
Marker Test ARG BRA USA 

Tajima's D -0.0364 -1.7274  -0.1654  mtDNA 

Fu's FS -1.1639  -2.9237  -2.7275  

Tajima's D 1.4781 1.8674 2.2314 FIB 

Fu's FS 2.4550 4.0615 4.0915 

Tajima's D -0.76857 n.a. -0.59155 MYO 

Fu's FS -0.72368 n.a. -0.0966 

Values in bold are statistically significant (p<0.05). 
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Figure 2. Mismatch distribution for three populations of T. acuflavidus. 

 

 The time to most recent common ancestor (TMRCA) for the whole species based on the 

mtDNA sequences was estimated around 100,000 years ago (YA; confidence interval of 95% (CI) 

of 39-220 kYA) and was similar to the TMRCA for USA population estimated at 97,000 YA 

(CI=38-215 kYA). For the two populations from South America the TMRCA was almost the same: 

82,500 YA (CI=36,8-181 kYA) for ARG and 82,000 YA (CI=37.1-181 kYA) for BRA. The 

posterior distribution density for the parameters estimated and for likelihood of search can be seen 

in the Appendix. 

 

Microsatellite sequence variation  

 

Results of the summary statistics of the STRs showed a different pattern from that of the 

DNA sequences (Table 1). The ARG population showed the largest number of alleles per locus 

(4.4) and the USA population had the smallest (3.2). On the other hand, gene diversity was highest 

in USA and lowest in BRA population. The level of observed heterozygosity showed highest values 

in BRA and lowest in USA populations.  

The analysis of genetic structure based on the STRs differs of the mtDNA (Table 2). The 

pairwise FST values showed some degree of genetic structure and were significant for all 

comparisons, with exception of the ARG x USA under classical FST. On the other hand, ARG and 

BRA present higher differentiation, in special in the RST approach. The bidirectional migration 

estimated using LAMARC software (Table 5) corroborates results of the RST analyses showing a 
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higher gene flow between BRA and USA and lower between BRA and ARG. The contribution to 

gene flow seems to be similar in both directions for all comparisons. 

 

 
Table 5. Bidirectional migration between populations of T. acuflavidus based on STR data. 

Nm direction MPEs 95%L 95%U 

 ARG into BRA 0.245 0.158 1.044 

 BRA into ARG 0.351 0.116 0.882 

 BRA into USA 0.568 0.184 1.148 

 USA into BRA 0.618 0.203 1.265 

 ARG into USA 0.450 0.123 1.058 

 USA into ARG 0.302 0.094 0.955 

MPEs, Most probable estimates 
 

Bayesian inference under a Dirichlet process prior on STRUCTURAMA estimated K = 3 

as number of clusters with the highest posterior probability for the individuals sampled. Assuming 

that K was correctly estimated, STRUCTURE obtained correct groupings of individuals with low 

accuracy (Table 6). Our clustering results showed that the three main geographic groups in the 

terns’ data set represent three or two genetically distinct populations (Figure 3a), with the major 

difference between ARG and the other two populations. In Fig. 3b the triangle plot shows that ARG 

individuals are frequently clustered apart of the others and several individuals of USA and BRA are 

mixed.  

 

Table 6. Proportion of membership of each pre-defined population in each of the 3 clusters 
of the STRUCTURE software  
Population  Inferred Cluster  n 

  1 2 3  
ARG 0.413 0.466 0.121 16 
BRA 0.288 0.059 0.653 17 
USA 0.310 0.158 0.532 12 
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 a.     b.        

Figure 3. Population structure and population-of-origin assignment based on STR data for 45 individuals of T. 

acuflavidus. a. Bar plot showing the genetic structure where each individual is represented by a line partitioned into 
three segments corresponding to its membership coefficients in three inferred clusters (colors make reference to the 
principal cluster membership for each population).  Upper box, plotted by individuals; Lower box, plotted by 
population; b. Triangle plot showing the assignment of each individual among three clusters. 
 
 

Corroborating the LAMARC results for Ne estimations, all mutation models and all 

statistical tests implemented in Bottleneck software showed significant results for heterozygosity 

excess for the USA population and therefore, a signal of recent bottleneck  (Table 7). The other two 

populations showed significant results (for α=0.05) only using the IAM model, with all the other 

results non-significant. The strict SMM model showed the larger p-value for all populations and 

USA had significant results only under α=0.05 for this model. However, the Mode shift was 

completely shifted by an excess of heterozygosity for this population, reinforcing the significant 

result for a bottleneck signal. 

 

Table 7. Signals of heterozygosity excess inferred for populations of T. acuflavidus by the 
Bottleneck software. 

Population Mutation Model 
ARG BRA USA 

IAM N 9(8) 9(7) 9(9) 
 one tail 0.01367 0.01855 0.00098 
 two tail 0.02734 0.03711 0.00195 

SMM N 9(5) 9(3) 9(8) 
 one tail 0.36719 0.75195 0.01855 
 two tail 0.73438 0.57031 0.03711 

TPM N    
 one tail 0.08203 0.15039 0.00098 
 two tail 0.16406 0.30078 0.00195 
Mode shift L-shaped L-shaped Shifted 

N, number of loci analyzed (values in parentheses are loci showing heterozygosity excess). IAM, 
p-value for Infinite Allele Model; SMM, p-value for Stepwise Mutation Model; TPM, p-value for 
Two-phase Model of Mutation. Values in bold are statistically significant (0.05). 

Cluster 1 Cluster 2

Cluster 3

ARG

BRA

USA
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Discussion 

 

Genetic diversity and structure 

The genetic diversity found in three different molecular markers (mtDNA, ncDNA and 

STR), presents a complex scenario for the evolutionary history of T. acuflavidus, including some 

apparently conflicting patterns.   

