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RESUMO

O presente trabalho teve como objetivo analisar os grandes grupos de crustaceos capturados
com armadilha luminosa ao longo de 5 anos no ambiente recifal da praia de Tamandaré, em
Pernambuco, descrever a diversidade de crustaceos bentonicos capturados, analisar a variacdo
temporal das larvas de Brachyura e Anomura, além de verificar quais os fatores determinantes
que influenciam a chegada delas na baia de Tamandaré e descrever as espécies novas que
ocorreram ao longo do estudo. As coletas foram realizadas mensalmente no periodo de
outubro/2011 até abril/2016, através da técnica de captura por armadilhas de luz conica do tipo
CARE®. Foram marcados trés pontos com 250 m de distancia entre eles no complexo recifal
de Tamandaré. As armadilhas foram instaladas por trés dias consecutivos no fim do p6r-do-sol,
numa profundidade local de 8 a 12 metros, permanecendo aproximadamente 12 horas em
subsuperficie de 1 m de profundidade, sendo assim retiradas ao amanhecer. Foram coletados
dados abidticos de temperatura, pluviosidade, direcdo do vento, velocidade do vento, swell,
luminosidade da lua e nebulosidade. Os grandes grupos foram classificados em: Amphipoda,
Cumacea, Isopoda, Mysida, Axiidea, Caridea, Dendrobranchiata, Achelata, Portunidae,
Megalopa, Zoea, Copepoda, Ostracoda e Stomatopoda. O grupo Mysida foi mais abundante e
frequente. Houve diferencas significativas entre os periodos do ano e entre anos, mostrando
uma padronizacdo na distribuicdo temporal desses animais. O grupo dos bentdnicos
apresentaram 52 espécies, mostrando a grande eficacia das armadilhas luminosas para a captura
de organismos bentbnicos (epifauna, infauna e fossoriais), apesar da distancia do fundo marinho.
A ordem Isopoda obteve o maior nimero de espécies (19), sendo um novo registro para a costa
de Pernambuco, Cymodoce barrerae. Trés novas espécies foram descritas, Cleantioides
garciachartoni sp. nov., C. pandemus sp. nov. e C. tamandarensis sp. nov. Estas espécies sao
distinguidas pela forma do pleotelson e ornamentacéo dos pereidpodos. O género Cleantioides
foi descrito pela primeira vez para o sudoeste do oceano Atlantico e a familia Holognatidae foi
registrada pela primeira vez para a costa brasileira. Os Amphipoda obtiveram 12 espécies,
dentre elas duas possiveis espécies novas de Metharpinia. As larvas de Decapoda foram
identificadas ao menor nivel taxondmico possivel. A serie temporal mostrou que as larvas
apresentam os picos com cerca de 8 meses de intervalo, independente da época do ano. As
megalopas de Pachygrapsus transversus foram as mais abundantes, seguido da Zoea | de
Epialthidae. A abundancia das larvas apresentou relagcdo significativa negativa com a
velocidade do vento, e positivas com a presenca de swell e a temperatura. Esta tese fez

contribuigdes pioneiras sobre diversidade e variagdo temporal das comunidades de crustaceos



capturados com armadilhas luminosas no sudoeste do oceano Atlantico e em recifes de regides
tropicais, trazendo resultados elucidativos sobre a dindmica dessa comunidade. As armadilhas
luminosas sdo muito eficientes para coletar crustaceos, possuem um baixo custo e sdo
ferramentas Uteis para fazer um monitoramento da biodiversidade local sem causar danos ao

meio ambiente.

Palavras-chave: unidades de conservacdo; crustacea; Atlantico Sul; macrofauna; estudo de

longa duracéo.



ABSTRACT

The present study aimed to analyze the diversity of great groups of crustaceans captured with
light traps over 5 years in the reef environment of Tamandaré beach, in Pernambuco, to describe
the diversity of benthic crustaceans, to analyze the temporal variation of Brachyura larvae and
Anomura, in addition to verifying the determining factors that influence their arrival in the
Tamandaré bay and describing the new species that occurred throughout the study. The
collections were carried out monthly from October/2011 to April/2016, using the CARE® type
conical light trap capture technique. Three points were marked with a distance of 250 m
between them in the reef complex of Tamandaré beach. The traps were installed for three
consecutive days at the end of the sunset, at a local depth of 8 to 12 meters, remaining
approximately 12 h in the subsurface of 1 m in depth, being removed at dawn. Abiotic data
were collected on temperature, rainfall, wind direction, wind speed, swell, moonlight and
nebulosity. The great groups were classified into: Amphipoda, Cumacea, Isopoda, Mysida,
Axiidea, Caridea, Dendrobranchiata, Achelata, Portunidae, Megalopa, Zoea, Copepoda,
Ostracoda and Stomatopoda. The most abundant group was Mysida and also the most frequent.
There were significant differences between the seasons and the years, showing that there is a
pattern in the temporal distribution of these animals. The benthic group had 52 species, showing
the great effectiveness of light traps for capturing benthic organisms (epifauna, infauna and
fossorial). The order Isopoda had the highest number of species (19), with 1 new record for the
coast of Pernambuco, Cymodoce barrerae. Amphipoda obtained 12 species, among them 2
possible new species of Metharpinia.Larvae identified to the lowest possible taxonomic level.
The time series showed that the larvae present peaks at different times of the year, about 8
months apart from one peak to the next. The megalopa of Pachygrapsus transversus were the
most abundant, followed by Zoea | of Epialthidae. Larvae abundance showed significant
relationships with wind speed, presence of swell and temperature. Three new species were
described, Cleantioides garciachartoni sp. nov., C. pandemus sp. nov. and C. tamandarensis
sp. nov. These species are distinguished by the shape of the pleotelson and ornamentation of
the pereiopods. The genus Cleantioides was recorded for the first time from the southwestern
Atlantic Ocean and the family Holognatidae was recorded for the first time from Brazilian coast.
This thesis made pioneering contributions to crustacean communities captured by light traps in
the southwestern Atlantic Ocean and in tropical reef environments, bringing results that can

elucidate more about the dynamics of crustacean communities. Light traps are very efficient to



collect crustaceans, have a low cost and are capable of monitoring local biodiversity without

causing damage to the environment.

Keywords: conservation units; crustacea; South Atlantic; macrofauna; long-term study.
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1 INTRODUCAO

«+ Ambientes recifais

Os recifes ocupam cerca de 0,02% de toda area oceénica e dentro dessas areas estdo
abrigadas aproximadamente 25% das espécies marinhas conhecidas, sendo um dos
ecossistemas mais diversos, juntamente com o mar profundo (Sala & Knowlton, 2006;
Plaisance et al., 2009). No Brasil, os recifes ocupam 3.000 km da costa, da latitude 00°50’S a
018°00’S, e sao divididos quatro regides principais de recifes: 1) recifes da regido Norte, 2) os
recifes da costa nordeste, 3) os recifes da costa leste e 4) os recifes das ilhas oceénicas (Leéo et
al., 2003; Ferreira et al., 2013).

O ecossistema recifal estd entre os sistemas mais complexos e de maior importancia
ecoldgica do ambiente marinho. Este ambiente fornece reflgio, alimento e prote¢do a fauna que
ali vive. Também é bercério para diversas espécies marinhas (Grenfell, 1997; Enoques, 2012).
Os recifes trazem grandes beneficios as populacGes costeiras, como a pesca de subsisténcia e
extrativismo, o turismo, atividades cientificas e educacdo e produtos farmacéuticos (Spurgeon,
1992; Carté, 1996; Birkeland, 1997; VVan Beukering, 2004; Ferreira et al., 2006).

As atividades antrépicas desordenadas vém degradando os ambientes recifais em larga
escala, prejudicando comunidades inteiras e até levando espécies a extincdo (Amaral &
Jablonski, 2005). Uma das maneiras de combate maneira para combater essas atividades €
aumentar as informacdes cientificas acerca deste ambiente. Com esta finalidade, foi
desenvolvido pela Diretoria de Areas Protegidas do Ministério do Meio Ambiente do Brasil
(DAP-MMA) um projeto para a conservagdo dos recifes de coral, mapeando os recifes rasos
das Unidades de Conservacao (UC’s) e intensificando as atividades de pesquisas nessas areas
(Prates, 2006), uma vez que essas sdo fundamentais para o conhecimento do ambiente como

um todo, incluindo a biodiversidade associada.

o Crustaceos

Os invertebrados sdo bem representados nos recifes de coral, superando o nimero de
especies de peixes (Stella et al., 2011; Kramer et al., 2014). Um dos grupos de invertebrados
de grande destaque sdo 0s crustaceos, eles desempenham um importante papel ecoldgico dentro

dos recifes, tais como: participam de varios niveis tréficos, contribuem para a produtividade,
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defendem os corais contra predadores e, até, removem 0s parasitas dos peixes (Cowles et al.,
2009; Kramer et al., 2014).

A maioria dos crustaceos apresentam no seu ciclo de vida estagios larvais plancténicos.
Os estagios larvais de um caranguejo da infraordem Brachyura, a fase de zoea possui cinco
estagios, o que difere os estagios € o nimero de cerdas no maxilipede, a zoea 1 com quatro
cerdas, zoea 2 com seis cerdas, zoea 3 com oito cerdas, zoea 4 com 10 cerdas e zoea 5 com 12
cerdas. O estagio seguinte € de megalopa esse é o Ultimo estagio larval e logo se torna habil ao

assentamento (Boltovskoy 1981) (Fig.1).

Figura 1 - Desenvolvimento larval do caranguejo do género Uca, infraordem Brachyura. Destacando
0s estagios larvais de zoea 1-5 e as cerdas do maxilipede, e o estagio megalopa

y O . 4 1 Megalopa
4V Ayt
0457 A A ’Z 2! | | ¥
y I 7 /7 Y
( 7 v \
M e
/ / '
Cerdas do Maxilipede Zoea 5 {
. I ‘\ - %
\ | 4
® ' \Va4
'y W
7' &, { A
9 i o .
V <oy 4N
» A P 4 )
L/
’ P > ‘:'. 1 mm

Fonte: Rodriguez & Jones (1993) - modificado.

Durante esse periodo as larvas ficam vulneraveis a varios fatores ecoldgicos (taxas de
mortalidade, predacdo, disponibilidade de alimento, migracdo vertical) e fisico-quimicos (luz,
fases da lua, temperatura, salinidade, velocidade e direcdo dos ventos, correntes) (Sastry, 1983;
Anger, 2001; Queiroga & Blanton, 2005). Alguns grupos seguem até a fase adulta no plancton,
sendo chamados de holoplanctonicos, e outros, apds algumas fases de metamorfose, assentam-
se no bentos e sdo classificados como meroplanctdnicos. O estudo das larvas de crustaceos pode
trazer informacdes importantes sobre os adultos que vivem na regido e o periodo reprodutivos

destas populacgdes (Anger, 2006).
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Dentre os fatores que influenciam no comportamento dos crustaceos a luz é um
importante componente. Nos olhos, geralmente compostos, os estimulos luminosos sdo
recebidos por fotorreceptores retinais e extra-retinais, esses estimulos podem ativar 0s
cromatoforos (ou cromatocitos) e gerar mudancas de cor nos individuos (Binkley, 1988; Rollag,
1988; Nery & Castrucci, 2002). Também pode influenciar a temperatura corpérea, fator
fundamental para a producdo de hormdnios que controlam a distribuicdo pigmentar (Hoglung
et al., 2002), energia para locomocéo, forrageamento e competicao por parceiros sexuais (Huey
& Kingsolver, 1989; Nery & Castrucci, 2002).

Para a comunidade, a luz influencia na migragéo vertical e na ascendéncia na coluna
d’agua (Hamner & Carlenton, 1979), devido ao fototropismo, muitas espécies sao atraidas pela
luminosidade. Pequenas diferencas na intensidade luminosa, como as fases lunares, podem
causar mudancas na composicdo de comunidades bentbénicas e zooplanctdnicas que estdo

realizando a migracdo vertical noturna (Alldredge & King, 1980; Santos et al., 2019).

+ Armadilhas luminosas

A metodologia de captura através de armadilhas luminosas, tém um efeito positivo na
atracdo e captura de crustaceos zooplanctdnicos, nectdnicos e benténicos (Hale, 1953; Jones,
1971; Jones et al., 1973, McLeod & Costello, 2017). Essa metodologia comecou a ser utilizada
na Grande Barreira de Corais e é considerada um instrumento fundamental na compreensao dos
padrdes de abundancia de larvas (Doherty, 1987; Milicich & Doherty, 1994). O baixo custo e
minimo impacto gerado para o ambiente fazem esse método ser atrativo para 0 uso em pesquisas.
(Holmes & O'Connor, 1988; Lecaillon, 2004; Mwaluma et al., 2009). Estas armadilhas
geralmente sdo de forma c6nica onde 0s organismos sao atraidos para a entrada, onde esta a luz,
e tem sua saida dificultada. O uso da luz artificial simula a luz da lua, importante fator de atracédo
para espécies que realizam algum tipo de migracdo (Tor et al., 2010) como é o caso dos

crustaceos (Fig. 2).



14

Figura 2 Armadilhas de luz modelo australiano (CARE® “Capture by Artificial Reef Eco-friendly”)

Fonte: Lecaillon, 2004,

A influéncia da intensidade luminosa sob comunidades zooplanctdnicas dos recifes de
Tamandaré, que realizam migracéo vertical noturna, ja foi descrita por autores como Melo et
al. (2010), onde as armadilhas foram colocadas no recife com a entrada das armadilhas viradas
para baixo. Estes autores encontraram diferencas significativas entre comunidades coletadas
em armadilhas com e sem luz, com maior densidade encontrada nas armadilhas com luz.
Estudos realizados na Australia reconheceram que a luz é o fator que mais influencia no
comportamento da comunidade, influenciando tanto a migracdo vertical diaria quanto a
ascendéncia na coluna d’agua (Hamner & Carlenton, 1979). Estudos em ambientes recifais
demonstraram que pequenas diferencas na intensidade luminosa, como em noites com lua
versus noites sem lua, podem causar mudancas na composicdo de comunidades bentdnicas e
zooplanctoénicas que realizam migracdo vertical noturna (Alldredge & King, 1980, Porter et al.,
2008). Nessas comunidades sdo encontradas muitas espécies de peixes recifais (larvas e
assentantes) e invertebrados bentbnicos, dentre 0s crustaceos os principais grupos foram

Mysida, Amphipoda, Isopoda e Decapoda.

1.1 AREA DE ESTUDO

A area de estudos esta localizada no municipio de Tamandaré, litoral sul de Pernambuco,
Nordeste do Brasil (Fig. 03). A regido apresenta o clima, de acordo com a classificagéo de
Koppen, do tipo As’ (tropical com verdo seco e inverno chuvoso). De acordo com Barletta &

Costa (2009) quatro periodos sdo reconhecidos para esta regido do Brasil: inicio do seco,
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(setembro a novembro), fim do seco (dezembro a fevereiro), inicio do chuvoso (mar¢o a maio)
e fim do chuvoso (junho a agosto).

O municipio de Tamandaré apresenta na area costeira dois rios principais, Formoso e
Mamucabas, e uma area de manguezal associada ao ecossistema recifal, 0s quais tém atividades
pesqueiras (Ferreira et al., 2006b). Interligadas a essa area existem zonas de mata atlantica,
restingas, pradarias de fanerégamas formando um mosaico interconectado (Ferreira et al.,
2004). A plataforma continental esta localizada no meio de uma margem continental passiva,
tem em média 40 km de extensdo e a quebra da plataforma esta numa isébata de 70 metros de
profundidade. A plataforma é tipicamente carbonética e pobre em sedimentos, apresentando
paleocanais submersos bem preservados (Camargo et al., 2015). Os recifes de Tamandaré estdo
dispostos em trés linhas paralelas a costa (Maida & Ferreira, 1997). Eles sdo de origem arenitica,
formados de maneira esparsa, dispostos paralelamente a costa e servem de substrato
consolidado para o crescimento de macroalgas e corais, base do ambiente recifal (Camargo et
al., 2007).

A Baia de Tamandaré esta localizada dentro da Area de Protecdo Ambiental (APA)
Costa dos Corais que se estende do municipio de Tamandaré - estado de Pernambuco até
Maceio - estado de Alagoas, e adentrando em direcdo a plataforma continental por 18 milhas
nauticas, totalizando uma érea de 404.279,93 hectares (ICMBio, 2021). E a maior unidade de
conservacao federal marinha em extenséo, e possui uma area recifal com exclusao de uso (area
de preservacdo da vida marinha), onde é proibida qualquer atividade comercial ou turistica,
sendo permitida a entrada com autorizacdo apenas para realiza¢do de pesquisas (Ferreira et al.,
2001). Como estratégia para protecdo da area foi criada uma unidade de Protecdo Integral o
Parque Natural Municipal do Forte de Tamandaré (PNMFT), consistindo na “Area Fechada de
Tamandaré” que faz parte do Programa de Pesquisa Ecologica de Longa Duragdo (PELD-
TAMS). As investigacOes desse projeto servem como base para subsidiar os planos de manejos.
Com essa finalidade, o presente estudo oferece informacbes de processos ecoldgicos que
acontecem na Baia de Tamandare, contribuindo para os estudos do PELD-TAMS e de manejo

da &rea.
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Figura 3 Mapa do complexo recifal de Tamandaré, estado de Pernambuco, localizado dentro do Area
de Protecdo Ambiental Costa dos Corais
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Fonte: Camila Brasil Louro da Silveira, 2019
1.2 HIPOTESE E OBJETIVOS
1.2.1 HipoOtese
A composicdo e diversidade dos crustaceos (larvas e adultos) capturados por armadilhas

luminosas varia interanualmente nos recifes da APA Costa dos Corais, Tamandaré -

Pernambuco.
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1.2.2 Objetivo geral

Fornecer informacgdes sobre a comunidade de crustaceos capturados por armadilhas
luminosas no complexo recifal de Tamandaré-PE, investigando a diversidade, 0s organismos
de habito bentbnico que realizam a migracgdo vertical, e a dindmica das larvas de Decapoda e
os fatores ambientais que influenciam a chegada destas larvas a baia de Tamandaré.