If T. acuflavidus would follow isolation by distance process, gene flow would be more 

frequent among closer groups (ARG and BRA) and less frequent among distant groups (ARG and 

USA, BRA and USA). Signal of this pattern was found in the results of DNA sequences analyses, 

where ARG and BRA were genetically closer than ARG or BRA with USA. However, for the STR 

analyses the results were discordant with these expectations, suggesting a low gene flow between 

populations of terns from Brazil and Argentina as well as between populations of Argentina and 

USA.  

Partial reproductive isolation could explain some cases of dramatic differences between 

population subdivisions revealed by mitochondrial and nuclear markers. Other examples of highly 

structured mtDNA in spite of poorly differentiated nuclear markers have been documented between 

bird species. Several large white-headed gull species are weakly differentiated in allozyme 

frequencies (Snell, 1991), but differ markedly in terms of mtDNA haplotypes (Crochet, 1998). 

Different dispersal behaviour of males and females and faster response of mitochondrial genes to 

drift effect in case of gene flow reduction will affect unequally intraspecific population structures of 

mitochondrial and nuclear genes. Imperfect reproductive isolation might also prevent exchange of 

mitochondrial lineages before the evolution of barriers to nuclear gene flow. According to Crochet 

(2000) even in a population with neither sex-biased dispersal nor skewed sex-ratio, expected values 

of F-statistics are higher when using mtDNA than nuclear markers, particularly when FST is small. 

Avise et al. (2000) analyzed mtDNA control region variation from Sooty tern and found that 

colonies within an ocean basin are only weakly differentiated in matrilineal composition with 

similar or identical mtDNA haplotypes shared across nesting sites separated by 16,000 kilometers. 

 

Divergence times and the arising of South American population  

Based on the TMRCA for mtDNA sequences both South and North American populations 

seem arose simultaneously. However, a molecular phylogenetic tree of T. acuflavidus and several 

outgroups showed that the root is within the EUA population (Efe et al., submitted), rendering the 
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South America population a peripheral isolation of an older North American linage. This is also a 

plausible interpretation for the mtDNA network (Fig. 1). The Fs statistics for the South American 

populations and their mismatch distributions can be interpreted as a signal of a bottleneck followed 

by a population expansion for the South American population. Given they present a peak around 1 

difference and using the standard 2% divergence for mtDNA coding region, this translate to an 

expansion time around 30,000 years ago for their single ancestral population.  

The low level of divergence between ARG and BRA for the DNA sequences could be 

interpreted as a recent differentiation with incomplete lineage sorting, assuming that the first 

divergence occurred between USA and South American populations. Two main hypotheses could 

be proposed to explain the second and more recent split between BRA and ARG populations and 

their genetic diversity characteristics.   

One scenario is that the ARG population is a recent and peripheral isolated from some 

Brazilian lineages, which could explain the lower diversity of DNA sequences in Argentinean 

population. An alternative hypothesis is a basal divergence between them, but that the ARG 

population experienced a later population bottleneck due to glacial periods. As Cabot’s terns in 

Argentina is distributed in higher latitudes, the consequences of the glacial cycles could be enough 

to decrease the population size substantially.   

 

Demographic scenarios 

The estimated effective population sizes for the studied populations of T. acuflavidus were 

similar to the current population census. As the biggest colonies in each geographic group were 

sampled (North Carolina, in North America, Espírito Santo in Brazil and Punta León in Argentina) 

and the migration between nearby colonies was demonstrated (Shealer 1999, Efe et al., 2000), the 

sampling used in this study was assumed as enough to sample haplotypes from different colonies 

from each major geographic group. Therefore, the estimated Ne for each populations based on 

mtDNA sequences were took here as an estimative of the Ne for the major geographic groups.  

For the whole North American breeding colonies the estimative of the population census 

ranges from 37,530 to 46,945 pairs (Clapp et al., 1983, Shealer, 1999), a mean of 84,475 

individuals. Based on a sexual ratio of 1:1 (Shealer, 1999) the population census is only 1.9 times 

larger than the Ne estimated using mtDNA sequences. For South American breeding colonies the 

population census is not so well known and there are only estimates for individual breeding sites: 

1,700-3,470 pairs for Aruba, 1,200 pairs for Guiana (data compiled by Shealer, 1999), less than 

10,000 pairs in Argentina (Yorio and Efe, 2009) and 8,000 pairs in Brazil (Yorio and Efe, 2009). 
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An approximation of the total number of Cabot’s terns in South America results in 45,340 

individuals, wich represents 0.59 times the Ne estimated based on mtDNA sequences. On the other 

hand, the Ne estimated based on STR markers are much lower (Table 3). However, as the mutation 

rates presented for microsatellite loci have at least an order of magnitude of difference, and we have 

used a mean rate, just using another value within the accepted interval is enough to bring the Ne 

from STR dataset to the values compatible with mtDNA values. An additional explanation is that, 

given the faster mutation rate of mtDNA than STR markers the Ne estimated from mtDNA 

represents a long-term estimate while the STR represents a much more recent and more local 

demography (see Webster et al., 2002, Ellegren, 2004). This view is supported by the estimated 

gene flow, which shows stronger genetic structure using STR than using mtDNA sequences. 

Therefore, almost all Ne estimations matched with census estimation indicating that the time and 

strength of the historical demographic process undergone by these populations were enough to 

imprint very clear signals in the studied markers, which could be recovered by population genetic 

statistics. 

 

The North American bottleneck 

The very clear signal for excess to heterozigosity in EUA populations suggests that this 

population went through a historical but relatively recent size reduction. This population suffered 

the major known decline during nineteenth century, due mostly to millinery trade and egg collecting 

(Shealer, 1999). However, the colony sampled in North Carolina has been reported as an example 

of the recent population increase (Shealer, 1999). Clapp and Buckley (1984) suggest that North 

Carolina colonies were the largest there have ever been before. Number of breeding pairs in these 

colonies more than doubled between 1977 (1,190 nests) and 1995 (2,905 nests; Parnell et al., 1997). 