1.2.3 Objetivos especificos

+ lIdentificar os grandes grupos de crustaceos capturados por armadilhas luminosas,
analisando os picos de abundancia e a frequéncia dos grupos e relacionando com a
sazonalidade e variacdo anual ao longo dos cinco anos de estudo (Capitulo 1).

o Descrever as espécies de crustaceos benténicos capturados por armadilhas de luz no
Atlantico, com informacg6es taxon6micas, de abundancia e ocorréncia (Capitulo 2).

+ Analisar a variagdo temporal das larvas de Brachyura e Anomura, examinando a época do
ano da chegada das larvas (Capitulo 3).

+ Avaliar os fatores determinantes que influenciam na abundéancia das larvas no geral e nos
taxa mais abundantes (Capitulo 3).

+ Descrever novas ocorréncias e espécies coletadas através de armadilhas luminosas na baia

de Tamandaré. (Capitulo 4).

1.3 ESTRUTURA DA TESE

A presente tese mostra informacgdes sobre a comunidade de crustaceos em diferentes
fases de vida capturados por armadilhas luminosas no complexo recifal na baia de Tamandaré
litoral sul do estado de Pernambuco, explanando a biodiversidade e a variacdo temporal do
grupo em geral e das larvas de Decapoda.

Com esta finalidade foi feita uma Introdugdo Geral, falando sobre a importéncia das
areas recifais para a biodiversidade, fornecendo informacdes sobre a historia de vida, ecologia,
reproducéo dos crustaceos, além da importancia dos crustaceos bentdnicos e a migracéo vertical.
Neste capitulo também é fornecido informagdes e conceitos basicos de temas chaves dos

capitulos seguintes. Esta incluido neste capitulo os objetivos (geral e especifico) da tese.
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Na sequéncia as se¢des de 2 a 4, as quais sdo o desenvolvimento da tese e estdo em
formato de artigos cientificos, objetivando investigar o papel da biodiversidade de crustaceos e
a estrutura desta comunidade.

Na secdo 2, “Crustaceans captured by light traps in a tropical reef bay, brazil: a long-
term study case”, os crustaceos sdo apresentados em grandes grupos ¢ abordado abundancia e
chegada desses grupos as armadilhas ao longo dos 5 anos de estudo, ainda relacionando esta
abundancia ao regime pluviométrico, uma vez que a area de estudo esta localizada em uma
regido tropical, onde nédo hé estacdes do ano bem definidas (primavera, verdo, outono e inverno),
as estacdes sdo divididas basicamente entre periodos seco e chuvoso.

Na secdo 3, cujo titulo é “Diversidade de crustaceos bentdnicos capturados por
armadilha luminosa na area recifal da baia de Tamandaré¢, , Pernambuco, Brasil” apresenta um
checklist dos crustaceos bentdnicos que ocorreram durante o estudo, sendo o primeiro checklist
de crustaceos benténicos. Foram avaliados a abundéncia, frequéncia e a eficicia de captura de
organismos bentdnicos por armadilhas luminosas. Neste capitulo houve a registro de espécies
Cymodoce barrerae (Isopoda, Sphaeromatidae) e Cyclapsis alba (Cumacea, Bodotriidae) para
a regido nordeste, além de duas possiveis novas espécies para a ciéncia do género Metharpinia
(Amphipoda, Phoxocephalidae) que precisam ser descritas.

A secdo 4 da tese trata da variagdo temporal das larvas de Decapoda (Variagéo temporal
das larvas de Decapoda capturadas por armadilhas luminosas na baia de Tamandaré). A
metodologia de armadilhas luminosas empregadas no estudo é capaz de atrair as larvas deste
grupo que, por sua vez, possuem importancia econémica, além de ecoldgica. As larvas foram
identificadas ao menor nivel taxonémico possivel, levando em consideracdo a escassez de
estudos descritivos de estagios larvais de decapodes, principalmente no estagio de megalopa
(Gltimo estéagio larval). Também foram feitos testes estatisticos para testar a relacdo e influéncia
de fatores abidticos na abundancia dessas larvas.

As consideragdes finais apresentam as conclusoes relativas ao trabalho. Uma viséao geral
dos capitulos de desenvolvimento e suas contribuicdes para a ciéncia. Além de dar sugestfes
sobre conservagao e monitoramento da biodiversidade e do meio ambiente como um todo. Esta
tese contribui e aprofunda o conhecimento dos crustaceos de ambientes recifais, oferece
informacdes que podem subsidiar projetos de conservacdo e manejo em areas recifais e em
unidades de conservacdo marinhas.

O Anexo A, trata-se do artigo fruto da tese “Three new species of the genus Cleantioides
Kensley & Kaufman, 1978 (Isopoda: Valvifera) from Brazil, with new record of the family

Holognathidae from Brazil”, o qual publicado no periddico Journal of Natural History.
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Podemos contar com a descricdo de trés espécies novas (Cleantiodes garciachartoni,
Cleantiodes pandemus e Cleantiodes tamandarensis). Este artigo registra oficialmente pela
primeira vez a ocorréncia do género Cleantiodes para o Atlantico Sudoeste do Atlantico e o

primeiro registro da familia Holognathidae para a costa do Brasil.
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2 ARTIGO 1 - CRUSTACEANS CAPTURED BY LIGHT TRAPS IN A TROPICAL
REEF BAY, BRAZIL: A LONG-TERM STUDY CASE

RESUMO

As armadilhas luminosas sdo um método de amostragem passivo capaz de capturar organismos
vivos. E considerado uma ferramenta chave ndo somente para compreender a ecologia larvas,
mas também organismos zooplanctdnicos, nectbnicos e invertebrados bentdnicos
migradores. O presente trabalho teve como objetivo analisar a diversidade de grandes grupos
de crustaceos capturados com armadilha luminosa ao longo de 5 anos no ambiente recifal da
baia de Tamandaré, em Pernambuco. As coletas foram realizadas mensalmente no periodo de
outubro/2011 até abril/2016 durante a lua nova, através da técnica de captura por armadilhas de
luz cbnica do tipo CARE. Foram marcados trés pontos com 250 m de distancia entre eles no
complexo recifal da praia de Tamandaré. As armadilhas foram instaladas por trés dias
consecutivos no fim do pér-do-sol, numa profundidade local de 8 a 12 metros, permanecendo
aproximadamente 12h em subsuperficie de 1 m de profundidade, sendo retiradas ao amanhecer.
Os dados de pluviosidade foram obtidos através do site da Agéncia Pernambucana de Agua e
Climas (APAC). Foram contabilizados 23.393 individuos, classificados em 14 grupos:
Amphipoda, Cumacea, Isopoda, Mysida, Axiidea, Caridea, Dendrobranchiata, Achelata,
Portunidae, Megalopa, Zoea, Copepoda, Ostracoda e Stomatopoda. Na maioria dos anos houve
picos de abundancia entre 0s meses de janeiro e abril, sendo que nos anos de 2012 e 2015, anos
que ocorreram o el nifio, alguns grupos apresentaram picos nos meses de junho e julho, estes
anos tiveram um ponto em comum que a baixissima pluviosidade em abril e maio, para alguns
grupos o pico de abundancia vem sempre depois de um periodo muito seco. O grupo mais
abundante foi Mysida, seguido de Caridea, Megalopa, Portunidae, Zoea, Amphipoda, Isopoda
e Stomatopoda. Os Mysida, Caridea, Portunidae e Megalopa foram os mais frequentes. A
PERMANOVA indicou diferencas significativas entre as estacfes do ano e entre 0S anos,
mostrando que ha uma padronizacéo na distribuicdo temporal desses animais, mas variagoes

fisico-quimicas podem alterar esses padrdes para alguns grupos.

Palavras-chave: armadilhas luminosas, plancton, benténico migrador, Crustacea, macrofauna.
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ABSTRACT

The light trap is a passive sampling method capable of retaining living organisms. It is
considered a key tool to understanding not only the abundance patterns of fish larvae but also
the capture of zooplanktonic, nektonic, and benthic marine invertebrates. The objective of this
work was to analyze the diversity of crustaceans captured with light traps in a long-term
experiment (5 years) in the reef environment at Tamandaré Beach, Pernambuco, in order to
understand how the community is structured. The collections were performed monthly from
October 2011 to April 2016 in the new moon, using the conical light trap CARE. Three points,
250 m apart, were established between reefs complex of Tamandaré beach. The traps were
deployed for three consecutive days at sunset, at a depth of 8 to 12 meters, remaining
approximately 12h in subsurface 1m deep, thus being removed at dawn. The rainfall data were
obtained through the website of Agéncia Pernambucana de Agua e Climas (APAC). The
relative abundance and frequency of occurrence were calculated. To verify differences between
years and seasons PERMANOVA was applied to the abundance data. A total of 23,393
specimens were classified into 14 groups: Amphipoda, Cumacea, Isopoda, Mysida, Axiidea,
Caridea, Dendrobranchiata, Achelata, Portunidae, Megalopa, Zoea, Copepoda, Ostracoda, and
Stomatopoda. In the majority, there were peaks of abundance between the months of January
and April, and in the years 2012 and 2015 some groups showed peaks in the months of June
and July. These years had a point in common that the very low rainfall in May of April, for
some groups the peak of abundance always comes after a very dry period. The most abundant
group were Mysida, followed by Caridea, Megalopa, Portunidae, Zoea, Amphipoda, Isopoda
and Stomamtopoda. Mysida, Caridea, Portunidae and Megalopa were the most frequent.
PERMANOVA indicated significant differences in the factors seasons and years, showing that
there is a standardization in the temporal distribution of these animals, but physical-chemical

variations may alter these patterns for some groups.

Keywords: light traps, plankton, migratory benthic, crustacea, macrofauna.

INTRODUCTION

The light trap is passive equipment for sampling and retention of living organisms
attracted by light in both terrestrial and marine environments, and generates little impacts on
the environment (Szentkiralyi, 2002; McLeod & Costello, 2017). This characteristic makes this
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method ideal to be applied in areas of environmental protection and in reef environments, due
to the complex characteristics of these environments.

One of the groups of invertebrates that most stands out with this type of capture is the
crustaceans mainly of the orders Mysida, Amphipoda, Isopoda, and Decapoda, being the last
one of great economic importance (McLeod & Costello, 2017). Light can influence crustacean
communities in several ways since one of the peculiar characteristics of crustaceans is the
presence of retinal and extra-retinal photoreceptors (Binkley, 1988; Rollag, 1988). The
crustaceans’ behavior is connected directly to the photoreceptor capability which influences
body temperature, consequently the hormone production that rules the pigment distribution
(Hoglung et al., 2002), locomotion energy, foraging, and competition for sexual partners (Huey
& Kingsolver, 1989). Another influence that light can exert is in the daily vertical migration,
many organisms, both benthic and zooplanktonic, go to the surface at night attracted by
moonlight (Alldredge & King, 1980; Santos et al., 2019). The main reason for this bottom-up
migration is mating (Fincham, 1970a, 1972; Jones, 1973) and low risk of visual predation
(Holzman & Genin, 2003).

The light traps were adopted due to their proven effectiveness on larval studies of
several marine organisms, including crustacean larvae (Roegner et al., 2003; @resland, 2007,
Shanks & Roegner, 2007, McLeod & Costello, 2017), settlers of benthic crustaceans (Lecaillon,
2004; Doherty, 1987a; Thorrold, 1992; Lecaillon & Lourié, 2007; McLeod & Costello, 2017;
Failletaz et al., 2020) and migratory benthic adults (McLeod & Costello, 2017). These studies
on pelagic larvae, in addition to providing a better understanding of the biology of animals,
distribution and ecology of adult populations (Kdéster et al., 2001; Zhou et al., 2011), also bring
important information such as biomass, fertility, and recruitment (Zhou et al., 2011). Porter et
al. (2008), comparing light traps with plankton nets for sampling crustacean larvae on the west
coast of the United States, observed that the light trap is more effective than plankton nets in
monitoring the larvae abundance, identifying peaks of abundance that were not seen in the
plankton net samples.

The use of light traps for the study of crustaceans has been occurring in several places in
the world, such as on the west coast of the United States (Roegner et al., 2003; Porter et al.,
2008), Alaska (Herter & Eckert, 2008), eastern coast of Canada (Sigurdsson et al., 2014),
Panama (Granek & Frasier, 2007), Kenya (Mwaluma et al., 2009), Korea (Chang, 2012),
Antarctica (Kawaguchi et al., 1986) Australia (Fincham, 1974; Smith etal., 1979; Tranter et al.,
1981; Meekan et al., 2000, 2001, Carleton et al., 2001), Sweden (Q@resland, 2007). Most of the
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work was carried out in temperate regions and a few in tropical regions, where the
environmental dynamics are quite different.

Along the Brazillian coast most studies have focused on larval stage of fish, as in the
South and Southeast (Matsuura & Olivar, 1999; Katsuragawa et al., 2006) and recently in the
Northeast region (Grande et al., 2019). One important study, concerning the light trap technique,
was done by Melo et al. (2010). These authors carried out a comparative study on the demersal
zooplankton community, with several groups including crustaceans, in reef environments in
Pernambuco (Northeast of Brazil), using traps with and without artificial light and found
significant differences among investigated communities. The highest densities were found in
the traps with artificial light. Studies on crustaceans using this method are still scarce and
necessary, due to the possibility of evaluating the recruitment of organisms and the connection
between the reef environment and the surrounding areas (Porter et al. 2008).

Light trap studies can provide information that allows allocating, adjusting sizes, and
spacing of marine reserves, supporting the development of management plans more suitable for
the exploitation of species of economic interest (Le Corre et al., 2012). A better management
plan will guarantee ecological and fisheries sustainability, maintaining ecosystem integrity,
especially for species of economic interest.

Thus, the present work aims to describe a five-year variation in a tropical reef crustacean
community captured by light traps from Northeast Brazil, being the first work using this
metodology to collect crustaceans in Brazil. Aspects as diversity, abundance, frequency,

seasonal and interannual variation were accessed in this study.

MATERIAL AND METHODS

Study Area

The study area is located within the MarineProtected Area (MPA) Costa dos Corais (the
first and largest Brazilian conservation unit to protect part of coastal reefs) that extends from
the municipality of Tamandaré (State of Pernambuco) (8°42°16"S and 35°04°40"W) to Macei6
(State of Alagoas) (9°32°51"S and 35°36°59"W), comprising 18 nautical miles offshore the
continental shelf, totalizing an area of 404,279.93 hectares. This MPA includes a no-take area
that is also part of the Marine Municipal Park of Tamandaré, where fishing and tourist activity
are prohibited (Ferreira et al., 2001; Ferreira & Maida, 2006).
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The coral reefs in this region grow on top of beachrocks, arranged parallel to the coast,
and serve as a consolidated substrate for the growth of macroalgae, the basis of the reef
environment (Ferreira & Maida, 2006; Grande et al., 2019). The region presents the climate,
according to the Koppen classification, of the As' type (tropical with dry summer and rainy
winter). According to Barletta and Costa (2009), 4 seasons can be recognized: Early Dry (ED)
(September to November), Late Dry (LD) (December to February), Early Rainy (ER) (March
to May), and Late Rainy (LR) (June to August).

Field procedure

The samples were carried out monthly between October/2011 and April/2016, using
light traps of the CARE® type (“Capture by Artificial Reef Eco-friendly”, ECOCEAN;
www.ecocean.fr), the traps are composed of a conical net of PVC mesh with 2 meters length
and a funnel in the middle, an LED light (55w) and a floating block (Failletaz et al., 2020).
Three points (sample replicates) were marked, with a distance of 250 m between them. Point 1
is at coordinate 8°46'26,90"S 35°5'38,10"W, point 2 at 8°46'19,60"S 35°5'37,50W and point 3
at 8°46'14,50 " S 35°5'31.50W (Fig. 01). The traps were installed for three consecutive days at
sunset during the new moon. The traps were fixed in a transversal way in the navigational access
channel of the Tamandaré Bay (between two reef areas), at a depth of 8 to 12 meters, remaining
submerged at 1m, for 12h, being removed at dawn (modified by Carassou & Ponton, 2007).



25

Figure 1 Map of the study area between the reefs of Tamandaré Bay, Pernambuco, Brazil, showing the
three points (# 1, # 2, and # 3) where light trap collections were carried out between October / 2011 and
April / 2016.
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Fonte: Henrique Grande, 2019.

Laboratory procedure

The collected material was taken to the laboratory, being stored in plastic vials, preserved
in 70% ethanol, and labeled with the sample date and the trap number. With the aid of a
stereomicroscope, the crustaceans were separated from other phyla and identified in high
taxonomic levels (order or family when possible) and counted.

Data analysis

The pluviometry data were collected on the website of the Pernambuco Water and
Climate Agency - APAC (https://www.apac.pe.gov.br/e.gov.br/). The historical pluviometry
was analyzed over a 15-year span to verify the rainfall pattern in the study area. Additionally,
a month-average rainfall was calculated for each studied year (2011-2016) to verify its
influence over the crustacean community.

Precipitation data variation between years was compared with analysis of variance (one-
way ANOVA). The frequency of occurrence was calculated based on the formula: Fo = (n *
100 / N); where n is the number of samples where the taxon was registered and N the total
number of samples. For Relative Abundance (AR) the formula AR = (n * 100 / N) was used,

where n is the total number of individuals in the taxon and N the total number of crustaceans.
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To verify differences of seasons and years, PERMANOVA was applied to the abundance
data, with the data transformed into a fourth root and used the Bray-Curtis similarity to generate
the similarity matrix in the statistical package Primer V.6.

Statistical significance was standardized at a.= 0.05.

RESULTS
Abiotic factors

The historical average pluviometry over the 15-year period (2002- 2016) shows the
seasonal pattern of rainfall in the Tamandaré region (Fig. 2). Historically, the Late Dry season
(LD) depicts a low amount of rain (~ 200mm), which increases gradually toward the Early Rain
(ER) (around 160 mm). In May (252.25 mm) rainfall level soars, reaching its peak in June
(341.05 mm) that marks the beginning of the Late Rain season (LR). The LR is characterized
by a considerable decrease in rainfall levels (from 254.23 to 154.99 mm, in July and August,
respectively). At the Early Dry season (ED) the average decreased steadily remaining below 50
mm reaching the lowest level in November (22.05 mm).