Given the very recent timeframe for human influences, it is unlikely that they left any significant 

signal in the genetic makeup of this population. Both the older expansion found in the mtDNA data 

and the recent bottleneck were more likely consequences of natural events as discussed herein. 

 

Taxonomic implications 

South and North American populations are commonly classified as two distinct entities, 

Cayenne terns, T. sandvicencis eurygnathus and Cabot’s tern, T. sandvicencis acuflavidus (Shealer, 

1999) and have some clear distinctions in the mtDNA variability (Fig. 1, Table 2) that could be 

used as an argument to keep the sub-specific taxonomy rank. However, it was showed here that 

these two populations present high levels of recent gene flow based on STR analyses (Fig. 3, Table 
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2 and 4). This low level of genetic differentiation between South and North American colonies are 

consistent with expectations based on the large, transient nature of the populations and the potential 

for population mixing. The geographical extent of possible hybridization sites between North and 

South American populations has been documented quantitatively (see Hayes, 2004). Norton (1984) 

argued that the winter area of North populations, which has black culmem with yellows tip, is 

overlapped with the reproduction area of South populations, which has complete yellow culmem, in 

the north coast of South America, where social pairs could be formed for next breeding season, 

influencing extra-limited movements and recruitment of immature birds seeking reproduction 

habitats. 

 

Evidence of allochronic barriers 

The T. acuflavidus complex has now been defined as a single entity (Efe et al., submitted). 

However several studies had shown the idiosyncratic characteristics of populations from the 

extreme southern South America (see introduction, Junge and Voous, 1955, Escalante, 1970, 1973). 

Results in this study show a recent barrier to gene flow between ARG and BRA populations (Fig. 3, 

Table 3, 5 and 6). Interestingly, these two populations are in close contact in some localities in 

Brazil (i.e. Lagoa do Peixe, RS), which is constantly used for both populations as a feeding site (Efe 

et al., 2000, Bugoni e Vooren, 2005). Individuals banded in Brazil were captured in Argentinean 

and Uruguay feeding sites and vice-versa (Efe et al., 2000). However, they have asynchronous 

reproduction: the Brazilian population breeds between April and September and population from 

Argentina between September and January (Escalante, 1970). This difference in breeding season 

could explain the low level of gene flow between these two populations. Reproductive phenology 

can be governed by a combination of genetic and environmental factors (Gwinner, 2003; 

Lambrechts et al., 1999) and has been described as the main cause of allochronic speciation (Cooley 

et al., 2001, 2003).  Moore et al. (2005) have showed that the reproductive asynchrony causes 

genetic divergence between populations of Rufous-collared sparrows (Zonotrichia capensis) as a 

consequence of limited gene flow, and argued that greater genetic diversity in tropical populations 

can be associated with locally adapted reproductive phenologies. Sympatric speciation has been a 

polemic issue in speciation debate (Friesen et al., 2007) and within all possible hypotheses causing 

sympatric speciation the allochrony is one of the least supported by empirical data. The most 

common examples of speciation by allochrony were given by insects (Abbot and Withgott, 2004), 

but in this case they are strongly supported by evidences, such as speciation of cicadas in eastern 

North America (Cooley et al., 2001). Nevertheless, the examples for vertebrates are scarce and 



Ecologia, História Evolutiva e Conservação de Thalasseus sandvicensis 

 74 

sometimes not evident, despite a recent paper (Friesen et al., 2007) describing the first example of 

allochronic speciation for a tetrapoda. They studied a small seabird that nests in islands throughout 

the Atlantic and Pacific Oceans, the Madeiran or bandrumped storm-petrel (Oceanodroma castro). 

In this storm-petrel different individuals breed in different season, but in the same islands, and in all 

archipelago they are very different genetically, and in two of then they ceased to exchange genes. 

The results for South populations of Cabot’s tern showed a clear tendency of genetic 

isolation in southern South America, and considering the DNA sequence and STR results showed 

herein, it is plausible to argue that, as the Argentinean population may represents a peripheral 

branch of the Brazilian, the STR divergence between BRA and ARG can be explained by 

allochrony. The Brazilian and Argentinean populations probably are in the early stages of genetic 

divergence, sharing mitochondrial haplotypes and STR alleles. It is possible to argue that the STR 

divergence showed by ARG is a signal of genetic drift that fixed different alleles or frequencies of 

the ancestral population pool and not a clear effect of allochrony. Although this hypothesis is 

certainly true concerning the lower mtDNA diversity in ARG, it does not represent a conflict with 

the allochrony hypothesis, because even though the fixed alleles were a result of genetic drift it does 

not explain why the gene flow signal is so low between the ARG and BRA populations. 

Therefore, the small size of the most colonies of North and South populations of Cabot’s 

tern coupled with the phylopatric nature of the species suggest that inbreeding and allochronic 

isolation (phenological barriers for breeding between the Argentinean and Brazilian populations) 

may be significant factors in the dynamics of this species in the Atlantic region and an issue of 

particular interest for studies concerning patterns of gene flow in hybrid zones and behavioral 

barriers. 

 

Conservation implications  

The population structure of Cabot’s Tern in America presented here fits very well with the 

metapopulation concept. Metapopulation ecology is expected to make predictions about the 

biological and ecological consequences of habitat destruction and its effects on loss of biodiversity. 