In 2011, the phenomenon La Nifia was very strong and the months of April, May, and
July had high-intensity rain being well above the historical average; however, the other months
remained near the overall pattern. Nevertheless, in 2012, the months of March, April, and May
stayed far below the rainfall average, but the other months were within expectations. In 2013,
the first semester was below average, the second semester was above average, however, the
months of February and March were well under average, and July was well over average. In
2014, in the months of June and July, which are the rainiest months, the level of rainfall was
under average, while the months of September and October, which are within the driest months,
were quite rainy, the rainfall in these months was like the months of June and July of that same
year. In 2015 was a year with many fluctuations, but the biggest highlight was in the months of
April and May when the rainfall reamined well under historical average. Finally, in 2016, the
rainfall was around the historical average throughout the year, except for the months of June,

July, and August which were well under the average.
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Figure 2. Monthly rainfall in the years 2011, 2012, 2013, 2014, 2015, 2016, and the average of
15 years (2002- 2016) in the region of Tamandaré- Pernambuco, Brazil.
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Diversity

A total of 23,393 individuals were collected, classified into 14 groups of Crustacea,
distributed in three classes: Copepoda Milne Edwards, 1840; Ostracoda Latreille, 1802;
Malacostraca Latreille, 1802. Within Malacostraca four orders of Peracarida Calman, 1904
(Amphipoda Latreille, 1816, Cumacea Krgyer, 1846, Isopoda Latreille, 1817, Mysida Boas,
1883), one of Eucarida Calman, 1904 (Decapoda Latreille, 1802) and one of Hoplocarida
Calman, 1904 (Stomatopoda Latreille, 1817) were identified. The first two orders (Peracarida
and Eucarida) were the most representative with 11,542 and 11,261 specimens each. Among
the Decapoda individuals were separated into the suborders Dendrobranchiata Spence Bate,
1888 and Pleocyemata Burkenroad, 1963 (infraorders: Achelata Scholtz & Richter, 1995;
Axiidae de Saint Laurent, 1979; Caridea Dana, 1852 and Brachyura Latreille, 1802 [juvenales
of Portunidae Rafinesque, 1815; megalopa and zoea]) (Tab. 2).

Frequency of Occurrence and Relative Abundance

The most frequent groups (>50%) of Crustacea in the samples were Mysida (86.61%),
Megalopa (81.63%), Caridea (71.12%), Portunidae (70.60%), Amphipoda (58.0%), Isopoda
(53.28%). Stomatopoda (48.29%), Dendrobranchiata (26.24%), Zoea (14.96%), Axiidae
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(12.86%) and Achelata (11.02%) were present in less than 50% of the samples,
whereas Ostracoda (5.77%), Copepoda (1.04%) and Cumacea (0.52%) were registered in less
than 10% of samples (Tab. 02).

Concerning the relative abundance of the groups, the most abundants were Mysida
(41.76%), Megalopa (15.72%), Zoea (12.14%) and Caridea (11.59%). The remaining groups
Portunidae (6.96%), Amphipoda (5.13%), Stomatopoda (2.67%), Isopoda (2.43%) and
Dendrobranchiata (1.13%) reached less than 10%, and Axiidae (0.37%), Achelata (0.22%),
Ostracoda (0.21%), Cumacea (0.02%) and Copepoda (0.02%) achieved less than 1% (Tab. 02
and Fig. 03).

Table 2 Total abundance (N), relative abundance (RA), and frequency of occurrence (FO) of
crustaceans captured by light trap in Tamandaré Bay, Pernambuco, Brazil between the years
2011 and 2016.

Groups N | RA (%) | FO (%)
Mysida 9769 | 41.76 86.61
Megalopa 3678 | 15.72 81.63
Zoea 2839 | 12.14 14.96
Caridea 2711 | 11.59 71.12
Portunidae 1629 | 6.96 70.60
Amphipoda 1200 | 5.13 58.00
Isopoda 568 2.43 53.28
Stomatopoda 531 2.67 48.29
Dendrobranchiata | 265 1.13 26.24
Axiidea 87 0.37 12.86
Achelata 52 0.22 11.02
Ostracoda 49 0.21 5.77
Copepoda 5 0.02 1.04
Cumacea 5 0.02 0.52

Fonte: Aurinete Oliveira Negromonte, 2022.
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Figure 3 Relative abundance of Crustacea groups collected in Tamandaré Bay, Pernambuco, Brazil
between the years 2011 and 2016, which obtained values above 1%, those that obtained values below

1% were grouped and named “Others”.
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Fonte: Aurinete Oliveira Negromonte, 2022.

The temporal variation of the most abundant groups (over 50%) was also evaluated. Mysida
showed abundance peaks at ED season in 2011 and 2013, LR in 2012 and 2015, LD in 2014,
and ER in 2016 (Fig. 04A). The order Isopoda (Fig. 04B) peaked at the ED season in 2011, LD
in 2012, 2013, 2015, and 2016, ER in 2014. The family Portunidae (Fig. 04C) presented the
highest abundance in the ED in 2011, ER in 2012 and 2014, LD in 2013 and 2016, and LR in
2015. The Brachyura zoeas (Fig. 04D) were registered only in a few months of sampling and
peaked at the LD season in 2011 and 2013, ER in 2012, 2014, 2015, 2016. Amphipoda (Fig.
04E) displayed peaks at LD in 2011 and 2013, LR in 2012 and 2015, and ER in 2014 and 2016.
Stomatopoda group (Fig. 04F) had its peaks in ED in 2011, LR in 2012, LD in 2013, 2015, and
2016 and ER in 2014. The megalopa larval phase of the Brachyura (Fig. 04G) peaked in the
ED in 2011, LR in 2012, LD in 2013, 2015, and 2016 and ER in 2014. Finally, Caridea (Fig.
04H) had its apex at ED in 2011, LR in 2012 and 2015, ER in 2013 and 2016, and LD in 2014.
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Figure 4 Temporal variation of groups of crustaceans collected in Tamandaré Bay, Pernambuco, Brazil,
between the years 2011 and 2016. A) Mysida; B) Isopoda; C) Portunidae; D) Zoea; E) Amphipoda; F)
Stomatopoda; G) Megalopa and H) Caridea
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Fonte: Aurinete Oliveira Negromonte, 2022.

The PERMANOVA indicated significant differences in the interaction between the
years and seasons, showing that there were temporal variations in the structure of the crustacean
communities captured by the light traps (Tab. 03). The differences between 2011, the La nifia
year, and the other years (except 2013) were significant; 2012 was different from all other years;
2013 did only not differ from 2011, finally, 2014 and 2015 differed from each other and from
the other years (except 2016). (Tab. 04).

The season division proposed by Barletta & Costa (2009) settled well on the overall
community results, with distinct ones leading each period (dry and rain periods). Early and Late
Rain were not different from each other only during the years 2011 and 2013. The analyzes
made to evaluate the difference between the seasons in each year showed that: in 2011 there
was a significant difference between seasons ED and LD; in 2012 between all seasons except
between ED and LD; in 2013 there was a difference between all seasons; in 2014 there was a

difference only between ED and ER; in 2015 it showed significant differences between LD and
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LR and also ER and LR; in 2016, there were no differences between the seasons (LD and ER)
(Tab. 05).

Table 3 The PERMANOVA results of the temporal variation of the years and seasons of
collection and their interactions applied on the similarity matrix of Bray Curtis (p <0.05), of the
Crustacea samples, collected by the light trap in the Tamandaré bay, Pernambuco, Brazil.

Source | df SS MS | Pseudo-F | P(perm)

Year 5 29239 |5847,9| 57671 | 0,0001
Se(Ye) 13 | 50116 |3855,1| 3,8018 | 0,0001
Res 362 | 3,6707E5 | 1014
Total | 380 | 4,5182E5

Fonte: Aurinete Oliveira Negromonte, 2022.

Table 4 The PERMANOVA results of the temporal variation and differences between the years
of collection applied on the similarity matrix of Bray Curtis (p <0.05) of the samples of
Crustacea collected by the light trap in the Tamandaré bay, Pernambuco, Brazil. In bold, P

values with a significant difference.

Groups t P(perm) | Unique perms | P(MC)
2011, 2012 | 2.1268 | 0.0014 9959 0.0015
2011, 2013 | 1.5213 | 0.0567 9963 0.0635
2011, 2014 | 1.9067 | 0.0031 9960 0.0051
2011, 2015 | 2.2944 | 0.0005 9946 0.0004
2011, 2016 | 1.972 0.0027 9957 0.0051
2012,2013 | 2.7167 | 0.0001 9960 0.0001
2012, 2014 | 3.5483 | 0.0001 9943 0.0001
2012, 2015 | 2.2877 | 0.0005 9956 0.0001
2012, 2016 | 2.3769 | 0.0002 9959 0.0003
2013,2014 | 2.8368 | 0.0001 9958 0.0001
2013,2015 | 2.0705 | 0.0059 9959 0.0018
2013, 2016 | 2.2432 | 0.0005 9956 0.0004
2014,2015 | 1.6564 | 0.0295 9965 0.023
2014, 2016 | 1.3588 | 0.1101 9960 0.1155
2015, 2016 | 0.85337 | 0.5809 9947 0.5692

Fonte: Aurinete Oliveira Negromonte, 2022.
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Table 5 The PERMANOVA results of the temporal variation and differences between the
seasons of the years in each collection year applied on the Bray Curtis similarity matrix (p

<0.05). In bold, P values with a significant difference.

Groups t P(perm) | perms | P(MC)
2011

ED,LD | 1.7304 | 0.0189 | 9942 | 0.0283
2012

ED, LD | 1.1494 | 0.2947 | 9967 | 0.2952
ED,ER | 1.7196 | 0.0199 | 9963 | 0.0219
ED, LR | 2.2339 | 0.0004 | 9954 | 0.0018
LD, ER | 2.1305 | 0.0006 | 9973 | 0.0034
LD, LR | 2.3037 | 0.0004 | 9957 | 0.0009
ER, LR | 2.8201 | 0.0001 | 9960 | 0.0001
2013

ED, LD | 2.8527 | 0.0001 | 9950 | 0.0001
ED,ER | 2.2788 | 0.0015 | 9951 | 0.0014
ED,LR | 2527 | 0.0002 | 9956 | 0.0002
LD, ER | 1.7167 | 0.0189 | 9953 | 0.0242
LD, LR | 3.7911 | 0.0001 | 9948 | 0.0001
ER,LR | 2.7669 | 0.0002 | 9942 | 0.0001
2014

ED, LD | 0.78209 | 0.6982 | 9945 | 0.6664
ED,ER | 2.1374 | 0.0011 | 9948 | 0.0014
LD, ER | 1.4818 | 0.0524 | 9946 | 0.0631
2015

ED,LD| 15721 | 0.1051 & 28 |0.1122
ED, ER | 0.99304  0.4282 | 45 |0.4043
ED,LR | 1.2519 K 0.1889 | 78 |0.2097
LD, ER | 0.67503 | 0.8142 | 2892 | 0.7375
LD, LR | 2.2533 | 0.0003 | 6806 | 0.0034
ER,LR | 1.8611 | 0.0033 | 9350 | 0.023
2016
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‘LD, ER‘ 1.0111 ‘ 0.4226 ‘ 9939 ‘0.3741‘

Fonte: Aurinete Oliveira Negromonte, 2022.

DISCUSSION

In tropical and subtropical regions, rainfall is the main factor that controls the distribution,
abundance, and dynamics of phytoplankton, and, also, the intensity of rain is inversely
proportional to temperature, transparency, salinity, and chlorophyll o (Sassi, 1991;
Varadharajan, 2013) that are important factors connected with the abundance and distribution
of crustaceans (Varadharajan, 2013). In 2011 it was not possible to carry out the whole sample
design due to the high intensity of rain. According to Dos Santos-Sousa et al. (2013), who
evaluated historical data over a 50 years span, same as in the present study, the year of 2011
was classified as “very rainy”, standing out from the other years of its decade. Irregularities in
rainfall are frequent in coastal regions (Moura & Passavante, 1994), but the phenomenon of El
Nifio and La Nifia intensifies the remarkable rainy and dry periods in the Northeast of Brazil.
According to the Oceanic Nifio Index (ONI), 2011 was under effect of a “strong” La Nifia
phenomenon, which is reflected in the high levels of rainfall during the rainy season (ER and
LR). In 2015, the El Nifio was (ONI) classified as “very strong”, causing a period of less rain,
during the dry season, in the Northeast of Brazil (Marengo et al., 2016).The rainfall balance
along the year roles the dynamic of some groups of crustaceans that, in tropical regions, are
known about their incubation and spawning events taking place during the dry period, due to
the more favorable conditions (high temperatures and winds and weak currents and low
turbidity). Furthermore, physico-chemical factors influence the crustaceans, as it affects oxygen
consumption, metabolism, hormones, growth and moulting, survival of crustaceans (Medesani
et al., 2001) and consequently in the abundance peaks of these animals.

The light traps captured several groups of zooplanktonic and benthic crustaceans, both
larvae and adults. It is a static methodology, being ideal for collecting samples in sensitive
environments such as coral reefs (McLeod & Costello, 2017). This trap accumulates specimens
for many hours (Porter et al. 2008) and can retain a great richness of species and different larval
stages. This type of methodology proved to be efficient in sampling and monitoring processes
of fish larvae and marine invertebrates (mainly, migratory benthic animals that have great
importance in the trophic web), which are links between primary producers and organisms of

higher trophic levels (McLeod & Costello, 2017). Endobenthic fauna migrates at night to feed
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and reproduce (Lock et al., 1999), while zooplankton avoids being close to the bottom to
prevent predation by corals at night (Santos et al., 2019).

The diversity of crustaceans found in the present study corroborates previous studies
such as that of Mwaluma et al. (2009), who used similar methodology and observed the
presence of several groups of crustaceans (Amphipoda, Caridea, Copepoda, Brachyura larvae,
larvae lobster, Mysida, Ostracoda, Stomatopoda) likewise the present study. There are also
records of other groups of crustaceans caught by these traps; Cumacea (Hale, 1953; Zismann,
1969; Fincham, 1974; Smith et al., 1979; Tranter et al., 1981; Kawaguchi et al., 2009; Carleton
etal., 2001; Meekan et al., 2001; Granek & Frasier, 2007; Tor et al., 2010; Costello et al., 2015),
Euphausiacea (Jones, 1971; Fincham, 1974; Meekan et al., 2001; Carleton et al., 2001; Granek
& Frasier, 2007; Kawaguchi et al., 2009; Tor et al., 2010; Sigurdsson et al., 2014; Costello et
al., 2015), Leptostraca (Tor et al., 2010), Tanaidacea (Zismann, 1969; Granek & Frasier, 2007;
Kawaguchi et al., 2009; Tor et al., 2010; Costello et al., 2015), Cirripedia (Jones, 1971; Carleton
etal., 2001; Granek & Frasier, 2007; Costello et al., 2015). However, the groups Euphausiacea,
Leptostraca, Tanaidacea, and Cirripedia did not occur in the current study, probably due to the
difference in the depth deployment, that was deeper than their studies (Zismann, 1969;
Fincham, 1974; Cartelon et al., 2001; Tor et al., 2010).

The abundance recorded for each group of crustaceans in the present study showed
peaks in most years between the months of January and April, which are within the LD and ER
seasons. The crustacean groups Mysida, Portunidae and Megalopa were frequent in all months
of collection, the others were present in most months (except Zoea), differently from what is
recognized for fish larvae that depicts peaks in specific months, without continuite throughout
the year (Grande et al., 2019). The groups Mysida, Megalopa, Caridea, Amphipoda, and
Stomatopoda in 2012 showed peaks of abundance in the Late Rainy season (June and July).
The same happened in 2015, peaks in LR (June and July), still with the groups Mysida, Caridea
and Amphipoda and also Portunidae. In two years, 2012 and 2015, the months leading up to the
period of June and July, were months when precipitation was well under the average. Normally,
the peaks of abundance are after a period of little rain, when there is an increase in primary
production, in the availability of food, and in the number of individuals in the local community.

The Mysida were the most abundant and dominant in the present study. Lock et al. (1999)
observed that this group was the most dominant among the Peracarids and its occurrence was
higher at night, which corroborates with the present study. A factor that influences the
abundance of mysids is the availability of food (Hanamura et al., 2009). The main source of

food for these animals are phytoplankton and zooplankton (Mauchline, 1980; Viherluoto, 2001,
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Yolanda & Lheknim, 2020), the increase in the biomass of these small organisms is associated
with physical-chemical elements and one of them is rainfall. The rainfall regime brings nutrients
from the rivers, making coastal environments a favorable location for increasing primary
production (Sassi, 1991). Fish predation also determines the density of mysids (Hostens & Mees,
1999; Boscarino et al., 2009; Castro et al., 2013). Grande et al. 2019 conducted the study with
fish larvae from the same samples that the present study, and the results showed that the highest
frequency of fish larvae is in the LD and ER season, during these mysids season reach high
abundance values. We can assume that during the intervals of the reproductive period of some
fish, it is the period of reproduction of the mysids, since the ichthyoplankton feed on adult
mysids.

Some benthic organisms are migrants and they have the ability to swim upward the
water column into the surface. This swimming pattern is already known to Amphipoda, as these
animals have a habit of going to the water column to mate (Fincham, 1970a, 1972; Jones, 1973).
The factors that influence this behavior are luminosity, tidal regime, lunar phases, temperature,
wind speed and direction (Fincham, 1974). The Amphipoda seen in the present study has a
migratory benthic habit, Fincham (1974) observed species of the infauna of the families
Lysianassidae Dana, 1849, Oedicerotidae Lilljeborg, 1865 and Phoxocephalidae G.O. Sars,
1891. The same behavior has also been recorded for the isopods Cirolanidae Dana, 1852
(Yannicelli et al., 2002) and Idoteidae Samouelle, 1819 (Alexander, 1988). The Cumacea were
not very abundant, this is associated with the low swimming capacity of this group since the
traps were installed on the subsurface (~1 m deep) in a location with an average depth of 10
meters. In other studies where there was a considerable abundance of this group, the traps were
placed close to the substrate (reefs) that allowed individuals to reach the traps (Hale, 1953).
According to Lock et al. (1999), these animals are more abundant in the mid-coast region. As
in this study, there were only eight individuals, they possibly came from rafts.