In some areas of high human development such as the coastal region, these predictions will be 

crucial for the future of the terns and the landscapes they inhabit. This terns nest on small coastal 

islands susceptible to environmental disturbance (Gochfeld and Burger, 1996, Shealer, 1999) and its 

colonies have historically suffered extensive egg collection which has severely decreased its 

reproductive success. Therefore, these peripheral populations are typically small and subject to 

colonization and founder events, increasing the potential for genetic drift and inbreeding (Bouzat 
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and Johnson, 2004). These populations are valuable for conservation, because they may preserve 

rare alleles and gene combinations important for local adaptation (Lesica and Allendorf, 1995).  

Co-specific populations not clearly defined by large phylogenetic gaps, as the population of 

Cabot's Tern studied here, which showed weak levels of matrilinean subdivisions, may be relevant 

for conservation efforts, because if over exploited or excised they are probably sunk. If we define 

our goal as protecting intraspecific biological diversity there are many potential ways to elect the 

Argentinean population as a Management Unit, for example distinct phenotypes, such as “pure” 

yellow billed and different breeding regime, such as temporal breeding isolation, which produce 

distinct life histories. Even geographic distance, in the absence of clear isolation could be used to 

assign conservation unit status, protecting extremes of a species’ geographic range. 
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Appendix  
 

 
 
Fig. A1. Distribution density for likelihood value estimated in BEAST. 
 
 
 
 

 
Fig. A2. Distribution density for θ value estimated for population from South America (BRA-ARG) using BEAST. 
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Fig. A3. Distribution density for θ value estimated for population USA using BEAST. 
 
 

 
 
Fig. A4. Distribution density for TMRCA value estimated for ARG population using BEAST. 
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Fig. A5. Distribution density for TMRCA value estimated for BRA population using BEAST. 
 
 
 
 

 
 
Fig. A6. Distribution density for TMRCA value estimated for population USA using BEAST. 
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Table A1. Life-table for Sterna hierundo. 
Age Freq. Survival Contr. weight 

2 0.000 0.000 0.000 0.000 

3 0.015 0.400 0.007 0.021 

4 0.031 0.400 0.014 0.056 

5 0.046 0.645 0.034 0.170 

6 0.061 0.890 0.063 0.376 

7 0.076 0.890 0.078 0.548 

8 0.092 0.890 0.094 0.751 

9 0.107 0.890 0.110 0.986 

10 0.096 0.897 0.099 0.994 

11 0.086 0.903 0.089 0.979 

12 0.075 0.910 0.078 0.941 

13 0.064 0.917 0.068 0.880 

14 0.053 0.923 0.057 0.796 

15 0.043 0.930 0.046 0.687 

16 0.032 0.937 0.035 0.554 

17 0.021 0.943 0.023 0.395 

18 0.011 0.950 0.012 0.211 

19 0.011 0.950 0.012 0.222 

20 0.011 0.950 0.012 0.234 

21 0.011 0.950 0.012 0.246 

22 0.011 0.950 0.012 0.257 

23 0.011 0.950 0.012 0.269 

24 0.009 0.907 0.010 0.234 

25 0.008 0.864 0.008 0.199 

26 0.007 0.820 0.006 0.164 

27 0.005 0.777 0.005 0.129 

28 0.004 0.734 0.003 0.095 

29 0.003 0.691 0.002 0.062 

30 0.001 0.648 0.001 0.030 

31 0.000 0.000 0.000 0.000 
 Freq. mean relative frequency in the population; Survival, frequency of chick survival until 24 days; Contr., relative 
contribution to next generation; weight, weight value to use in the weighted mean. Bold values for Freq. and Survival 
are data compiled form literature, not bold values produced by interpolation. Data from Nisbet (2001, 2002). 
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CAPÍTULO  5 
 

 

Evaluation of the status of conservation of the Cabot’s Tern in Brazil. 

 
 

 

A ser submetido para Bird Conservation International. 
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Evaluation of the status of conservation of the Cabot’s Tern in Brazil 
 
Márcio Amorim Efe* and Sandro L. Bonatto  

Centro de Biologia Genômica e Molecular, Faculdade de Biociências, Pontifícia Universidade 

Católica do Rio Grande do Sul, Av. Ipiranga, 6681, CEP 90610-001, Porto Alegre, RS, Brazil 

 

Abstract. The Cabot’s Tern, Thalasseus acuflavidus is considered to be one of the most vulnerable 
coastal species in Brazil. Its range is limited to the eastern coast of South America, and it nests on 
small coastal islands that are susceptible to environmental disturbance. Historically, its colonies 
have suffered extensive egg collection by fishermen, which has severely decreased its reproductive 
success. The Brazilian population is mainly confined to the coast of Espírito Santo state. This paper 
evaluates the population status of T. acuflavidus in Brazil and discusses its threat category. Our 
evaluation of the conservation status of this species follows the criteria and categories adopted by 
the IUCN. Here, we review several parameters, including taxonomic level, principal threats, area 
and extent of occurrence, and current population size. Because Cabot’s Terns have recently been 
extirpated from other areas of the Brazilian coast, we recommend that this species should be defined 
as Vulnerable at the national level. It may also qualify as Endangered at the state level. Finally, we 
suggest that research and conservation efforts should be increased on Espírito Santo coast, and that 
conservation actions should be implemented across the whole Brazilian coast. 
 

Keywords: Cabot’s Tern, Status, Conservation, Threat, Extent of occurrence, Area of occupancy, 

Size population, Brazil. 

 

Introduction   

The ornithological literature contains scarce information on Cabot’s Tern (Junge and Voous 

1955). The species (now Thalasseus acuflavidus; Efe et al. in press) breeds on the Caribbean and 

Atlantic coasts of North and South America. Its range extends from the southern USA, Caribbean 

along the coasts of Colombia, Venezuela, Surinam, Brazil, and Uruguay south to Argentina as far as 

Puerto Deseado (Escalante 1973, Shealer 1999).  