The Brachyura larvae, zoea and megalopa stages had a different frequency between
them, while the zoeas were infrequent, the megalopa was very frequent throughout the studied
period. Other studies have recorded the distribution of megalopa from the region close to the
coast to ocean waters (Lough 1976; Reilly 1988; Jamieson & Phillips 1988, 1993; Jamieson et
al. 1989; Mobbs et al. 1999). During our study, the animals that were captured by light traps
were stage I. In the study by Sigurdsson et al. (2014), the traps captured all 5 stages of Zoea
and megalopa of Carcinus maeanas Linnaeus, 1758, Cancer irroratus Say, 1817, and stages |
and IV of Homarus americanus H. Milne Edwards, 1837 lobsters. While @resland (2007),

found stages | and Il of Homarus gammarus (Linnaeus, 1758). Following that, we can propose
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that the zoea of Brachyura pass only their stage | in the Tamandaré bay, and in the other stages
they migrate to adjacent places, such as estuaries and open sea since these environments are
connected to the reefs of Tamandaré. Lobster post-larvae are strong swimmers and use this
ability to move to areas suitable for their development into adulthood (Cobb et al., 1989). In
laboratory experiments, Sigurdsson et al. (2014) observed that in this stage of life, lobsters
already have great swimming capacity, as they can get on and off the traps set up in the
laboratory several times, they estimated that 68% of the larvae entered and left the trap. With
this information and the result of a low abundance of post-larva puerulus, it can be said that
these post-larvae are present in the environment, but due to swimming behavior, they may have
left the traps.

The shrimps (Dendrobranchiata and Caridea) were very abundant in the current study;
furthermore, in several studies the swimming and migration capacity of some species has
already been described (Verwey, 1966; Teske et al., 2007). This behavior can vary according
to environmental changes, such as temperature and salinity (Verwey, 1966). According to Da
Silva (1986), during the Rainy period there was a stimulus to the recruitment of local species.
This may have occurred in the Tamandaré region, because in addition to being a tropical region,
it is also influenced by rivers, making it a suitable place for recruiting several species of shrimp.

The traps also attracted Portunidae crabs, this group has a great swimming capacity,
their fifth pereiopod is adapted for swimming (Melo, 1996), making it easier to get into the light
trap. The presence of this family, which is of great economic importance in northeastern Brazil
(Araujo et al., 2012), is already expected on the reefs of Tamandaré. A checklist made by
Coelho & Ramos-Porto (1995) identified in this region the species Areneus cribarius (Lamarck,
1818), Callinectes bocourti A. Milne-Edwards, 1879, Callinectes danae Smith, 1869,
Callinectes exasperatus (Gerstaecker, 1856), Callinectes marginatus (A. Milne-Edwards,
1861), Callinectes ornatus Ordway, 1863 and Achelous tumidulus Stimpson, 1871. The
brightness, in general, attracts the decapods. In a study conducted with the snow crab
(Chionoecetes opilio (O. Fabricius, 1788)), used light traps to confirm the influence of the light
on the species behavior (Nguyen et al., 2017; Nguyen & Winger, 2018).

Stomatopoda was present in the traps, mainly in the post-larvae phase, this group is
composed of active predators, they have a well-developed vision with very complex retinas
(Marshall & Oberwinkler, 1999). The movement of other animals around the traps can be one
of the attraction factors for stomatopods, being a suitable place for them to feed. The presence
of meroplanktonic post-larvae in the reef and channel areas between reefs was recorded in

studies of the marine zooplankton in the Tamandaré region, where they represented the fourth



37

group with the highest relative abundance in the channel region (Santos et al. 2019). The
nictimeral migration in search for food during the safest period, when predators are mostly
absent, is also already known to the group, being reiterated by the results obtained in the present
study using light traps. The identified post-larvae are from families (Pseudosquillidae Manning,
1977 and Nannosquillidae Manning, 1980) that live in burrows in the unconsolidated sediment,
adjacent to the reefs, or along the sublittoral area (see Lucatelli et al. 2012). These results
reinforce the important contribution of the reef regions as a nursery for the development of the

early stages as well as the adults of Stomatopoda.

CONCLUSION

The light trap is a simple methodology and has a great capacity to attract several groups
of crustaceans, from larvae to adult zooplankton and migratory benthic. Long-term studies can
identify the existence of a seasonal pattern in the dynamics of communities. The groups
normally show peaks of abundance in the first four months of the year (stations LD and ER),
however, in 2012 the Mysida, Megalopa, Caridea, Amphipoda, and Stomatopoda showed peaks
of abundance in the LR station. And in 2015 the same happened, with the same groups plus the
Portunidae group, for these groups the peaks of abundance have always been preceded by a
period of very low precipitation. The Mysida group was the one that stood out the most, being
the most dominant and abundant in the study. These crustaceans can be considered as good
indicators because, in addition to the abundance, they have shown to be sensitive to rainfall
dynamics. The relationship between seasons and sampled years showed significant differences,
suggesting that there is a pattern in the temporal distribution of these animals. The reef
environment has a great biodiversity of crustaceans, it is a habitat that provides food, refuge
and support for juveniles, among other resources. The application of this methodology can
assist in the knowledge of this group, supporting management plans to improve the exploitation

of fishery resources.
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3 ARTIGO 2 - DIVERSIDADE DE CRUSTACEOS BENTONICOS CAPTURADOS
POR ARMADILHA LUMINOSA NA AREA RECIFAL DA BAIA DE
TAMANDARE, PERNAMBUCO, BRASIL

Resumo

A luz é o fator fisico-quimico que exerce grande influencia na comunidade de crustaceos,
devido ao fototropismo, individuos deste grupo sdo atraidos e realizam a migracéo vertical
noturna, incluindo os de habito bentdnico. As armadilhas luminosas s&o bastante eficientes na
coleta destes individuos. Este trabalho teve como objetivo descrever a diversidade de crustaceos
bentdnicos capturados com armadilhas luminosas na baia de Tamandaré. As coletas foram
realizadas durante do projeto PELD Tamandaré mensalmente no periodo de janeiro/2012 até
abril/2016, usando as armadilhas de luz CARE®. Foram estabelecidos trés pontos e as
armadilhas foram instaladas no pdr-do-sol por trés dias consecutivos e fixadas de maneira
transversal no canal de acesso navegacional da Baia de Tamandaré, numa profundidade de 8 a
12 metros, permanecendo por 12h em subsuperficie 1m de profundidade, sendo assim retiradas
ao amanhecer. O material coletado foi conservado em alcool 70% e identificados ao nivel de
espécies. Foram calculadas a abundancia relativa e a frequéncia de ocorréncia e gerado um
grafico com a curva de rarefacdo de espécies. Um total de 6832 crustaceos bentdnicos foram
coletados, divididos em 25 familias, 32 géneros e 52 espécies. A ordem Isopoda obteve o maior
namero de espécies (19), sendo 1 novo registro para a costa de Pernambuco, Cymodoce
barrerae. Na sequéncia, Amphipoda obteve 12 espécies, dentre elas 2 possiveis espécies novas
de Metharpinia. Decapoda com 10 espécies e Stomatopoda com 8 espécies. Cumacea obteve
apenas 3 espécies, porém com um novo registro de Cyclapsis alba. Os Decapoda foram o mais
abundantes, tendo presente individuos juvenis da familia Portunidae. O segundo grupo mais
abundante foi Amphipoda, tendo presentes exemplares da infauna e fossoriais dentre eles 0s
Phoxocephalidae e Atylidae. Os Isopoda houve uma grande abundancia do género Excorallana,
mas também ocorreram grupos ectoparasitas que podem ter se desprendido dos seus
hospedeiros. Os individuos do grupo Cumacea podem ter sido levados as armadilhas por rafts,
uma vez que estes individuos foram pouco abundantes. Foram capturados apenas juvenis de
Stomatopoda, sendo que as espécies encontradas no presente estudo sdo caracteristicas de
ambientes recifais. As curvas de rarefacdo ndo atingiram um valor constante. Este estudo mostra
a grande eficacia das armadilhas luminosas para a captura de organismos bentdnicos, até mesmo
organismos que vivem enterrados ou em ecossistemas complexos como os recifes de corais.
Ademais, possui um baixo custo e sdo capazes de fazer um monitoramento da biodiversidade
local sem causar danos ao meio ambiente.

Palavras-chave: crustaceos bentbnicos; armadilhas luminosas; biodiversidade; area recifal;
macrofauna.

Abstract

Light is the physical-chemical factor that exerts great influence on the crustacean community,
due to phototropism, individuals of this group are attracted and perform vertical nocturnal
migration, including those with benthic habits. Light traps are quite efficient in collecting these
individuals. This work aimed to describe the diversity of benthic crustaceans captured by light
traps in Tamandaré Bay. The collections were carried out through the PELD Tamandaré project
monthly from January/2012 to April/2016, using CARE® light traps. Three points were marked
and the traps were installed at sunset for three consecutive days and fixed transversally in the
navigational access channel of the Tamandaré Bay, between 8 and 12 meters depth, remaining
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for 12 hours in the subsurface 1 meters deep, thus being removed at dawn. The material
collected was preserved in 70% alcohol and identified at species level. Relative abundance and
frequency of occurrence were calculated and a graph was generated with the species rarefaction
curve. A total of 6832 benthic crustaceans were collected, divided into 25 families, 32 genera
and 52 species. The order Isopoda had the highest number of species (19), with 1 new record
for the coast of Pernambuco, Cymodoce barrerae. Subsequently, Amphipoda obtained 12
species, among them 2 possible new species of Metharpinia. Decapoda with 10 species and
Stomatopoda with 8 species. Cumacea obtained only 3 species, but with a new record of
Cyclapsis alba. The Decapoda was the most abundant, with juvenile individuals of the
Portunidae family. The second most abundant group was the Amphipoda, with infauna and
fossorial specimens, including Phoxocephalidae and Atylidae. In the Isopoda there was a great
abundance of the Excorallana genus, but there were also ectoparasite groups that may have
shed their hosts. The individuals of the Cumacea group may have been taken to the traps by
rafts, since these individuals were not very abundant. Only juveniles of Stomatopoda were
captured, species found in the present study are characteristic of reef environments. The
rarefaction curves did not reach a constant value. This study shows the great effectiveness of
light traps for capturing benthic organisms, even organisms that live buried or in complex
ecosystems such as coral reefs. In addition, it has a low cost and is capable of monitoring local
biodiversity without causing damage to the environment.

Keywords: benthic crustaceans; light traps; biodiversity; reef area; macrofauna.

Introducéo

O ambiente recifal € um dos mais produtivos dos ecossistemas marinhos e sdo de grande
importancia ecolégica (Spalding et al., 2001). Também é considerado um dos ambientes com
mais alta diversidade, abrigando um quarto das espécies marinhas. (Glynn & Enochs, 2011;
Huang et al., 2011). Dentre os grupos de animais que habitam no ecossistema recifal podemos
destacar os crustaceos. Este grupo tem bastante sucesso, devido ao grande nimero de espécies
viventes e os diferentes habitats conquistados (marinho, terrestre e dulcicola). Essa
caracteristica traz uma variedade de padrGes de histéria de vida e diversas estratégias
reprodutivas (Sastry, 1983).

Um importante fator nas &reas recifais € a luminosidade, uma vez que esses ambientes
se desenvolvem, de modo geral, em aguas mais rasas (Al-Naema et al., 2015). Considerando
esse fator, os crustaceos apresentam uma caracteristica peculiar que é a presenca de
cromatéforos que sdo responsaveis pela mudanca de cor nesses individuos. Essa mudanca
normalmente ocorre quando ha um estimulo luminoso percebido por fotorreceptores retinais e
extra-retinais (Binkley, 1988; Nery & Castrucci, 2002). Essa recepcao de luz pode influenciar
na temperatura corpérea dos crustaceos, que € um fator importante para a producdo de
hormdnios que controlam a distribuicdo pigmentar (Hoglung et al., 2002), energia para

locomocdo, forrageamento e competicao por parceiros sexuais (Huey & Kingsolver, 1989).
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A luz é o fator fisico-quimico mais importante para a comunidade influenciando tanto
a migracao vertical diaria quanto a ascendéncia na coluna d’agua (Hamner & Carlenton, 1979),
devido ao fototropismo positivo, que faz com que muitas espécies sejam atraidas pela
luminosidade. Estudos realizados na Australia reconheceram que a luz é o fator mais importante
para esta comunidade, influenciando tanto a migracéo vertical diaria quanto a ascendéncia na
coluna d’agua (Hamner & Carlenton, 1979). Estudos em ambientes recifais demonstraram que
pequenas diferencas na intensidade luminosa, como em noites com lua versus noites sem lua,
podem causar mudancgas na composi¢cdo de comunidades bentdnicas e zooplancténicas que
estéo realizando a migracdo vertical noturna (Alldredge & King, 1980). Nessas comunidades
sdo encontradas muitas espécies de peixes recifais (larvas e assentantes) e invertebrados
bentbnicos, sendo esses ultimos representados principalmente pelas ordens Amphipoda,
Isopoda, e Decapoda.

O comportamento de natacéo de crustaceos bentdnicos ja foi relatado em vérios trabalhos
(Hale, 1953; Enright, 1963; Morgan, 1965; Jansson & Kallender, 1968; Fincham, 1970a, b,
1972, 1974; Preece, 1971; Jones et al., 1973). Em alguns trabalhos foi observado que as
armadilhas luminosas sdo bastante eficientes na coleta de peracaridos (Hale, 1953; Fincham,
1974; Jones et al., 1973). Apesar de ser considerado um método seletivo, é Util para coletar
esses pequenos crustaceos bem como os estagios de Decapoda (Fage 1933, Sheard 1941, Porter
et al. 2008, McLeod & Costello 2017).

O presente artigo tem como objetivo descrever a diversidade de crustaceos bentdnicos
capturados com armadilhas luminosas na area recifal da APA Costa dos Corais, localizada na
baia de Tamandare, Pernambuco, Brasil. Também comparando com espécies, géneros e
familias de crustaceos bentonicos que foram capturados através do método de armadilhas

luminosas em outros trabalhos ao redor do mundo.

Material e Métodos

A Baia de Tamandaré esta localizada dentro da Area de Protecio Ambiental (APA) Costa
dos Corais que se estende do municipio de Tamandaré, estado de Pernambuco, até Maceid, no
Estado de Alagoas, e adentrando em direcéo a plataforma continental por 18 milhas nauticas,
totalizando uma area de 404.279,93 hectares (ICMBio 2021). E a maior unidade de conservagéo
federal marinha em extensdo, e possui uma area recifal com exclusdo de uso (area de
preservacao da vida marinha), onde é proibida qualquer atividade comercial ou turistica, sendo

permitida a entrada com autorizacdo apenas para realizacao de pesquisas (Ferreira et al., 2001).
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As coletas foram realizadas durante do projeto PELD Tamandaré — Programa de Pesquisa
Ecoldgica de Longa Duracéo, mensalmente no periodo de janeiro/2012 até abril/2016, através
da técnica de captura por armadilhas de luz (CARE® “Capture by Artificial Reef Eco-friendly”,
Ecocean). Foram marcados trés pontos, com 250 m de distancia entre eles, no complexo recifal
da praia de Tamandaré. O ponto 1 se encontra na coordenada 08°46°26,90°’S 035°05°38,10”"W,
ponto 2 em 08°46°19,60°’S 035°05°37,50W e ponto 3 em 08°46°14,50°’S 035°05°31,50W. As
armadilhas foram instaladas por trés dias consecutivos e fixadas de maneira transversal no canal
de acesso navegacional da Baia de Tamandaré que apresenta uma profundidade de 8 a 12 metros,
permanecendo por 12h em subsuperficie 1m de profundidade, sendo assim retiradas ao
amanhecer (modificado de Carassou & Ponton, 2007).

O material coletado foi transportado para o Laboratério de Carcinologia no Museu de
Oceanografia Professor Petronio Alves Coelho da Universidade Federal de Pernambuco,
conservados em éalcool 70%, devidamente etiquetados com a data de coleta e 0 ponto de
amostragem. Os crustaceos foram separados do restante da fauna e, a principio, identificados
em grandes grupos para facilitar a identificacdo a nivel de espécies. Com auxilio de microscépio
optico (Leica dm 2000) e estereomicroscopio (Zeiss Stemi v8), os espécimes foram
identificados ao nivel de espécie de acordo com a literatura especializada (Gomes Corréa,
1986; Kensley & Schotte, 1989; Melo, 1996; Melo, 1999; Ahyong, 2001; Andrade et al., 2015;
Silva & Souza-Filho, 2017).

Foram calculadas a Abundéancia Relativa (AR), cuja formula € AR = n*100/ N, onde n
é o nimero individual das espécies e N = total de individuos e a Frequéncia de ocorréncia (FO)
calculada através da formula FO = a*100/A, onde a = Umero de amostras com espécies e A=
total de amostras, enquadradas nas seguintes categorias: >70% - muito frequente, 40-70% -
frequente, 10-40% - pouco frequente e <10 — esporadica e gerado um grafico com a curva de

rarefacdo de espécies.

Resultados

Foram feitas 614 amostragens, totalizando de 6832 crustaceos bentbnicos coletados,
divididos em 25 familias, 32 géneros e 52 espécies (Tab. 01). A ordem Isopoda Latreille, 1817
obteve 0 maior numero de espécies (19), sendo um novo registro para a costa de Pernambuco,
Cymodoce barrerae (Boone, 1918). A ordem Decapoda Latreille, 1802 foi registrada com 13
espécies. Na sequéncia, Amphipoda Latreille, 1816 obteve 12 espécies, dentre elas duas

espéecies novas de Metharpinia Schellenberg, 1931 para serem descritas, € Stomatopoda
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Latreille, 1817 com um total de oito espécies. E, finalmente, a ordem Cumacea Krayer, 1846
que obteve 0 menor nimero de espécies, apenas trés, porém com um novo registro de Cyclapsis

alba Roccatagliata, 1986 para o Brasil.

Tabela 1. Diversidade por categoria taxondmica dos crustaceos coletados na baia de Tamandaré,

Pernambuco, Brasil..