 Antas (1991) identified the Cabot’s Tern as the most vulnerable coastal species in Brazil, 

due to extensive egg collection by fishermen. Since then, this species has been the focus of some 

studies and conservation initiatives. The Andorinhas do Mar Project curtailed egg collection in 

Espírito Santo, mainly through inspections and education (Efe et al. 2000); however, the long-term 
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survival of the Cabot’s Tern remains uncertain. This paper evaluates the conservation status of T. 

acuflavidus in Brazil and discusses its current threat level. 

 

Methods and Data Analysis 

Our evaluation of the conservation status of the Cabot’s Tern follows the criteria and 

categories established by the IUCN (IUCN 2008). The IUCN categories and criteria are defined for 

the global evaluation of a taxon. However, these definitions can also be appropriate for regional use 

(Gärdenfors et al. 2001). In this paper we review information on the conservation status, including 

taxonomic level, main threats, area and extent of occurrence, and current population size in Brazil 

and we followed the orientations suggested by Gärdenfors et al. (2001) for the evaluation at the 

national and regional level. 

In this analysis, we treat T. acuflavidus as a valid species, following the proposition 

presented in Efe et al. (in press) which showed, using a thoroughly molecular phylogenetic analysis, 

that the European and American T. sandvicensis are distinct species and proposed to validate the 

treatment of the American acuflavidus/eurygnathus complex as Cabot’s Tern, Thalasseus 

acuflavidus.  

According to Birdlife International (2001), the extent of occurrence is defined as the area 

contained within the shortest continuous imaginary boundary which can be drawn to encompass all 

the known, inferred or projected sites of present occurrence of a taxon, excluding cases of vagrancy. 

For the estimate of the extent of occurrence in this analysis we used the following reasoning: coastal 

breeders usually forage from tidal creeks and estuaries to ocean waters, usually close inshore, but 

occasionally ranging across the continental shelf (Gochfeld and Burger 1996). Since studies shown 

that other terns can be found until 25 km offshore (Pearson 1968, Veen 1977, Bugoni and Vooren 

2004), we considered this distance for the estimate of the extent of occurrence of the Cabot’s Tern 

in Brazil. 
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Area of occupancy is the area inside the extent of occurrence which is occupied by a taxon, 

excluding cases of vagrancy. This category reflects the fact that a taxon will not usually occur 

throughout its extent of occurrence, which may contain unsuitable or unoccupied habitats. In some 

cases the area of occupancy is the smallest area essential at any stage to the survival of existing 

populations of a taxon (BirdLife International 2001). For the estimate of the area of occupancy in 

this analysis we used the following reasoning: according to Shealer (1999) most breeding birds 

forage at a maximum distance of ~15-25 km from their breeding sites (mean value of 20 km). 

Bugoni et al. (2005) showed that Common Tern on their wintering ground in southern Brazil fed 

over waters 10-20 m depth, corresponding to 8 km from the coast. Therefore, we considered for the 

estimate of the area of occupancy of the Cabot’s Tern in Brazil a circular area around the breeding 

sites with 20 km of ray (i.e., area of 1,256 km2) and as feeding area the distance of 8 km of shore. 

 

Results and Discussion 

Using the above definition, the Cabot’s Tern is distributed all along the Brazilian coast 

(~6.100 km). Therefore, in this analysis, we estimate the extent of occurrence as the area contained 

within the imaginary boundary of 6,100 km of extension for 25 km of width, i.e., 125,500 km2. 

However, this area is not completely occupied for the Cabot’s Tern. Breeding colonies have 

recently been located in south and southeast of Brazil. A review of historical records of nesting 

distribution indicates that Cabot’s Terns have bred in at least 16 breeding sites in Brazil (Table 1) 

and was registered in more four feeding areas considered important for the species (Figure 1) during 

the non-breeding period. Therefore, in this analysis, the area of occupancy in the appropriate scale 

of the 20 suitable habitats with relevant biological aspects of the taxon was estimate for 16 breeding 

sites in 20,096 km2. For the feeding sites (Mangue Seco beach with 240 km2; Coroa Vermelha 

island with 201 km2; Coast of Paraná with 856 km2 and Rio Grande do Sul’s coast 4,960 km2), the 

total area is 6,257 km2.  
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Therefore, both the estimated extent of occurrence and area of occupancy are larger than the 

necessary limits for inclusion in the criteria for Critically Endangered, Endangered or Vulnerable. 

 

Table 1. Location and size (in breeding pairs) of Cabot’s Tern colonies in coastal Brazil. Nests correspond to the last 

available census. All locations where terns have bred in the past are listed. 

Number in 
Map 

(Figure 1) 

State 
Site Location 

Size  
(nº nests) 

Year Source 

3 Espírito Santo Pacotes Is. 20º21'S,40º16'W NC 1994 1 
4  Escalvada Is. 20º42’S,40º24’W 6500 1996 1 
5  Itatiaia Is. 20º21’S,40º17’W 1500 1996 1 
6  Branca Is. 21º00’S,40º47’W 5000 1990 1 
7 Rio de Janeiro Papagaios Is. 22º24' S,41º48' W NC 1981  2 
8  Rio-Niteroi Bridge 22º52'S,43º10’W 66 2001 3 
9  Casa da Pedra Is. 22º47'S,43º08'W NC  3 

10 São Paulo Prainha Is. 23º51’S,45º25’W 75 U 4 
11  Apara Is. 23º50’S,45º33’W 25 U 4 
12  Laje de Santos Is. 24º19’S,46º11’W 142 U 4 
13  Castilho Is. 25º17’S,47º57’W 40  5 
14  Figueira Is. 23º55’S,45º18’W NC 1985 2 
15 Paraná Itacolomis Is. 25º50’S,48º24’W 100 1995 6 
17 Santa Catarina Deserta Is. 27º16'S,48º20'W 65 1999 7 
18  Moleques do Sul Is. 27º51’S,48º26’W 200 2000 7 
19  Cardos Is. 27°48'S, 48°34'W 76 2002 7 

Notes: NC: not assessed; 1 - Efe et al. (2000); 2 - Antas (1991); 3 - Alves et al. (2004); 4 - Campos 
et al. (2004); 5 - Olmos et al. (1995); 6 - Krull (2004); 7 - Branco (2003). 
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Figure 1. Records of T. acuflavidus in South American Atlantic coast. Adapted from Efe et al. 

(2000).  Sources in Efe et al. (2000) and Table 1. Status: O = occurrence and important feeding 

areas, R = breeding areas. Localities: 1- Mangue Seco beach; 2- Coroa Vermelha island; 3- Pacotes 

island; 4- Itatiaia Archipelago; 5- Escalvada island; 6- Branca island; 7- Papagaios island; 8- Rio-

Niteroi Bridge, 9- Casa da Pedra island; 10- Prainha island; 11- Apara island; 12- Laje de Santos 

island; 13- Castilho island; 14- Figueira island; 15- Itacolomis island; 16- Coast of Paraná; 17- 

Deserta island; 18- Moleques do Sul island; 19- Cardos island; 20- Coast of Rio Grande do Sul 

(Bugoni e Vooren, 2005). 
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Following the orientations suggested by Gärdenfors et al. (2001) for the evaluation in the 

national and regional level we analyzed questions such as: contact of the national population with 

the neighboring populations; capacity of dispersion of the species; abundance and threats in the 

neighboring populations; differences in local adaptation between the national and foreign 

populations; the environmental situation within each country/region; environmental conditions in 

the country for immigrants' establishment and probabilities for recolonization within 100 years in 

case the species is extinguished at the country. 

 

Contact with the neighboring populations 
 

The extent of possible hybridization between North and South American Cabot’s Tern 

specimens has been documented quantitatively (see Hayes 2004) and the migration between nearby 

colonies has been demonstrated (Shealer 1999, Efe et al., 2000). Efe et al. (unpublished results) 

show a high gene flow between a Brazilian and a North American population, supporting the 

contact of the Brazilian population with Northern populations. On the other hand, notwithstanding 

the South American populations are in close contact in some localities in Brazil (e.g., Lagoa do 

Peixe, RS), which is constantly used for both populations as a feeding site (Efe et al., 2000, Bugoni 

e Vooren, 2005) and individuals banded in Brazil have been captured in feeding sites at Argentine 

and Uruguay and vice-versa (Efe et al., 2000), Efe et al. (unpublished results) show a lower gene 

flow between the Brazilian and Argentinean populations they studied. They suggested that 

difference in breeding season could explain this low level of gene flow between these two 

populations. 

 

Capacity of dispersion of the species 
 

Most terns are migratory and some tropical species, including some Cabot’s Tern 

populations, move great distances during the non-breeding period (Gochfeld and Burger 1996). 



Ecologia, História Evolutiva e Conservação de Thalasseus sandvicensis 

 94 

Cabot’s Tern in Brazil show a post-breeding dispersal moving along the northeastern coast of Brazil 

and southern coast of South America, including Argentina (Efe et al., 2000), showing an excellent 

capacity for long-distance dispersion. 

 

Abundance and threats in the neighboring populations 
 

The total census population of Cabot’s Tern worldwide may be less than 80,000 pairs. The 

North American population is estimated in about 47,000 pairs (Shealer 1999); the Caribbean about 

8,000 pairs (Norton 1984); 1,700-3,470 pairs from Aruba; 1,200 pairs for Guiana (data compiled by 

Shealer, 1999); and the Argentinean population is about 10,000 pairs (Yorio and Efe 2009).  

Egg collection and disturbance at breeding sites are among the main factors limiting 

reproductive success of terns (Gochfeld and Burger 1996, Shealer 1999) and main threats to the 

species include also predation by Gulls, fisheries, egging and introduced predators (Gochfeld and 

Burger 1996). On Punta León (Argentina), Kelp Gulls were the main predators of eggs of the Royal 

Tern (Thalasseus maximus) and the Cabot’s Tern, decreasing reproductive success in all colonies 

studied (Quintana and Yorio 1997).  

 

Differences in local adaptation between the national and foreign populations 
 

Ecological variability is common in Cabot’s Tern, revealing important differences necessary 

to the adaptation in the different geographic areas. In the U.S. and Gulf coasts, they typically nests 

on low, sandy, flat islands close to shore (Oberholser, 1974, Visser and Peterson, 1994). In the 

Caribean region the breeding sites are flat islands situated in an extensive saline lagoon of shallow 

water or on bare coral rocks and patches of coral debris and sand and a few elevated rocks locally 

covered with thorny scrub and opuntias. The breeding grounds in Brazil have low shrub vegetation 

with cactaceans predominating (Efe et al., 2000). In Argentina colonies are characterized by 

extensive cliffs 30-100 m high and gravel beaches along the shoreline (Yorio et al., 1998). In the 
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U.S., Cabot’s Tern usually nests in dense groups among Royal Tern, T. maximus, Laughing Gulls, 

Larus atricilla, and sometimes Black Skimmers, Rynchops niger (Shealer, 1999). In North Carolina 

and Caribe it breeds with the Royal Tern (McGinnis and Emslie, 2001, Hayes, 2004) and Roseate 

Tern, S. dougallii. In Brazilian coast breeding occur in mixed colonies with the South American 

Tern, S. hirundinacea (Efe et al., 2004). The colonies of Argentina are located within the Kelp Gull 

colony in mixed colonies with the Royal Tern (Quintana and Yorio, 1997). Breeding season also 

differs between colonies, in most U.S. and Caribbean colonies first adults arrive in late April or 

early May (Shealer, 1999.) The terns in Brazilian colonies also began to arrive in mid-April and the 

settlement at the colony site occurs from May onwards. In mid-September birds begin to leave the 

colonies and after the end of October they are rarely found on the coast of the State of Espírito 

Santo (Efe, 2004). However, in Argentina, Cabot’s terns started to arrive in mid-September 

(Quintana and Yorio, 1997) and the breeding activity has been registered until January (Escalante, 

1970). 