Grupos Familia Género Especies Espécies Novas Novos Registros
Amphipoda 9 9 12 2 -
Cumacea 1 1 3 - 1
Decapoda 4 7 13 - -
Isopoda 7 10 19 3 1
Stomatopoda 5 5 8 - -
Total 25 32 52 5 2

Fonte: Aurinete Oliveira Negromonte, 2022.

Quanto a abundancia relativa, 0 grupo que apresentou maior porcentagem foi Decapoda
(48,22%), os demais, Amphipoda (28,46%), Isopoda (10,21%), Stomatopoda (9,66%) e
Cumacea (0,08%). As espécies mais abundantes foram Achelous tumidulus Stimpson, 1871
(23,14%), Achelous anceps (de Saussure, 1857) (19,66%), Metharpinia sp.1 (13,96%),
Metharpinia sp.2 (9,89%), Pseudosquillisma oculata (Brullé, 1837) (6,32%), Cymodoce
brasiliensis Richardson, 1906 (5,22%), Nototropis minikoi (A.O. Walker, 1905) (4,33%),
Callinectes ornatus Ordway, 1863 (4,12%), Excorallana oculata (Hansen, 1890) (2,04%),
Neogonodactylus sp. (2,42%) e Eurydice littoralis (Moore, 1901) (1,22%), as outras espécies
obtiveram valores menores que 1% (Tab. 02).

As espécies mais frequentes foram Achelous tumidulus (36.64%), Achelous anceps
(36,16%), Metharpinia sp.1 (36,16%), Pseudosquillisma oculata (28,83%), Metharpinia sp.2
(25,90%), Cymodoce brasiliensis (20,52%), Excorallana oculata (17,26%), Callinectes
ornatus (16,45%), Nototropis minikoi (15,31%), Neogonodactylus sp. (14,98%), Eurydice
littoralis (6,19%) e Excorallana lemoscastroi Silva & Souza-Filho, 2017 (5,54%), as demais

espécies obtiveram frequéncia menor que 5% (Tab. 02).

Tabela 2. indices ecoldgicos dos crustaceos coletados na baia de Tamandaré, Pernambuco,

Brasil. T.A.: Abundancia total; R.A.: Abundancia relativa; F.O.: Frequéncia de ocorréncia.



Taxa

Amphipoda
Phoxocephalidae
Metharpinia sp. nov.1

Metharpinia sp. nov. 2

Atylidae
Nototropis minikoi (A.O. Walker, 1905)

Maeridae
Quadrimaera cristianae Krapp-Schickel & Ruffo,
2000

Quadrimaera sp.

Ampithoidae
Ampithoe marcuzzi Ruffo, 1954

Hyalidae
Protohyale macrodactyla (Stebbing, 1899)

Dogielinotidae

Parhyalella sp.

Stenothoidae
Stenothoe valida Dana, 1852

Stenothoe sp.

Aoridae

Bemlos sp.

Lysianassidae

Aruga sp.

T.A.

987
699

306

49

RA. (%) F.O. (%)

13.96
9.89

4.33

0.01

0.03

0.08

0.01

0.03

0.028
0.04

0.03

0.03

36.16
25.90

15.31

0.16

0.33

0.98

0.16

0.33

0.33
0.49

0.33

0.16



Isopoda

Corallanidae

Excorallana oculata (Hansen, 1890)
Excorallana lemoscastroi Silva & Souza-Fillho,
2017

Excorallana costata Lemos de Castro, 1960
Excorallana bicornis Lemos de Castro & Brasil
Lima, 1974

Excorallana richadsoni Lemos de Castro, 1960
Excorallana warmingii (Hansen, 1890)

Excorallana sp.

Sphaeromatidae

Cymodoce brasiliensis Richardson, 1906
Cymodoce barrerae (Boone, 1918)
Sphaeroma mourei (Loyola e Silva, 1960)

Ancinus brasiliensis Lemos de Castro, 1959

Cirolanidae
Cirolana parva Hansen, 1890
Eurydice littoralis (Moore, 1901)

Idoteidae

Synidotea brunnea Pires & Moreira, 1975

Holognatidae
Cleantiodes garciachartoni Negromonte et al. 2022
Cleantiodes pandemus Negromonte et al. 2022

Cleantiodes tamandarensis Negromonte et al. 2022

Gnathiidae
Gnathia sp.

144
40
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369

25

86

N B~ ©

2.04
0.57

0.04
0.04

0.11
0.014
0.042

5.22
0.08
0.35
0.01

0.03
1.22

0.06

0.13
0.06
0.03

0.13

17.26
5.54

0.49
0.49

1.14
0.16
0.32

20.52
0.33
2.28
0.16

0.16
6.19

0.49

1.47
0.49
0.33

1.14
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Cymothoidae
Braga sp.

Cumacea

Bodotriidae

Vaunthompsoniinae sp.

Cyclaspsis alba Roccatagliata, 1986
Cyclaspsis sp.

Decapoda
Portunidae
Achelous tumidulus Stimpson, 1871

Callinectes ornatus Ordway, 1863

Callinectes exasperatus (Gerstaecker, 1856)

Achelous anceps (de Saussure, 1857)
Achelous sp.

Callinectes sp.

Portunus sp.

Axiidae

AXxiopsis sp.

Upogebiidae

Upogebia omissa Gomes Corréa, 1968
Upogebia vasquezi Nhoc-Ho, 1989
Upogebia acanthura Coelho, 1973

Scyllaridae
Parribarus antarticus (Lund, 1793)

Scyllarus chacei Holthuis 1960

Stomatopoda
Pseudosquillidae

Pseudosquillisma oculata (Brullé, 1837)

1636
291

1390
12
50

12
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0.04

0.04
0.03
0.01

23.14
412
0.03
19.66
0.17
0.71
0.06

0.17

0.08

0.03
0.01

0.03
0.01

6.32

0.49

0.16
0.33
0.16

36.64
16.45
0.16
36.16
0.65
1.79
0.33

1.63

0.81

0.33
0.16

0.33
0.16

28.83
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Gonodactylidae
Neogonodactylus sp. Manning, 1995 171 2.42 14.98

Nannosquilidae
Nannosquilla potiguara Albuquerque & Coelho, 47 0.66 3.75
2009

Nannosquillidae spp. 1 0.01 0.16
Squillidae

Meiosquilla schmittii (Lemos de Castro, 1955) 2 0.03 0.16
Meiosquilla sp. 1 0.01 0.16
Squillidae spp. 1 0.01 0.16

Lysiosquillidae
Lysiosquilla scabricauda (Lamarck, 1818) 13 0.18 1.63
Fonte: Aurinete Oliveira Negromonte, 2022.

As curvas de rarefacdo de cada grupo tém uma répida elevagdo no inicio e depois
tornam-se mais estaveis, porém para Amphipoda a curva apresenta-se de forma diferente e esta
levemente ascendente. Apesar de Stomatopoda, Decapoda e Isopoda apresentarem uma
tendéncia a estabilidade, assim como as outras curvas, nenhuma atinge a assintota (Fig.01).
Porém, o grande nimero de amostras no presente trabalho, diminui as chances de espécies raras

serem incluidas.
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Figura 1. Curva de rarefacdo do valor total e dos grupos de crustaceos coletados na baia de

Tamandaré, Pernambuco, Brasil.
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Fonte: Aurinete Oliveira Negromonte, 2022.

Discussao

As armadilhas luminosas séo instrumentos eficazes para coletar crustaceos bentonicos,
no presente trabalho foram capaz de atrair diversas espécies, sendo possivel capturar novos
registros de espécies para a regido e possiveis novas espécies para a ciéncia. Desta forma
confirmando o uso dessas armadilhas para 0 monitoramento da biodiversidade como sugerido
por McLeod & Costello (2017). Quando a armadilha de luz foi comparada a metodologia de
coleta manual, o nimero de espécies foi semelhante, porém as armadilhas luminosas sdo
capazes de coletar em grande abundancia animais que vivem em habitats de dificil acesso, além
de causarem pouco impacto ao meio ambiente (Arfianti & Costello 2021). Porém é menos
confiavel para estimar a riqueza da comunidade, devido a fototropia de algumas espécies, a
grande habilidade natatoria de outras (resultando em fuga) e a predacdo que pode ocorrer
durante o periodo em que os organismos ficam presos na armadilha (Kehayias & Tsounis,
2019).

O grupo dos Amphipoda foi representado por nove familias benténicas, incluindo
exemplares da infauna e fossoriais. As familias mais abundantes foram Phoxocephalidae e

Atylidae, as quais também foram encontradas em outros trabalhos (Arfianti & Costello 2021).
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Apesar de viverem enterrados, os organismos dessas familias tém o habito de fazer a migracéo
vertical noturna, podendo supor que esses tém uma grande capacidade natatdria, uma vez que
as armadilhas do presente estudo foram montadas a 1m da superficie e 10 m do fundo marinho.
As demais familias Maeridae, Ampithoidae, Hyalidae, Dogielinotidae vivem associadas a algas,
devido a baixa abundéancia e baixa frequéncia, possivelmente chegaram as armadilhas por meio

de rafts.

A maioria dos Isopoda marinhos vive nos mais diversos tipos de habitats bentonicos
(sob rochas, em fendas, escombros, entre corais vivos e mortos, esponjas, areia grossa,
associados a algas ou em laminas e estipes de algas) (Poore & Bruce, 2012). O género
Excorallana possui 12 espécies registradas para o Brasil (Silva & Souza-Filho, 2017), destas
seis ocorreram nas armadilhas luminosas, sendo consideradas de vida livre e habitantes de areas
recifais (Delaney, 1984). Alguns Isopoda s&o ectoparasitas de peixes como Gnatiidae,
Cymothoidae e Cirolanidae (Wetzer, 2015), por esse habito, sugere-se que 0s representantes
coletados dessas familias se desprenderam de seus hospedeiros, quando estes passavam perto
da armadilha (ou mesmo tenham entrado), explicando suas baixas abundancias. Segundo
Wetzer (2015), a maioria dos Isopoda possui grande diversidade nos trépicos, com excecao 0s
Valvifera que tém maior diversidade em areas temperadas, isso pode ser atribuido a distribuicdo
de especialistas do grupo, estando estes pesquisadores mais concentrados nas regides
temperadas. Uma evidéncia disso sdo dados do presente estudo, pois ocorreram trés espécies
de Valvifera do género Cleantiodes, os quais foram descritos recentemente por Negromonte et
al. (2022), antes deste trabalho, a familia Holognathidae ndo havia sido descrita para costa

brasileira.

O grupo dos Cumacea teve uma baixa abundancia total no presente estudo. Apesar de
terem 0 habito de migrar verticalmente durante a noite (Macquart-Moulin, 1968; Corbera &
Garcia-Rubies, 1998), porém este evento pode ser influenciado por fatores externos como ondas
leves (Macquart-Moulin & Castelbon, 1990). A luz artificial atrai Cumacea durante seu periodo
ativo noturno favorecendo a capturar grande numero de espécies (Macquart-Moulin, 1991),
porém a disposicdo das armadilhas mais distantes do fundo pode ter dificultado essa captura no
presente trabalho. De acordo com Hale (1953) os Cumacea costumam ser mais frequentes em

armadilhas luminosas quando estas estdo instaladas em areas mais rasas, como médio litoral.

Os caranguejos da familia Portunidae sé&o popularmente conhecidos como swimming
crab (caranguejos nadadores) devido a sua grande habilidade para natagdo, porém os registros

em armadilhas luminosas deste grupo foram apenas com individuos no estagio larval (Reyns &
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Sponaugle, 1999; Mwaluma et al., 2009; Melo et al. 2010; Tor et al., 2011), enquanto no
presente estudo foram coletados individuos juvenis, os quais ja fazem parte do dominio
bentbnico. Outros individuos do grupo dos decapodes que estiveram presentes foram da familia
Axiidae e Upogebiidae, ambos tém o habito de viver enterrado na sua fase adulta e a migragéo
vertical dessas familias foram registradas apenas nos estagios larvais (Mwaluma et al., 2009;
Tor et al., 2011). Devido a baixa abundéncia desses individuos, podemos supor que eles foram
carreados até as armadilhas luminosas pela acdo de fatores fisicos (correntes, ventos, pluma,
entre outros). Os individuos da familia Scyllaridae ocorreram nas armadilhas no estagio juvenil
com apenas 3 individuos. As lagostas j& sdo conhecidas por serem eximias nadadoras desde 0s
seus ultimos estagios larvais. No trabalho de Sigurdsson et al. (2014) foi observado que as
lagostas tinham grande facilidade de entrar e sair das armadilhas luminosas, podendo 0 mesmo
haver acontecido no atual estudo.

Juvenis de Stomatopoda ja foram capturados por armadilhas luminosas, espécies da
familia Pseudosquillidae, Gonodactylidae, Nannosquilidae, Squillidae, Lysiosquillidae, pois o
grupo, em um modo geral, tem um comportamento fototrofico (Wong et al., 2021). Os
estomatopodes vivem enterrados no substrato ou entre fragmentos de corais ou rochas (Ahyong
et al. 2017), mesmo quando ainda estdo em estdgios larvais no plancton, utilizando e
reaproveitando as estruturas mais complexas de recifes de algas para buscar alimento. Esta
relacdo tdo intima com o dominio bent6nico, ndo impede a atracao pelas armadilhas luminosas
(Wang & Chiou 2017). As espécies encontradas no presente estudo sdo caracteristicas de
ambientes recifais, demonstrando que apesar de ndo ser um método capaz de capturar os adultos,
ainda sim possibilita a descricdo da fauna principal do local.

A riqueza das comunidades sempre esta relacionada ao esforco amostral (Hughes et al.
2001). No presente estudo houve um esforco amostral de longa duracdo (cinco anos), mas ainda
assim as curvas de rarefacdo ndo atingiram um valor constante. Uma metodologia de coleta
adaptada é importante para fazer a estimativa da riqueza dos recifes (Plaisance et al. 2009). As
armadilhas de luz sdo passivas e conseguem atrair crustaceos que vivem em lugares de dificil
acesso, mas ainda ndo sdo suficientes para estimar a grande biodiversidade de areas recifais,
provavelmente sejam necessarias diferentes metodologias sendo usadas simultaneamente e em

um longo periodo para conseguir essa estimativa da riqueza dos ambientes recifais.
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Concluséao

Este estudo mostra a grande eficacia das armadilhas luminosas para a captura de
organismos bentonicos, no presente estudo capturaram 52 espécies de crustaceos bentdnicos,
organismos da epifauna, infauna e até mesmo fossoriais. A luz atrai os organismos até a
armadilha “tirando-0” de locais que metodologia ativas (van-veen, box core, etc.) ndo sédo
capazes de alcancar. Informacgdes valiosas e de grande contribuicdo para a ciéncia foram
trazidas por esse estudo, como as novas espécies de Metharpinia que ainda serdo descritas,
registros das espécies Cymodoce barrerae e Cyclaps alba para a localidade, ampliando a
distribuicdo geografica destes. Mesmo com o grande nimero de amostras, as curvas de
rarefacdo mostram que mais crustaceos benténicos podem ser descritos e descobertos, sendo
um incentivo para a continuacdo de estudos a cerca da biodiversidade na regido de Tamandaré
e da Area de Protecdo Ambiental Costa dos Corais. Vale salientar que a metodologia utilizada
ajuda a manter a integridade dos exemplares, auxiliando no processo de identificacdo, também
é capaz de fazer trabalhos de monitoramento da biodiversidade local sem causar danos ao meio

ambiente.
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4 ARTIGO 3 - VARIACAO TEMPORAL DAS LARVAS DE BRACHYURA E
ANOMURA CAPTURADAS POR ARMADILHAS LUMINOSAS NA BAIA DE
TAMANDARE - BRASIL

Resumo

O desenvolvimento larval dos Decapoda ocorre no plancton. Estas larvas realizam a migracao
vertical, durante o dia, elas migram para maiores profundidade para fugir de predadores e ao
anoitecer vao a superficie para buscar alimento. O presente trabalho teve como objetivo analisar
a composicdo a variacdo temporal das larvas de Brachyura e Anomura, examinando se ha
sazonalidade do ano na chegada das larvas a baia de Tamandaré. Além de verificar quais 0s
fatores determinantes que influenciam nesse evento. As coletas foram realizadas mensalmente
no periodo de outubro/2011 até Abril/2016 através das armadilhas de luz CARE® por 3 dias
consecutivos. Trés pontos foram marcados de maneira transversal ao acesso navegacional no
complexo recifal na baia de Tamandaré na isobata de 10 metros e elas ficavam na subsuperficie
de 1m. As armadilhas foram instaladas no pér-do-sol e recolhidas ao amanhecer, permanecendo
cerca de 12 horas. As larvas foram identificadas ao menor nivel taxonémico possivel. Foram
calculadas a abundancia relativa e a frequéncia de ocorréncia. Foi utilizado o ARIMA para as
series temporais € 0 GLM para avaliar a influéncia dos fatores abidticos na abundancia das
larvas. A serie temporal mostrou que as larvas apresentaram os picos em diferentes épocas dos
anos, cerca de 8 meses de intervalo de um pico para o outro. Foi coletado um total de 9749
larvas de Decapoda, sendo 3112 zoeas e 6637 megalopas, estatisticamente, a diferenca entre os
estagios larvais ndo foi significativa. As megalopas de Pachygrapsus transversus foram as mais
abundantes, seguido da Zoea | de Epialthidae, megalopa de Portunidae, megalopa de
Porcellanidae. A abundancia das larvas apresentou relagdes significativas com a velocidade do
vento, a presenca de swell e a temperatura. Este trabalho contribuiu com estes registros e ainda
fez uma identificacdo taxonémica ao nivel de familia e até de espécies. Fatores como
temperatura, velocidade do vento e presenca e auséncia de swell podem ser determinantes para
a distribuicdo dessas larvas, além de influenciar no intervalo de tempo em que estes animais
chegam a baia de Tamandaré. Estes resultados podem elucidar mais sobre a dindmica das
comunidades de crustaceos em regides tropicais e subsidiar planejamentos para o melhor uso
dos recursos pesqueiros.

Palavras-chave: serie temporal, larvas de crustaceos, dindmica larval, baia de Tamandaré

Abstract

The larval development of Decapoda occurs in plankton. These larvae perform vertical
migration at night, during the day they migrate to greater depths to escape predators and at dusk
they go to the surface to look for food. Light traps are capable of attracting and collecting a
large number of crustacean larvae. This work aimed to analyze the temporal variation of the
larvae of Brachyura and Anomura, examining whether there is seasonality in the year of arrival
of the larvae in Tamandaré Bay. In addition to verifying the determining factors that influence
this event. Samples were collected monthly from October/2011 to April/2016 using CARE®
light traps for 3 consecutive days. Three points were marked transversally to the navigational
access in the reef complex in the Tamandaré Bay on the 10-meter isobath and they were in the
1-m subsurface. The traps were installed at sunset and collected at dawn, remaining for
approximately 12 hours. Larvae identified to the lowest possible taxonomic level. Relative
abundance and frequency of occurrence were calculated. ARIMA was used for the time series
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and GLM was used to evaluate the influence of abiotic factors on larval abundance. The time
series showed that the larvae present peaks at different times of the year, about 8 months apart
from one peak to the next. A total of 9749 Decapoda larvae were collected, being 3112 zoea
and 6637 megalopa, statistically, the difference between the larval stages was not significant.
The megalopa of Pachygrapsus transversus were the most abundant, followed by Zoea | of
Epialthidae, megalopa of Portunidae, megalopa of Porcellanidae. Larvae abundance showed
significant relationships with wind speed, presence of swell and temperature. This work
contributed to these records and also made a taxonomic identification at the family and even
species level. Factors such as temperature, wind speed and the presence and absence of swell
can be decisive for larvae distribution, in addition to influencing the time interval in which these
animals arrive at Tamandaré Bay. These results can elucidate more about the dynamics of
crustacean communities in tropical regions and support planning for the best use of fisheries
resources.

Keywords: temporal series, crustacean larvae, larval dynamics, Tamandaré Bay

Introducéo

Os crustaceos da ordem Decapoda possuem em seu ciclo de vida pelo menos uma fase
larval que precede o estagio de juvenil e adulto. O desenvolvimento larval inclui um processo
de metamorfose até chegar a fase de assentante, quando o individuo adquire caracteristicas de
juvenil e apenas o crescimento (ndo metamorfose) é necessario para chegar a fase adulta (Fell,
1997). As larvas de Decapoda ocorre no plancton, onde representa cerca de 50% da biomassa
planctdnica e desempenha importante papel na teia tréfica, servindo de alimento para
organismos de diferentes niveis troficos (McConaugha, 1992; Anger, 2001).

Vaérios fatores abidticos como: velocidade e direcdo do vento, correntes podem
influenciar na dispersdo larval dos crustaceos. Os fatores luz, fases da lua, temperatura e
salinidade podem retardar ou acelerar as fases larvais. Além disso, ha fatores ecoldgicos (ex.:
predacdo e disponibilidade de alimento) que podem determinar a sobrevivéncia destas larvas
(Sastry, 1983; Anger, 2001; Queiroga & Blanton, 2005; Park & Shirley, 2010). Esses fatores
determinam o “destino” das larvas de maneira ecologica e biogeografica (Anger, 2006). Um
mecanismo desenvolvido por esses organismos foi a migracdo vertical noturna. Durante o dia,
as larvas vé@o para maiores profundidades, onde podem se afugentar de predadores e ao
anoitecer véo a superficie, onde buscam alimento (Queiroga & Blanton, 2005).

A luz é um fator que influencia na comunidade de crustaceos, incluindo as larvas.
Devido ao fototropismo, pequenas modificagdes de luminosidade séo capazes de atrair esses
individuos (Nery & Castrucci, 2002). As armadilhas luminosas, a principio, foram
desenvolvidas para capturar larvas de peixes, mas depois foi visto a grande quantidade de larvas

de crustaceos que também eram capturadas nessa metodologia, podendo ser utilizada para
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estimar a dinamica larval dos crustaceos (Porter et al. 2008). O crustaceos Decapoda tém uma
grande importancia econémica, o conhecimento sobre a composic¢ao, abundancia e distribuigéo
larval € capaz de trazer informacGes valiosas sobre biodiversidade e periodo reprodutivo dos
adultos da regido estudada (Anger, 2006).

O presente trabalho teve como objetivo analisar a variacdo temporal das larvas de
Brachyura e Anomura, examinando a existéncia de sazonalidade anual na chegada das larvas a
baia de Tamandaré. Além de verificar quais os fatores determinantes que influenciam nesse

evento.

Materiais e Métodos
Procedimentos em campo

As coletas foram realizadas mensalmente no periodo de outubro/2011 até Abril/2016
usando a técnica de captura por armadilhas de luz (CARE® “Capture by Artificial Reef Eco-
friendly”, desenvolvida pela empresa francesa ECOCEAN). Trés pontos foram marcados de
maneira transversal ao acesso navegacional no complexo recifal na baia de Tamandaré, entre
um ponto e outro havia uma distancia de 250m, na is6bata de 10 metros e elas ficavam na
subsuperficie de Im. O ponto 1 se encontra na coordenada 8°46°26,90”°’S (WGS84)
35°5°38,10"W (WGS84), ponto 2 em 8°46°19,60°’S (WGS84) 35°5°37,50W (WGS84) e ponto
3 em 8°46°14,50°’S 35°5°31,50W. (WGS84). As armadilhas foram instaladas no por-do-sol e
recolhidas ao amanhecer, permanecendo cerca de 12 horas. A cada més, as armadilhas eram
instaladas por trés dias consecutivos (modificado de Carassou & Ponton, 2007).

Foram coletados os dados abioticos de temperatura da agua no local de amostragem.
Dados como direcdo do vento, quadrante de vento, velocidade do vento, swell, luminosidade
da lua e nebulosidade foram obtidos através do site http://www.wunderground.com/. Os dados
de pluviosidade foram coletados no site da Agéncia Pernambucana de Aguas e Climas - APAC
(https://www.apac.pe.gov.br/). Todos esses dados se encontram na planilha do grupo de

pesquisa.

Procedimentos em laboratério

As larvas foram conservadas em alcool 70%, foram separadas de acordo com os estagios
larvais zoea e megalopa, posteriormente foram identificadas ao menor nivel taxonémico

possivel através da literatura especializada (Yang 1968; Scotto 1979; Gore et al.
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1982; Rodrigues & Hebling 1989; Anger et al. 1990; Negreiros-Fransozo & Fransozo 1991;
Flores et al. 1998; Rieger 1998; Lima et al 2006; Lima 2009; Koettker et al. 2012).

Andlise de Dados

Foram calculadas a Abundancia Relativa (AR), cuja formula é AR =n 100/ N, onde n é
0 numero individual das espécies e N = total de individuos e a Frequéncia de ocorréncia (FO)
calculada através da férmula FO = a 100/A, onde a= nimero de amostras com espécies e A=
total de amostras, enquadradas nas seguintes categorias: >70% - muito frequente, 40-70% -
frequente, 10-40% - pouco frequente ¢ <10 — esporadica.

As analises de séries temporais foram realizadas em modelo Autorregressédo Integrado
a Médias Moveis (ARIMA\) por dias, onde foi relacionado o fator tempo (variavel independente)
com a abundancia das larvas e também com fatores abidticos (varidveis dependentes), o teste
foi feito no programa RStudio com os pacotes Zoo e Forecasting e 0 modelo (p, d, g) (onde p €
a autorregressao - AR, d é a integracao - I, e g ¢ a média mdvel - MA) foi determinado pelo teste
de Ljung-Box (Long & Teetor, 2019).

Foi executado no programa PAST o teste t de student para testar a diferenca entre a
abundancia de larvas no estagio de zoea e megalopa. Também foi executado o modelo linear
generalizado (GLM) para avaliar a influéncia da temperatura, direcdo do vento, velocidade do
vento, presenca e auséncia de swell, luminosidade da lua, nebulosidade e pluviosidade sobre a

chegada das larvas na baia de Tamandare.
As analises estatisticas foram realizadas sob a = 0,05.

Resultados
Dados abioticos

Os parametros abioticos se apresentaram polimodal ao longo dos anos de amostragem
(2011-2016). A temperatura da &gua teve pouca variagdo (23-29°C) e ndo apresentou uma
variabilidade temporal entre os anos. A luz da lua seguiu o padrdo do ciclo lunar, provavelmente
moderado pela nebulosidade que variou entre 2 a 10. A nebulosidade, por sua vez, acompanhou
0s picos da pluviosidade que variou entre 0 a 418.2 mm (Fig. 01).
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Dados biéticos

Os dados das larvas apresentam os picos em diferentes épocas do anos. Apds o pico, a
abundancia cai gradativamente, quando atinge valores proximo a zero, a curva de eleva
bruscamente e atinge outro pico, o intervalo entre eles seria em cerca de 8 meses (Fig. 02). O
modelo ARIMA que mais se adequou foi 0 (4,0,0), funcbes ACF e PACF mostram partes dos
picos estdo fora dos limites de significancia, o teste de Ljung-Box mostra que estes residuos
sdo significativos (p = 0.01803) (Fig. 03).
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Figura 1 Série temporal dos dados abiéticos do periodo de outubro de 2011 a abril de 2016 na
baia de Tamandare, Pernambuco. As variaveis ambientais sdo A) Temperatura, B) Pluviosidade,
C) Luminosidade da lua e D) Nebulosidade.
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Figura 2 Série temporal das larvas de Brachyura e Anomura do periodo de outubro de 2011 a

abril de 2016 na baia de Tamandaré, Pernambuco.
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Figura 03. Residuos da serie temporal do ARIMA (4, 0, 0) das larvas de Brachyura e Anomura
coletados por armadilhas luminosas na baia de Tamandaré- Pernambuco (o = 0,05).
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Foram coletados um total de 9749 larvas de Decapoda, sendo 3112 zoeas, distribuidos
em trés taxa, e 6637 megalopas, distribuidos em 12 taxas. Apesar de numericamente as
megalopas serem quase 0 dobro das zoeas, estatisticamente essa diferenca nédo foi significativa
(t=2.8431; p =1.9618).

Os taxa mais abundantes foram megalopa de Pachygrapsus transversus (46.78%), Zoea
| de Epialthidae (31.87%), megalopa de Portunidae (13.58%), megalopa de Porcellanidae
(3.14%), megalopa de Calappidae (1.45%), megalopa de Pinnotheridae (1.11%), megalopa de
Ocypodidae (1.06%), megalopa de Majoidea (0.41%), megalopa de Panopeidae (0.23%),
megalopa de Epialtidae (0.13%), megalopa de Panopeus americanus (0.12%), megalopa de
Mithracidae (0.06%), zoea | de Grapsidae (0.04%), zoea Il de Pinnotheridae (0.01%) e
megalopa de Grapsidae (0.01%) (Tab. 01).

Com relacgdo a frequéncia de ocorréncia, o taxon classificado como muito frequente foi
megalopa Pachygrapsus transversus (89.37%). O classificado como frequente foi a megalopa
de Portunidae (57.87%). Os classificados como pouco frequente foram zoea | de Epialtidae
(24.41%), megalopa de Porcellanidae (22.83%), megalopa de Calappidae (18.11%) e megalopa
de Pinnotheridae (13.39%). E os taxa megalopa de Ocypodidae (8.66%), megalopa de Majoidea
(5.91%), megalopa de Panopeidae (4.33%), megalopa de Epialtidae (4.33%), megalopa de
Panopeus americanus (2.76%), megalopa de Mithracidae (1.57%), zoea | de Grapsidae (0.39%),
Zoea Il de Pinnotheridae (0.39%) e megalopa de Grapsidae (0.39%) foram classificados como
esporédica (Tab. 01).
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Tabela 01. indices ecoldgicos dos crustaceos coletados na baia de Tamandaré, Pernambuco,
Brasil. T.A.: Abundancia total; R.A.: Abundancia relativa; F.O.: Frequéncia de ocorréncia.

Taxa TA |RA | FO
Epialthidae (Zoea I) 3107 | 31.87 | 24.41
Grapsidae (Zoea I) 4 0.04 |0.39
Pinnotheridae (Zoea I11) 1 0.01 |0.39
Pachygrapsus transversus (Megalopa) | 4561 | 46.78 | 89.37
Portunidae (Megalopa) 1324 | 13.58 | 57.87
Pinnotheridae (Megalopa) 108 | 1.11 |13.39
Calappidae (Megalopa) 141 | 1.45 |18.11
Porcellanidae (Megalopa) 306 | 3.14 | 22.83
Panopeus americanus (Megalopa) 12 0.12 | 2.76
Ocypodidae (Megalopa) 103 | 1.06 |8.66
Epialtidae (Megalopa) 13 0.13 | 4.33
Mithracidae (Megalopa) 6 0.06 | 1.57
Panopeidae (Megalopa) 22 0.23 1 4.33
Grapsidae (Megalopa) 1 0.01 | 0.39
Majoidea (Megalopa) 40 041 5.91

Fonte: Aurinete Oliveira Negromonte

A abundancia das larvas foi relacionada com os fatores abi6ticos através do GLM. Este modelo
mostrou que a abundéncia diminuiu significativamente com o aumento da velocidade do
vento (G = 7.4196) (p = 0.0064517), aumenta com a presenca de swell (G = 7.897) (p =
0.0049517) e aumenta com 0 aumento de temperatura (G = 7.3966) (p = 0.0065346). Os demais
parametros direcdo do vento (G = 0.75522) (p = 0.38483), pluviosidade (G = 1.9442) (p =
0.16322), luminosidade da lua (G = 1.5698) (p = 0.21024) e nebulosidade (G = 0.023425) (p =

0.87836) ndo influenciaram significativamente na abundancia (Fig. 04).
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Figura 04. Graficos dos Modelos Lineares Generalizados (GLM), relacionando os dados
ambientais com a abundancia de larvas de Brachyura e Anomura. A) temperatura, B) Swell, C)

Velocidade do vento, D) Direcdo do vento, E) Luminosidade da lua, F) Pluviosidade e G)

Nebulosidade.
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Discussao

Durante o periodo de amostragem, as armadilhas de luz foram capazes de coletar larvas
de Brachyura e Anomura, em diferentes estagios de desenvolvimento. Anomura foram
coletados apenas o estagio de megalopa de Porcellanidae, enquanto os Brachyura foi coletado
zoea (no estégio 1) da familia Epialtidae e Grapsidae, e os demais taxa na fase de megalopa. O
numero de megalopas foi maior que 0s de zoea, e a diversidade de taxa de megalopas foi quatro
vezes maior que a de zoea. Em estudos comparativos entre arrastos de plancton e armadilhas
luminosas, como Porter et al. (2008) foi demonstrado que as metodologias coletaram taxa
diferentes e predominancia nos estagios larvais em cada uma, no arrasto a maior parte foram as
zoeas, e nas armadilhas luminosas a predominancia de megalopas, supondo-se que as zoeas
passem apenas seu estagio | na baia de Tamandaré, e nos demais estagios migram para locais
adjacentes ligadas aos recifes de Tamandaré. Em Pernambuco-Brasil, Melo et al. (2010) usaram
um tipo de armadilha passiva e em cada estacdo colocou uma armadilha com luz e outra sem
luz, e puderam observar que abundancia de megalopas era maior na armadilha com luz e a
abundancia de zoea era maior na armadilha sem luz. As larvas em seus estagios mais tardios
tém maior capacidade para nadar, podendo escapar do arrasto, numa metodologia mais passiva,
como as armadilhas de luz, elas sdo atraidas pela luz e podem ficar retidas ali (Sigurdsson et
al., 2014).

A capacidade das armadilhas luminosas capturarem larvas em seu estagio mais tardio,
e até pos-larvas (pré-assentantes), havia sido descrito a principio com peixes (Doherty, 1987;
Choat et al., 1993; Hickford & Shiel, 1999; Anderson et al., 2002). Posteriormente, foi vista a
grande eficiéncia da metodologia para fazer estudos com larvas de crustaceos (Reyns &
Sponaugle,1999; Roegner et al., 2003; Jeffs et al., 2003; Sigurdsson et al., 2014). Os estudos
de pds-larvas apresentam informacGes sobre a conectividade e estrutura larval, pois é o
momento de transicao entre as fases planctonica e bentonica (Sigurdsson et al., 2014). As larvas
guando ocorrem em estagio inicial na localidade, significa que a reproducdo e desova
acontecem na regido, quando ocorrem nos estagios tardios indica que o assentamento
acontecem naquela area, consequentemente € onde a populacgdo adulta habita (Boltovskoy, 1981;
Anger, 2001; Johnson & Shanks 2002). Ainda ha poucos registros de larvas em amostragens
com armadilhas adaptadas para captura de plancton na regido de Tamandaré (Melo et al. 2010),
este trabalho contribuiu com estes registros e ainda fez uma identificacdo taxondmica a nivel

de familia e até de espécies.
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Este € o primeiro trabalho onde foi feito um estudo temporal em um periodo longo e
revelou que os picos de abundancia das larvas tiveram um intervalo médio de 8 meses. Em
regides tropicais, o periodo de desova costuma ocorrer quando a temperatura e e 0s ventos estao
altos e as correntes e turbidez estdo baixa, ou seja, no periodo seco (Anger, 2001; Santos et al.,
2019). Normalmente as larvas de crustaceos podem ser encontradas durante todo o ano
(Hartnoll, 2006; Bessa et al., 2010). Em vérios estudos de larvas de decapodes, feitos no Brasil,
apresentaram picos de abundancia deste grupo acontece entre marco e maio, € agosto e
dezembro (Peiré & Mantelatto, 2011; Oliveira et al., 2012; Lima et al., 2019; Nébrega et al.,
2021).

As variacOes de fatores ecologicos podem influenciar na dindmica das larvas. A area de
estudo deste trabalho estd na latitude de 8°, que é considerada como regido tropical. As
variacOes de temperatura, apesar de serem de pequena amplitude quando comparadas a regides
temperadas, foram capazes de influenciar significativamente na abundéncia das larvas. No
periodo larval, o individuo estd vulnerdvel a mudancas ambientais que influenciam suas
chances de sobrevivéncia, desenvolvimento, dispersao e recrutamento (Anger, 2001). Esses
fatores também podem influenciar em aspectos como natagdo, migracao e, até, estimular o
recrutamento (Verwey, 1966; Da Silva, 1986). No Alaska foi observado que o desenvolvimento
larval foi afetado pela temperatura (Park & Shirley 2010). Em larga escala, trabalhos feitos no
Oceano Pacifico subartico, as mudancas de temperatura, atrelado a mudancas climaticas, afetou
o0 desenvolvimento de copépodes (Mackas et al., 1998) e na biomassa de zooplancton (Brodeur
& Ware, 1992; Park & Shirley 2010).