 

Environmental situation within Brazil 
 
 Several breeding colonies on islands on the Rio de Janeiro coast have been abandoned due 

to disturbances caused by fishermen, and the Espírito Santo colonies have been depopulated by 

constant egg collection by local fishermen (Antas 1991). The Brazilian coast has also suffered 

severe environmental degradation in recent decades. Coastal islands are particularly vulnerable to 

degradation since they are used by both fishermen and tourists visiting from the mainland. In some 

areas, however, weather and predation also limit the reproductive success of Cabot’s Terns. Here, 

we summarize the primary threats affecting each of the main nesting areas along the Brazilian coast.  

 A recent analysis found that on the islands of Espírito Santo, storms are the most common 

cause of mortality (Efe et al. 2005). The Rio de Janeiro islands colonies are also disturbed by 

humans and, the eggs and chicks being predaded by both native (Coragyps atratus and Larus 
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dominicanus) and introduced predators (cats and mice). Cabot’s Terns have also used the pillars of 

the Rio-Niterói Bridge for breeding (Alves et al. 2004). On the São Paulo coast, Cabot’s and other 

terns species are threatened due to disturbance in nesting colonies and roosting sites. Egg collection, 

fire and intense human presence in the beaches and in the sea increase the susceptibility of these 

colonies (Campos et al. 2004). On the Paraná coast, Cabot’s Terns feed on fish discarded by 

fishermen, but their nesting colonies are often disturbed by fishermen and tourists (Krul 2004). On 

Deserta island (27º16’23” S 48º19’53” W - part of the Federal Biological Reserve), on the Santa 

Catarina coast, the main threat to Cabot’s Terns is predation by Kelp Gulls (Branco 2003). Kelp 

Gull predation on eggs and nestlings is well-known in June and July on Deserta island, and has 

forced birds to abandon the colony (Branco 2004).  

Kelp Gulls are widely distributed in the Southern Hemisphere, breeding in South America, 

southern Africa, Australia, New Zealand, on sub-Antarctic islands, and on the Antarctic Peninsula 

(Burger and Gochfeld 1996). In Brazil, Kelp Gulls breed from the coast of Santa Catarina north to 

the coast of Rio de Janeiro, rarely reaching the Espírito Santo coast. In fact, the absence of Kelp 

Gulls, in addition to conservation activities and abundant food, is considered to be responsible for 

the reproductive success of colonies on the Espírito Santo coast. 

It is important to evaluate the potential of the national population to be self-sustaining or if 

it dependents on immigration for its long-term survival. However, during the past 20 years, only a 

few studies have been conducted on important topics such as basic reproductive biology and 

population dynamics of this species (Shealer 1999). For example, a study from 1993 to 1997 

showed an annual population growth of 1.051% and an intrinsic rate of population growth, r, of 

0.199 in Escalvada island, in Brazil (Efe et al. 2005), showing a low capacity of self-sustaining and 

some immigration dependence. 
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Environmental conditions in the country for establishment of immigrants and probabilities 

for recolonization 

The distribution of Cabot’s Tern in Brazil was poorly known until 1963, when breeding 

colonies were first identified (Sick and Leão 1965). Cabot’s Terns have a limited breeding 

distribution restricted to small coastal islands that are vulnerable to unpredictable environmental 

conditions. The breeding distribution of the Cabot’s Tern is highly fragmented in some areas, and 

the species is known to breed at no more than ten truly representative locations (p.e. Espírito Santo 

colonies). Continuing declines have been documented in the quality of habitats, the total area of 

occupancy, and the total number of locations or subpopulations.  

The majority of the Brazilian population is restricted to the Espírito Santo coast, on the 

islands of Escalvada, Itatiaia, and Branca (Table 1). In addition, several smaller colonies exist that 

are used by different subpopulations; population estimates of these colonies rarely surpass a few 

hundred individuals. From the six islands that Cabot’s Terns nest on the Espírito Santo coast (500 

km), four are protected by the Andorinhas do Mar Project; however, reproductive success has been 

low on two of them for several years. On the Rio de Janeiro (635 km), São Paulo (390 km), Paraná 

(107 km), and Santa Catarina coasts (670 km), small breeding colonies are threatened by human 

intervention and by Kelp Gull predation. They feed in areas that are heavily used by fishermen and 

contaminated by marine pollutants. All these factors turn more and more difficult to maintain the 

necessary prerequisites for the immigrants' establishment in the available areas in the country. 

 

Evaluation and suggestion of status  

As a comparison, the estimated population of the Elegant Tern (T. elegans) is between 

51,000 and 90,000 individuals; 95% of these breed on Isla Rasa in the Gulf of California, and small 

populations breed on other islands. IUCN classifies this species as Near Threatened, and population 

fluctuations are considerably less than one order of magnitude (BirdLife International 2008). The 
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total population of Sterna balaenarum (Near Threatened) was estimated at 14,000 birds, and its 

breeding colonies suffer considerable human disturbance (BirdLife International 2008).  