A presenca e auséncia de swell e a velocidade dos ventos exerceram significativa
influéncia sobre a abundéancia das larvas. Segundo Johnson & Shanks 2002, varios fenémenos
oceanogréaficos impulsionam a dispersdo larval, as correntes de superficie, que estdo associadas
com 0 vento, € o que mais influencia nessa dispersdo. Com a dificuldade de nadar contra
correntes superficiais, as larvas acabam sendo levadas por elas. Para fazer um estudo mais
completo sobre a dindmica larval, o ideal seria combinar os dois tipos de metodologia, para
coletar o maximo de estagios larvais possiveis, essa informacdo pode mostrar se ha uma

retencdo ou dispersdo das larvas na regido.
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Conclusodes

A metodologia de armadilhas luminosas séo eficientes em capturar larvas de Decapoda
em seu estagio mais tardio, trazendo informacdes sobre a distribuicao espacial e temporal destes
individuos. A velociadade do vento influencia negativamente a abundéncia das larvas, enquanto
fatores como temperatura, e presenca e auséncia de swell influenciam positivamente, sendo
esses fatores determinantes para a distribuicdo dessas larvas, além de influenciar no intervalo
de tempo em que estes animais chegam a baia de Tamandaré. Neste trabalho, vimos que este
intervalo de tempo é, em média, 8 meses. Este foi o primeiro trabalho que descreveu a
diversidade de larvas de Brachyura e Anomura em ambientes recifais no Oceano Atlantico Sul
usando armadilhas luminosas. Estes resultados podem elucidar mais sobre a dindmica das
comunidades de crustaceos em regiBes tropicais e subsidiar planejamentos para o melhor uso

dos recursos pesqueiros.
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5 CONSIDERACOES FINAIS

A fauna de crustaceos que séo atraidos pela armadilhas luminosas é bastante diversa,
podendo ser representantes do dominio peldgico (larvas e adultos) até os bentbnicos que
costumam fazer a migragédo noturna. O grupo Mysida, representante do plancton, foi o taxa
mais abundante, comp6s quase metade da abundancia dos crustaceos de todo o estudo. Os
organismos bentonicos atraidos pelas armadilhas, foram organismos da epifauna, infauna e
fossoriais, muitos destes vivem enterrados ou entre fendas do complexo recifal, sendo
capturados com dificuldade por metodologias ativas e, muitas vezes, a metodologia ativa
danifica o exemplar capturado. A passividade das armadilhas luminosas ajuda a manter a
integridade dos exemplares, auxiliando no processo de identificacdo. Com descri¢do dessas
espécies foi possivel fazer a primeira lista das espécies de crustaceos bentdnicos capturados por
armadilhas de luz no Atlantico. Também foi possivel descrever novas espécies e fazer novos
registros de espécie para a localidade, esse conhecimento é um grande aliado para conservacéo
e preservacdo ambiental da localidade. Um estudo de longa duracéo é capaz de trazer respostas
e conhecimento sobre a dindmica da comunidade dos crusticeos e também de outros
organismos.

As armadilhas luminosas sdo eficientes em capturar larvas de decapodas em seu estagio
mais tardio, trazendo informacdes sobre a distribuicdo espacial e temporal destes individuos.
Com essa ferramenta, vimos que a chegada das larvas na baia de Tamandaré tem um intervalo
médio de 8 meses. Fatores como temperatura e presenca e auséncia de swell sdo positivamente
determinantes, enquanto velocidade do vento é negativamente determinante para a distribuicéo
dessas larvas, além de influenciar no intervalo de tempo em que estes animais chegam a baia
de Tamandaré. Este foi o primeiro trabalho que descreveu a diversidade de larvas de Brachyura
e Anomura em ambientes recifais luminosas no Oceano Atlantico Sul usando armadilhas. Estes
resultados podem elucidar mais sobre a dindmica das comunidades de crustaceos em regides
tropicais, alem de auxiliar planos de manejo para 0s recursos pesqueiros tanto na APA Costa
dos Corais, quanto em regides tropicais com clima e dindmica costeira semelhantes a baia de
Tamandaré.

Foram descritas 3 espécies novas do género Cleantiodes, este género nunca havia sido
descritos para o Brasil, tdo pouco a familias Holognatidae havia sido descrita para o Brasil.
Com esses dados pode-se afirmar que a biodiversidade no Brasil ainda é subestimada, sendo
necessario a intensificacdo de pesquisas e mais incentivos para ampliar o conhecimento sobre

a fauna e flora e buscar meios para preserva-los.
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6 ANEXO A - THREE NEW SPECIES OF THE GENUS Cleantioides KENSLEY &
KAUFMAN, 1978 (ISOPODA: VALVIFERA) FROM BRAZIL, WITH NEW
RECORD OF THE FAMILY HOLOGNATHIDAE FROM BRAZIL
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ABSTRACT

Three new species of the genus Cleantiodes are described from
Tamandaré Bay, Pernambuco, Brazil. They were collected with light traps
near a reef area of the Marine Protected Area ‘Costa dos Corais’.
Cleantioides garciachartoni sp. nov., C. pandemus sp. nov. and C.
tamandarensis sp. nov. are distinguished from their congeners mainly by
the shape of the pleotelson and the ornamen-tation of the pereopods. The
genus Cleantioides is recorded for the first time from the south-western
Atlantic, while the family Holognathidae is recorded for the first time from
the Brazilian coast.
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The genus Cleantioides Kensley and Kaufman, 1978 is mainly defined by the body very parellel-sided,
antennal flagellum composed by a large article, maxillipedal palp 4-seg-mented, coxae visible on
pereonites 2-7, pereopod 4 reduced, pleon composed of threecomplete and one incomplete pleonites,
plus pleotelson and uropod uniramous (exopodabsent) (Kensley and Kaufman 1978). The species of this
genus inhabit shallow waters, including estuaries, sand beaches and the continental shelf (0-20 m depth);
some species live in hollow dead seagrass stems, with their body colour pattern perfectly matching the
stolons (Kensley and Clark 1998; Poore 2001).

The genus comprises 13 species so far, four being found in Central America (Kensleyand Kaufman
1978; Brusca and Wallerstein 1979a; Kensley 1987), five in the north-western Pacific (Richardson 1912;
Kussakin 1982; Kwon and Kim 1992), one in South Africa (Barnard 1925), two in southern Australia (Poore
and Lew Ton 1990) and one from northern Australia (Poore 2012). One record of C. planicauda
Benedict, 1899 from south-easternBrazil was made by Liu and Poore (2013), but all the references cited
inTable 1 are fromthe northern hemisphere and do not include material from Brazil. Therefore, we consider
this record a mistake.
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Table 1. Species list, with geographical distribution and references, for the genus Cleantioides Kensley and Kaufman, 1978. The new species described in thepresent paper are formatted in bold.

Species
C. albaniensis Poore andLew Ton 1990

C. bruscai (Kensley 1987)

C.carpentaria Poore 2012

C. emarginata Kwon andKim 1992
C. japonica Richardson, 1912

C. natalensis Barnard 1925

C. occidentalis Richardson1899

C. planicauda Benedict1899

C. poorei Kwon and Kim1992

C. rotundata Kussakin1982

C. striata Poore and LewTon 1990
C. verecundus Kensleyand Clark 1998
C. vonprahli Ramos andRios 1988
C. garciachartoni Sp. nov.

C. pandemus Sp. nov

C. tamandaresis Sp. nov.

Geographical distribution
Southern Australia

Belize

Australia, Queensland, east and west coasts of Cape York at c. 18°S; to 5 m depth
Korea; China
Japan; Korea

South Africa
Western North America

Florida; southern Mexico to Georgia; Caribbean

Korea

Japan

Eastern Australia

Florida

Colombia

Tamandaré Bay and Boa Viagem Beach, Pernambuco, Brazil
Tamandaré Bay, Pernambuco, Brazil

Tamandaré Bay, Pernambuco, Brazil

References
Poore and Lew Ton (1990)

Kensley (1987) and Kensley and Schotte (1989)

Poore (2012)
Kwon and Kim (1992) and Liu and Poore (2013)
Richardson (1912), Nierstrasz (1941) and Kwon (1986)

Barnard (1925, 1936, 1955) and Kensley and Kaufman (1978)

Richardson (1899, 1905), Schultz (1969), Kensley (1978), Brusca and Wallerstein (1979a,
1979b) and Brusca and Iverson (1985)

Benedict (1899) (in Richardson 1899), Richardson (1905), Schultz (1969), Brusca and
Wallerstein (1979b),Clark and Robertson (1982) and Brusca and Iverson (1985)

Kwon and Kim (1992) and Nunomura (2011
Kussakin (1982) and Nonumura et al. (2017)
Poore and Lew Ton (1990)

Kensley and Clark (1998)

Ramos and Rios (1988)

Present study

Present study

Present study
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In this paper, we describe three new species of the genus Cleantioides from Northeast Brazil, comprising
a new record of the genus Cleantioides from the south-western Atlantic and a new record of the family
Holognathidae from Brazilian waters.

Material and methods

All the specimens examined were collected via light traps (CARE® type ‘Capture by Artificial Reef Eco-
friendly’, ECOCEAN) in the reef area from Tamandaré Bay, Pernambuco State, Brazil (8.752°-8.795°S,
35.11°-35.105°W) as part of Project PELD Tamandaré - Long Term Ecological Research Program (Process
number: 441632/2016- 5). Samples were collected monthly at night for 5 years, during the new
moon. Thesuperficial temperature during the sample period (2011 to 2016) varied between 24 and29°C,
with a local depth of about 10 m.

The samples were preserved in 70% ethyl alcohol and deposited in the crustaceancollection of
Museu de Oceanografia Prof. Petronio Alves Coelho of Federal University ofPernambuco (MOUFPE), Recife,
Brazil. The specimens were dissected and examined undera stereomicroscope; the appendages and
mouthparts were mounted on glass slides, sealed with glycerol jelly and illustrated using a camera lucida
connected to a light microscope (Leica DM300) and stereomicroscope (Nykon SMZ 800). The crustacean
setae classification proposed by Watling (1989) is here adopted.

List of abbreviations: A, antenna; Hb, habitus; Md, mandible; Mx, maxilla; Mxp, max-iliped; P,
pereopod; PP, penile papillae; PL, pleopod; PT, pleotelson; Ur, uropod; |, left; r, right.

Taxonomy

Order ISOPODA Latreille, 1817 Suborder
VALVIFERA G.O. Sars, 1883
Family HOLOGNATHIDAE Thomson, 1904
Cleantioides Kensley and Kaufman, 1978

Cleantioides garciachartoni sp. nov. (Figures 1-4)

Cleantioides verecundus — Correia, Vasconcelos and Rosa-Filho, 2021: 79 (not Cleantioidesverecundus Kensley and
Clark 1998)

Type material
Holotype. Male (3.1 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), #2 light trap, 23 October 2014,
MOUFPE 20051.

Paratypes. 1 male, same as holotype, #1 light trap, 7 September 2012, MOUFPE 20052. 1
male, same as holotype, #2 light trap, 25 January 2012, MOUFPE 20053. 1 male, same as
holotype, #2 light trap, 8 October 2013, MOUFPE 20054. 1 male, same as holotype, #2 light
trap, 14 September 2012, MOUFPE 20055. 1 male, same as holotype, #1 light trap,
21 July 2012, MOUFPE 20056. 1 male, same as holotype, #2 light trap,
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Figure 1. Cleantioides garcichartoni sp. nov. Holotype, male (3.1 mm), Tamandaré Bay, Pernambuco(8.77°S, 35.09°W), MOUFPE
20051. Abbreviations: Hb, habitus; PT, pleotelson, Scale bars: 0.5 mm.

15 September 2012, MOUFPE 20057. 1 male, same as holotype, #1 light trap,
14 September 2012, MOUFPE 20058. 1 male, same as holotype, #2 light trap,
14 September 2012, MOUFPE 20059. 1 male, Boa Viagem Beach, Recife,22 December 2017,
in association with Gracilaria sp., MOUFPE 19991 (material used byCorreia et al. 2021).

Diagnosis. Body 5.1x longer than wide, lacking plumose setae. Antenna 2 article 2 witha strong and
triangular dorsomesial process, ventromesial process with bilobed apex andshorter than dorsalmesial
process. Coxae 5-7 and epimeral plates 1-4 without plumose setae on posterior margin. Pereopod 4
propodus with robust simple setae; dactylus withunguis and bifid. Pleotelson dorsally convex, 0.26x total
body length, 1.6x longer than wide; dorsum of distal half with oblique circular plane inclined ~11° from
horizontal, occupying 0.47x of pleotelson length, well defined by a sharp marginal ridge extending 4/5 of
the way around, bearing a shallow depression extending from near first 1/3 ofpleotelson length to
distal margin and 2 submedian longitudinal rounded ridges (best seen in lateral view). Ridges not
reaching posterior margin.

Description. Based on holotype.

Body 5.1x longer than wide, dorsal margin densely rugose. Head 1.9x wider than long, with anteromesial
excavated depression, and small mesial pseudorostrum; posterior margin convex. Eyes dorsolateral,
reniform and pigmented. Coxae 5-7 and epimeral
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Figure 2. Cleantioides garcichartoni sp. nov. Holotype, male (3.1 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE
20051. Abbreviation: A, antenna; Md, mandible; Mx, maxilla; Mxp, max- iliped; |, left; r, right. Scale bars: 0.1 mm.

plates 1-4 without plumose setae on posterior margin. Pleotelson 0.26x total body length, 1.6x longer than
wide, lacking setae. Pleonite 1 free and articulated, barely visible under pereonite 7. Pleonites 2-3 well
defined but not articulated, pleonite 4 fused medially only, lateral margin hidden under pleonite 2;
remaining pleotelson parallel-sided and with semicircular apex; dorsum of distal half with oblique
circular plane inclined ~11° from horizontal, occupying 0.47x of pleotelson length, well defined by a
sharp marginal ridgeextending 4/5 of the way around, bearing a shallow depression extending from near
first1/3 of pleotelson length to distal margin and 2 submedian longitudinal rounded ridges (best seen in
lateral view), ridges not reaching posterior margin.

Antenna 1 slightly longer than article 2 of antenna 2 peduncle; lateral margins setose, article 1 peduncle
as long as wide; flagellum about 1/3 length of last article of peduncle, with 4 apical aesthetascs. Antenna
2 0.25x length of body, article 2 with a ventromesial process with bilobed apex and shorter than
dorsalmesial process; flagellum 1-articulate,



JOURNAL OF NATURAL HISTORY (%) 90

Figure 3. Cleantioides garcichartoni sp. nov. Holotype, male (3.1 mm), Tamandaré Bay, Pernambuco(8.77°S, 35.09°W), MOUFPE
20051. Abbreviation: P, Pereopod. Scale bars: 0.1 mm.

0.25x total antenna length, and a tuft of setae distally. Mandible molar columnar and triturative; incisor
with 4 teeth, right lacinia mobilis with 3 teeth, left bifid. Maxilla 1 outerplate with a row of setules, distal
margin with 6 robust setae, inner plate shorter than outer plate, bearing 2 robust and plumose setae
distally. Maxilla 2 outer plate with an oblique row of 11 plumose setae; middle and inner plate with a
row of 7 and 8 plumosesetae, respectively. Maxillipedal endite with 2 and 3 robust setae on lateral
margin, leftand right, respectively, 1 plumose seta mesially and 6 on transverse apex; palp 0.37x wider than
length, 5 articles visible but suture between 2 and 3 not articulated; articles 2-5 mesially setose; article
3 mesiodistally lobed; article 5 wider than long, 0.25x length ofarticle 4; epipod tapering and distally
rounded, outer margin setose.

Pereopod 1 basis with dorsal and ventral margins setose; ventral margins of merus, carpus and
propodus with dense robust setation; propodus almost twice as long as wide.Pereopods 2 and 3 similar,
basis with a tuft of slender setae on ventral margin; ischiumlonger than merus, distal margin widened;
merus with dorsodistal margin slightly
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Figure 4. Cleantioides garcichartoni sp. nov. Holotype, male (3.1 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE
20051. Abbreviations: PP, penile papillag; Pl, pleopod; Ur, uropod. Scale bars: 0.1 mm.

produced and bearing a a tuft of robust setae; carpus shorter than propodus, with a lineof robust setae
on ventral margin, dorsal margin of pereopod 3 with a line of slendersetae; propodus 2.9x longer than
wide, with a line of robust setae on ventral margin, dorsal margin of pereopod 3 with a line of slender
setae; dactylus well developed, curved and bearing a distal unguis. Pereopod 4 shortened, 0.45x length of
pereopod 3, basis witha slender seta on first third of ventral margin; ischium with slender dorsal setae;
meruswith a robust seta on anterodistal angle; merus, carpus and propodus with posterodistalU-shaped
rows of 5, 7 and 8 robust setae, respectively; dactylus reduced with unguis almost bifid and bearing a
long seta. Pereopod 5 longer than 4, basis, ischium and meruswith a row of long slender setae on dorsal
margin; merus and carpus with a single robustseta on ventral margin, dactylus hooked and bifid, bearing a
long seta. Pereopods 6 and 7 more elongated than 5. Pereopod 6 merus, carpus and propodus with 3
robust setae onventral margin; dactylus hooked and bifid, bearing a long seta. Pereopod 7, basis, ischium
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and carpus with a row of long setae on dorsal margin; merus and carpus with a singlerobust seta on
ventral margin; carpus and propodus with a line of robust setae on ventral margin, dactylus hooked and
bifid, bearing a long seta.