The population of Sandwich Tern (T.  sandvicensis) in Great Britain is 14,000 pairs with an 

additional 4,400 pairs in Ireland (Ratcliffe et al. 2000). The continental European breeding 

population is between 82,000 and 130,000 pairs, and underwent a moderate decline between 1970–

1990 (BirdLife International 2004). The UK Government's wildlife adviser (JNCC) considers the 

conservation status of T. sandvicensis to be precarious, and recommends general protection of 

breeding grounds. The IUCN currently classifies this species as Least Concern; however it includes 

the data of the American populations, which now must be deducted and transferred to T. 

acuflavidus. 

Although for one side the estimated extent of occurrence and area of occupancy in Brazil are 

larger than the necessary limits for inclusion in the criteria for Critically Endangered, Endangered 

or Vulnerable, for the other the serious trends that have been quantified, the estimated population 

around 16,000 individuals, and, the alarming and recent extirpation of the Cabot’s Tern in several 

areas of the Brazilian coast, all suggest that the Brazilian population may be in greater danger in the 

foreseeable future. For these reasons we suggested that Cabot’s Tern does merit classification in 

category VULNERABLE at the national level and may qualify as ENDANGERED at the state 

level.  

Regional lists of conservation status directly reflect the status of local populations, and can 

be used to suggest necessary conservation measures for specific situations (Lins et al. 1997). 

Therefore, we suggest that conservation efforts be increased in the research and conservation 

programs in Espírito Santo coast, and that conservation actions should be implemented across the 

entire Brazilian coast. 
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CONSIDERAÇÕES FINAIS 
 

Todos os anos milhares de aves de Thalasseus sandvicensis eurygnathus e de Sterna 

hirundinacea usam as ilhas costeiras do litoral sul do Espírito Santo para reproduzirem, entre os 

meses de maio e setembro. Além da compilação das informações já publicadas pelo autor sobre a 

ecologia reprodutiva do trinta-réis-de-bando, bem como das outras espécies de aves marinhas que 

ocorrem no litoral do Espírito Santo, dados inéditos apresentados aqui possibilitaram a identificação 

e descrição dos principais eventos comportamentais relacionadas à côrte do trinta-réis-de-bando. As 

ilhas costeiras do litoral sul do Espírito Santo, ao longo dos anos vinham sofrendo uma enorme 

degradação de seus ecossistemas por estarem próximas ao continente urbanizado e receberem 

visitas periódicas de pescadores e turistas que ateavam fogo à vegetação insular. As atividades 

visando à proteção dos sítios de reprodução foram importantes como iniciativa de conservação 

dessas espécies e funcionam como catalisador de uma postura conservacionista, que vem 

contribuindo para a melhoria da qualidade de vida das populações litorâneas, pois a presença de 

colônias de reprodução de aves migratórias em ilhas próximas a costa, é um evidente indicador 

biológico das condições de conservação dos ecossistemas costeiros no estado do Espírito Santo.  
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Em 13 localidades, a maioria localizada na Argentina, o trinta-réis-de-bando e o trinta-réis-

real nidificam em associação, muitas vezes com os seus ninhos entremeados. A população total do 

trinta-réis-real foi estimada em 750 pares no Brasil e menos de 5.000 na Argentina, enquanto que a 

população total do trinta-réis-de-bando foi estimada em 8.000 pares no Brasil e menos de 10.000, na 

Argentina. As principais ameaças enfrentadas pelas respectivas populações, em ambos os países são 

a perturbação por humanos, a predação por parte do gaivotão, Larus dominicanus, a pesca 

predatória, a coleta de ovos e a introdução de predadores. 

Nossos dados corroboram a monofilia do gênero Thalasseus e indicam que a população 

européia e as americanas de Thalasseus sandvicensis são altamente divergentes e se agrupam em 

clados filogenéticamente distintos dentro do gênero Thalasseus. Estes resultados sugerem 

fortemente que o atual arranjo taxonômico do complexo T. sandvicensis / acuflavidus / eurygnathus 

como uma única espécie ou como uma espécie no hemisfério norte (T. sandvicensis) e outra no 

hemisfério sul (T. eurygnathus) são inapropriados, demandando um novo arranjo no qual as  

populações européias e as americanas sejam consideradas como duas espécies diferentes. Nós 

propomos, portanto a validação do tratamento do complexo acuflavidus / eurygnathus como um 

táxon nominado Thalasseus acuflavidus.  

No estudo da variabilidade genética do trinta-réis-de-bando nas Américas a partir de 

seqüências nucleotídicas de DNA mitocondrial e nuclear, além de microsatélites verificou-se que a 

diversidade do MtDNA é baixa na espécie como um todo, com a população dos EUA sendo 

divergente das demais populações da Argentina e Brasil, as quais não são diferenciadas. Todas as 

três populações apresentam sinais de efeito gargalo e expansão populacional, com as populações 

sulamericanas apresentando uma expansão a cerca de 30.000 anos atrás. Por outro lado, dados de 

microsatélites sugerem um forte e recente fluxo gênico entre as populações do Brasil e EUA e, um 

baixo fluxo entre as populações do Brasil e Argentina. Estes resultados sugerem a ocorrênca de uma 

zona de hibridização entre o Brasil e a América do Norte. A diferença entre os períodos 
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reprodutivos no Brasil e Argentina pode ser importante no recente isolamento destas aves costeiras, 

sugerindo que a alocronia pode ser um processo negligenciado na formação da biodiversidade 

Neotropical. 

Na avaliação do estado de conservação da espécie após a revisão de vários parâmetros 

incluindo o nível taxonômico, as principais ameaças, a área e a extensão de ocorrência e o atual 

tamanho populacional, recomendamos que a espécie seja categorizada como Vulnerável no nível 

nacional e como Ameaçada no nível regional. Finalmente sugerimos que esforços de pesquisa e 

conservação sejam ampliados na costa do Espírito Santo e que ações semelhantes de conservação 

sejam implementadas ao longo da costa brasileira.  
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