Pleopod 1 peduncle with 3 robust setae; inner ramus longer than outer ramus (1.3x).Pleopod 2
peduncle with 3 robust setae on inner margin; inner ramus longer than outerramus (1.2x), outer ramus
semicircular, outer margin crenulate; appendix masculina inserted mesially and slightly surpassing
distal margin of inner ramus. Penialplate 1.6x longer than wide, double-waisted, with excavated distal
margin. Pleopod 2 with appendix masculina 1.27x as long as endopod, with rounded apex, distally with
numeroussuperficial spines. Uropodal peduncle 2.8x longer than wide, with a plumose seta on outer distal
angle; inner margin crenulate; endopod almost as wide as long, distally rounded.

Etymology. The species epithet is in honour of Dr José Antonio Garcia Charton from the University of Murcia,
Facultad de Biologia, Murcia, Spain, for his contribution to the ecology of the community collected
with light traps during the Project PELD Tamandaré, where the new species was found.

Remarks. Cleantioides garciachartoni sp. nov. resembles C. verecundus in the presence of2 longitudinal
ridges on the dorsum of pleotelson. However, C. garciachartoni sp. nov. differs from the latter in the
following characters (C. verecundus in parentheses): presenceof a shallow depression extending from near
first 1/3 of pleotelson length to distal margin (vs shallow depression absent); outer margin of maxilliped endite
setose (vs lacking setae); coxae 5-7 subrectangular, posteriorly narrowly subacute (vs coxae 5-7 ovate,
posteriorlynarrowly rounded); dorsal margin of pereopods 1-3 and 5-7 less setose (vs densely setose);
ventral margin of basis of pereopods 1-3 and 7 setose (vs lacking setae), and appendix masculina
surpassing endopod apex (vs not surpassing endopod apex).

Cleantioides garciachartoni sp. nov. is easily distinguished from C. pandemus sp. nov.and C.
tamandaresis sp. nov. by the shape of the pleotelson, including the presence ofa shallow depression
extending before the oblique circular plane (absent in both species), and dorsum of distal half with oblique
circular plane inclined ~11° from the horizontal (with the inclination being 20° in C. pandemus sp. nov. and
35° in C. tamandaresis sp. nov.). Also, C. garciachartoni differs from C. pandemus in having the
ventromesial bilobed process on the article 2 of antenna 2 shorter than dorsalmesial process, while it is
muchlonger in the latter.

Cleantioides pandemus sp. nov.(Figures 5-8)

Type material
Holotype. Male (2.7 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), #2 light trap, 25 September
2014, MOUFPE 20060.

Paratypes. 1 male, same as holotype, #2 light trap, 3 October 2013, MOUFPE 20061. 1
male, same as holotype, #1 light trap, 21 July 2012, MOUFPE 20062. 1 male, same as
holotype, #2 light trap, 25 September 2014, MOUFPE 20063.
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Figure 5. Cleantioides pandemus sp. nov. Male (2.7 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE 20060.
Abbreviation: Hb, habitus. Scale bars: 0.5 mm.

Diagnosis. Body 5.6x longer than wide, lacking plumose setae. Antenna 2 article 2 witha ventromesial
process with bilobed apex and much longer than dorsalmesial process. Pereopod 4 propodus with a robust
seta tridentate distally; dactylus without unguis andwith rounded tip. Pleotelson dorsally almost straight,
0.3x total body length, 1.9x longerthan wide; dorsum of distal half with oblique circular plane inclined ~20°
from horizontal, occupying 0.44 of pleotelson length, well defined by a sharp marginal ridge extending all
around, with 2 submedian poorly developed rounded-edged lobes dorsally separated bya very faint
furrow, followed by 2 submedian longitudinal rounded ridges (best seen in lateral view). Ridges not
reaching posterior margin.

Description. Based on holotype.

Body 5.6x longer than wide, dorsal densely rugose. Head 1.5x wider than long, with anteromesial
excavated depression; posterior margin convex. Eyes dorsolateral, reniform. Coxae 5-7 and epimeral plates
1-4 without plumose setae on posterior margin. Pleotelson 0.3x total body length, 1.9x longer than
wide, lacking setae. Pleonite 1 freeand articulated, barely visible under pereonite 7. Pleonites 2-3 well
defined but not articulated, pleonite 4 fused medially only, lateral margin hidden under pleonite 2;
remaining pleotelson parallel-sided and with semicircular apex; dorsum of distal half with oblique
circular plane inclined ~20° from horizontal, occupying 0.44x of pleotelsonlength, well defined by a
sharp marginal ridge extending all around, dorsally with 2submedian poorly developed rounded-edged
lobes separated by a very faint furrow, followed by 2 submedian longitudinal rounded ridges (best seen
in lateral view); ridgesnot reaching posterior margin.

Antenna 1 reaching ~1/3 of article 3 of antenna 2 peduncle; peduncle article 1 1.2x wider than long;
flagellum ~4/5 length of article 3 peduncle, with 3 apical plumose setae. Antenna 2 0.26x length of body,
article 2 with a ventromesial process with bilobed apex
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Figure 6. Cleantioides pandemus sp. nov. Male (2.7 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE 20060.
Abbreviations: A, antenna; Md, mandible; Mx, maxilla; Mxp, maxiliped. Scale bars:
0.1 mm.

and much longer than dorsalmesial process; flagellum 1 articulated, 0.22x total antennalength, and a tuft
of setae distally. Mandible molar columnar and triturative; right incisor with 3 teeth, right lacinia mobilis with
3 teeth, and left with 5 teeth. Maxilla 1 outer plate without a row of setules, distal margin with 6 robust
setae, inner plate shorter than outer plate, bearing 2 robust and plumose setae distally. Maxilla 2 outer
plate with an obliquerow of 11 plumose setae; middle and inner plate with a row of 7 and 8 plumose
setae, respectively. Maxillipedal endite with 2 robust setae on lateral margin, 6 slender setaedistally
and 3 on transverse apex; palp width 0.37x length, 5 visible articles; articles 2-5setose mesially; article
3 lobed mesiodistally; article 5 wider than long, 0.25x length ofarticle 4; epipod tapering and rounded
distally.

Pereopod 1 basis with setose dorsal margin; ventral margin of merus with only 1 robustseta, carpus and
propodus with dense robust setation; propodus almost 2x longer than wide. Pereopods 2 and 3 similar,
basis without setae on ventral margin, dorsal margin witha proximal tuft of slender setae; ischium longer
than merus, distal margin widened, with
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Figure 7. Cleantioides pandemus sp. nov. Male (2.7 mm), Tamandaré Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE 20060.
Abbreviation: P, pereopod. Scale bars: 0.1 mm.

a robust seta on dorsodistal angle (pereopod 2 with a robust seta on ventrodistal angle);merus with
dorsodistal angle slightly produced; carpus and propodus with robust setae on ventral margin; carpus
shorter than propodus, with a line of robust setae on ventralmargin, dorsal margin of pereopod 3
lacking setae; propodus longer than wide (2.4xpereopod 2 and 2.9x pereopod 3), with a line of robust
setae on ventral margin, dorsalmargin of pereopod 3 with a line of slender setae; dactylus well
developed, curved andbearing a distal unguis. Pereopod 4 0.45x length of pereopod 3, ischium with 2
robust setae; merus, carpus and propodus with posterodistal U-shaped rows of 10, 12, and 8 robust setae,
respectively; propodus with a robust seta tridentate distally; dactylus with- out unguis and with rounded tip.
Pereopod 5 longer than 4, basis, ischium and merus witha row of long slender setae on dorsal margin;
carpus ventral margin with a single robustseta; ventral margin dactylus slightly hooked. Pereopods 6 and
7 more elongate than 5,basis, ischium and merus with a row of long slender setae on the dorsal margin;
propodusof pereopod 7 3.1x longer than wide. Penes near base of uropod, on ventrum of pereonite7, rami
1.2x basal width, separate and tapering to rounded apices. Pleopod 1 peduncle
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Figure 8. Cleantioides pandemus sp. nov. Male (2.7 mm), Tamandafé Bay, Pernambuco (8.77°S, 35.09°W), MOUFPE 20060.
Abbreviation: P, pereopod; PI, pleopod; PP, penile papillae; Ur, uropod. Scale bars:
0.1 mm.

with 3 robust setae; inner ramus longer than outer ramus (1.3x). Pleopod 2 peduncle with3 robust setae;
inner ramus longer than outer ramus (1.3x); outer ramus subrectangularwith apex truncate, outer margin
smooth. Appendix masculina inserted mesially and slightly surpassing distal margin of inner ramus (in
development). Uropodal peduncle 2.8x longer than wide; endopod almost as wide as long, rounded
distally.

Etymology. The species epithet pandemus relates to the global pandemic starting in 2020 caused by
the virus SARS-CoV-2. During this time the new species was recognised and described by the authors.

Remarks. Cleantioides pandemus sp. nov. is closely related to C. bruscai and
C. occidentalis by the structure of the subcircular part of the pleotelson. However, it isreadily
distinguished from both species by the poorly developed rounded-edged lobes
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(vs strongly developed in C. bruscai and C. occidentalis); these lobes are separated by a very faint
furrow, followed by 2 submedian longitudinal rounded ridges (vs absent in
C. bruscai and C. occidentalis).

Cleantioides tamandarensis sp. nov.(Figures 9-12)

Type material
Holotype. Female, 3.1 mm, Tamandaré Bay, Pernambuco, (8.77°S, 35.09°W), #2 light trap,3 October 2013,
Pernambuco, MOUFPE 20064.

Paratypes. 1 male, 2 females, same as holotype, #1 light trap, 21 July 2012, MOUFPE
20065.

Diagnosis. Body 4.0-4.2x longer than wide. Antenna 2 article 2 with a ventromesial process with bilobed
apex much longer than dorsalmesial process. Posterior margin of coxae 5-7, epimeral plates 1-4 and
ventral margin of pleotelson with plumose setae. Pereopod 4 propodus with robust simple setae;
dactylus without unguis and with rounded tip. Pleotelson dorsally almost straight, 0.33x total body
length, 1.75x longer than wide; dorsum of distal half with oblique circular plane inclined ~35° from
horizontal, occupying 0.5 of pleotelson length, with dorsal sparse short setae, well defined by a sharp
marginal ridge extending all around, dorsally with 2 submedian poorly developed
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Figure 9. Cleantioides tamandaresis sp. nov. Holotype, female (3.1 mm), Tamandaré Bay, Pernambuco,(8.77°S, 35.09°W),
Pernambuco, MOUFPE 20064. Abbreviation: Hb, habitus. Scale bars: 0.5 mm.
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Figure 10. Cleantioides tamandaresis sp. nov. Holotype, female (3.1 mm), Tamandaré Bay, Pernambuco, (8.77°S, 35.09°W),
Pernambuco, MOUFPE 20064. Abbraviations: A, antenna; Md, mand- ible; Mx, maxilla; Mxp, maxiliped. Scale bars: 0.1 mm.

rounded-edged lobes, followed by 2 submedian inconspicuous dorsal humps (best seen in lateral view),

distal margin rounded or slightly sinuous. Uropodal peduncle and endo-pod with inner margin and
surface bearing plumose setae.

Description. Based on holotype.

Body 4.2x longer than wide, dorsal poorly rugose. Head 1.75x wider than long, with anteromesial
excavated depression; posterior margin convex. Eyes dorsolateral, reniform. Coxae 5-7 and epimeral plates
1-4 with plumose setae on posterior margin. Pleotelson 0.33x of total body length, 1.75x longer than
wide, ventral margin with plumose setae.Pleonite 1 free and articulated, barely visible under pereonite 7.
Pleonites 2-3 well definedbut not articulated, pleonite 4 fused mesially only, lateral margin hidden under
pleonite 3; remaining pleotelson parallel-sided and with semicircular apex; dorsum of distal half with oblique
circular plane inclined ~35° from horizontal, occupying 0.5 of pleotelson length,
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Figure 11. Cleantioides tamandaresis sp. nov. Holotype, female (3.1 mm), Tamandaré Bay, Pernambuco, (8.77°S,
35.09°W), Pernambuco, MOUFPE 20064. Abbreviation: P, pereopod. Scale bars:
0.1 mm.

with dorsal sparse short setae, well defined by a sharp marginal ridge extending allaround, dorsally
with 2 submedian poorly developed rounded-edged lobes, followed by2 submedian inconspicuous
dorsal humps (best seen in lateral view), distal margin rounded.

Antenna 1 reaching ~1/4 of article 3 antenna 2 peduncle; peduncle article 1 1.2x wider than long;
flagellum 1/3 length of article 3 of peduncle, with 8 apical aesthe- tascs. Antenna 2 0.27x length of
body, article 2 with a ventromesial process with bilobed apex and much longer than dorsalmesial
process; flagellum of article 1 0.25x antenna total length, with a tuft of setae distally. Mandible
molar columnar and triturative; right incisor with 3 teeth, right lacinia mobilis with 3 teeth, left 5
teeth. Maxilla 1 outer plate without a row of setules, distal margin with 6 robust setae, inner plate
shorter than outer plate, bearing 2 robust and plumose setae distally. Maxilla 2 outer plate with
an oblique row of 11 plumose setae; middle and inner plate with a row of 7 setae. Maxillipedal endite
with 2 robust setae on lateral margin,1 plumose seta mesially and 6 on transverse apex; palp 0.37x
wider than length, 5 articles visible but suture between 2 and 3 not articulated; articles 2-5 setose
mesially; article 3 mesiodistally lobed; article 5 wider than long, 0.25x length ofarticle 4; epipod
tapering and rounded distally.



JOURNAL OF NATURAL HISTORY (%) 98

Figure 12. Cleantioides tamandaresis sp. nov. Holotype, female (3.1 mm), Tamandaré Bay, Pernambuco, (8.77°S, 35.09°W),
Pernambuco, MOUFPE 20064. Abbreviations: P, pereopod; PP, penile papillae; Ur uropod. Scale bars: 0.1 mm.

Pereopod 1 basis with setose dorsal margin (plumose setae); ventral margin of merus with 3setae, carpus and
propodus with dense robust setation; propodus almost 2x longer than wide. Pereopods 2 and 3 similar.
Pereopod 2 basis with a tuft of plumose setae on both proximaldorsal and ventral margins; ischium longer
than merus, distal margin widened, without setae;merus with dorsodistal angle slightly produced, bearing a
tuft of robust setae; carpus shorterthan propodus, with a line of robust setae on ventral margin; propodus 2.7x
longer than wide;dactylus well developed, curved and bearing a distal unguis, a subdistal robust seta and a tuft
of slender setae. Pereopod 3 basis without a tuft of plumose setae on both proximal dorsal andventral margins;
ischium longer than merus, distal margin widened, dorsal margin with 4 setae;merus with dorsodistal angle
slightly produced, bearing a tuft of robust setae; carpus shorterthan propodus, with a line of robust setae on
ventral margin; propodus 2.8x longer than wide;dactylus well developed, curved and bearing a distal unguis, a
subdistal robust seta and a tuftof slender setae. Pereopod 4 0.45x length of pereopod 3, ischium with 4 robust
setae; merus,carpus and propodus with posterodistal U-shaped rows of 8, 17, and 10 robust setae,
respectively; propodus with robust simple setae; dactylus without unguis and with roundedtip. Pereopod 5
longer than 4, basis to propodus with a row of long plumose setae on dorsalmargin; merus, carpus and
propodus with a row of robust setae; ventral margin of dactylusstrongly hooked. Pereopods 6 and 7 more
elongate than 5, basis to propodus with a row oflong plumose setae on dorsal margin; propodus of
pereopod 7 3.1x longer than wide. Qostegites present on pereopods 1-5. Pleopod 1 peduncle with 3 robust
setae; inner ramuslonger than outer ramus (1.2x). Pleopod 2 peduncle with 3 robust setae; inner ramus longer
than outer ramus (1.3x), outer ramus subrectangular with rounded apex, outer margin smooth. Uropodal
peduncle 3.2x longer than wide; inner margin of peduncle, endopod and surfacewith plumose setae;
endopod almost as wide as long, outer distal margin rounded and innerdistal margin subacute.
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Etymology. The specific epithet tamandarensis refers to the city of Tamandaré (State of Pernambuco,
Brazil), the type locality of this species.

Remarks. Cleantioides tamandarensis sp. nov. closely resembles C. planicauda and

C. vonprahli in the shape of the pleotelson. However, the new species is distinguished from C. vonprahli
by the palp of maxilliped with 5 articles (vs 4), with tufts of plumosesetae on coxae 5-7, epimeral plates
and lateral margin of pleotelson (vs without any plumose setae), and 6 longitudinal dorsal pigmented
lines on pereion (vs 4). Cleantoidestamandarensis sp. nov. differs from C. planicauda (description and
illustration in Bruscaand Iverson 1985) in having body 4.2x as long as wide (vs 5.2 or more), and
pleotelson with 2 submedian poorly developed rounded-edged lobes dorsally, followed by 2 sub- median
inconspicuous dorsal humps (best seen in lateral view) (vs pleotelson dorsally unadorned).

Discussion

Knowledge about Cleantioides ecology is scanty. Some ecology notes in taxonomic papers have information
on the substrate where they live in association with pieces of roots ofmarine angiosperms and mangrove
(e.g. Rhizophora mangle). Nonumura et al. (2017) found specimens of Cleantioides rotundata (Kussakin
1982) living in a tidal flat of a sandy beach with silt (Tokyo bay); most of them were females and only 6%
were male indivi- duals. In the present study, all individuals from the type locality (Tamandaré Bay,
Pernambuco, Brazil) were collected with light traps adapted to collect reef fish larvae during the night.
The majority were males, indicating a different pattern here (tropicalarea) from the temperate area of
Tokyo bay. The local depth varied from 8 to 10 m while the light traps were positioned at 2 m in the
water column, indicating that all threespecies described herein have a high swimming capability,
especially males. Moreover, in the reef areas there are a great number of benthic species that migrate
upwards in thewater column during the night to feed and reproduce; this could be the behaviour of the
new species as well.

The biodiversity found in Brazilian waters seems to be underestimated, since we could recognise three new
taxa from a taxon previously misidentified as Cleantiodes planicauda, due to the absence of taxonomists
studying the group in loco. An enormous number of species is expected to be described in marine
environments, including Peracarida taxa like Isopoda, that are very habitat-specific and have many species
complexes (see Poore andBruce 2012).
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