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RESUMO

Este estudo descreve a distribuicdo vertical de eufausideos na presenca de uma termoclina
permanente em A&guas oligotréficas do Atlantico Tropical (00° 55 'N, 29° 21" W). A
amostragem foi realizada de junho de 2010 a outubro de 2011, com arrastos verticalmente
estratificados de 100 a zero m durante o dia e & noite. Densidades foram analisadas quanto a
sua relacdo com a profundidade, estacGes e sazonalidade. A média total da densidade de
eufausideos foi de 2,65 ind. m3, com valor méximo de 30,4 ind. m3. A comunidade foi
composta principalmente de larvas (80%). As larvas de Euphausia foram mais abundantes,
com 56,4% de todos os individuos. Eufausideos foram sempre mais abundantes durante a
noite. A distribuicdo vertical ontogenética de eufausideos apresentou trés padrdes: (i) larvas
caliptopis foram mais abundantes na camada de transicdo (ii) larvas furcilia na camada de
mistura superior (iii) e para os adultos, os padrdes variaram de acordo com a espécie. Padrbes
de distribuicdo distintos podem ser descritos para trés espécies de Euphausia (E. americana,
E. tenera e E. similis) e duas espécies de Stylocheiron (S. carinatum e S. suhmii), sugerindo
que espécies congéneres desses dois géneros realizam parti¢do de recursos na coluna de agua.
Os nossos dados suportam a ideia de que a camada de transi¢cdo na base da camada de mistura
superior € um habitat importante para os eufausideos na area de estudo. Este estudo revelou
que espécies e estagios de desenvolvimento possuem padrdes especificos de distribuicdo

vertical para este tixon—chave nos oceanos tropicais oligotréficos.

Palavras-chave: Atlantico Tropical, Eufausideos, Termoclina, Holoplancton, Distribuicéo

vertical.



ABSTRACT

This study describes the vertical distribution of euphausiid in the presence of a permanent
thermocline in the oligotrophic waters of the Tropical Atlantic (00° 55 'N, 29° 21' W).
Sampling was conducted from June 2010 to October 2011, from 100 to zero m in vertically
stratified hauls during day and the night. Densities were analyzed regarding their relation to
depth, temporal variability and station. Mean total euphausiids density was 2.65 ind. m™ with
values up to 30.4 ind. m’. This community was mainly composed of larvae (80%). Larvae of
the Euphausia were most abundant, with 56.4% of all individuals. Euphausiids were always
most abundant during the night. The ontogenetic vertical distribution of euphausiids presented
three patterns: (i) calyptopis larvae were most abundant in the transition layer (ii) furcilia
larvae in the upper mixed layer. (iii) and for adults, patterns varied according to species.
Distinct distribution patterns could be described three species of Euphausia (E. americana, E.
tenera and E. similis) and two species of Stylocheiron (S. carinatum and S. suhmii),
suggesting that congeneric species of these two genera perform resource partition in the water
column. Our data support the idea that the transition layer at the base of the upper mixed layer
is an important habitat for euphausiids in the study area. This study revealed species- and
stage- specific patterns of vertical distribution for these key taxa in the oligotrophic tropical

oceans.

Keywords: Tropical Atlantic, Euphausiids, Thermocline, Holoplankton, Vertical distribution.
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1. INTRODUGCAO GERAL

A ordem Euphausiacea é constituida por organismos holoplancténicos (animais que
passam toda a sua vida no plancton) e exclusivamente marinhos (MAUCHLINE, 1980). Estes
animais séo facilmente reconhecidos pela presenca de podobranquias - brénquias grandes e
expostas (BAKER et al., 1991). Os eufausideos geralmente apresentam uma distribuicdo bem
definida, podendo ser bons indicadores de massas de agua, sendo de grande interesse no
estudo da oceanografia (BOLTOVSKQY, 1999; BRINTON, et al., 1999; GIBBONS, et al.,
1999). A ordem se divide em duas familias: Bentheuphausiidae com uma Unica espécie
Bentheuphausia amblyops e Euphausiidae que inclui dez géneros e aproximadamente 86
espécies (BRINTON, et al., 1999; GONZALEZ-CHAVEZ & ARENAS-FUENTES, 2003).
Estes animais constituem um dos grupos mais importantes de invertebrados marinho nos
oceanos, uma vez que ocupam posicGes cruciais entre as cadeias alimentares pelédgicas
superficiais e as mais profundas por terem o comportamento de migrar verticalmente
distancias superiores a 200 m & noite (BOLTOVSKOY, 1999; BRINTON et al., 1999).

Varios estudos concluem que a temperatura € um fator fisico importante na migracdo
destes organismos (BRINTON, 1962; 1979; PERALTA & MOURA, 2010; ROBLEDO &
MUJICA, 1999). De um modo geral, a coluna d’agua dos oceanos pode ser dividida em trés
camadas; uma camada mais superficial mais homogénea e com temperaturas mais elevadas,
denominada camada de mistura; apds essa camada ha uma brusca queda de temperatura
formando uma camada denominada “termoclina”, bastante evidente em regides tropicais; €
uma terceira camada onde a temperatura volta a ser constante (TOMCZAC & GODFREY,
1994).

Em um oceano tropical como o Arquipélago de Sdo Pedro e Sdo Paulo (ASPSP) a
termoclina esta presente durante todo o ano. A presenca desta camada impossibilita o
transporte de nutrientes das aguas mais profundas para a superficie e é responsavel pelo
empobrecimento dessas areas (BOLTOVSKOY, 1999). Em fungdo do gradiente térmico, a
termoclina constitui uma zona de forte descontinuidade faunistica, havendo espécies que se
distribuem acima, dentro ou abaixo desta camada. Tem sido considerada como uma barreira

fisica importante na migragdo vertical do zooplancton (MOORE, 1950). Este estudo tem o
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objetivo de descrever a influéncia da presenca de uma termoclina permanente sobre a
distribuicdo de Euphausiacea. Embora a distribuicdo vertical de eufausideos esteja bem
documentada em outras regiGes (por exemplo, em é&reas de ressurgéncia e ecossistemas
polares), ela esta principalmente restrita aos adultos (ANTEZANA, 1981; BAKER, 1970;
BERKES, 1976; BRINTON, 1975; BRINTON et al 1999; DORMAN et al., 2005;
FERNANDEZ et al., 2010; FRAGOPOULU & LYKAKIS, 1990; GONZALEZ -CHAVEZ &
ARENAS-FUENTES, 2003; GANGAI et al., 2012; MUJICA & PAVEZ, 2008; ROBLEDO
& MUIJICA, 1999), devido a complexidade de identificacdo das fases larvais.

Os trabalhos de Holthuis (1980) e Edwards & Lubbock (1983) foram os primeiros
estudos sobre zooplancton no ASPSP. O conhecimento sobre este grupo de organismos em
torno de ilhas oceédnicas no Atlantico Tropical ainda é escasso. No ASPSP, as poucas
investigacbes foram baseadas principalmente em arrastos de superficie ou obliquos, com
copépodes (FERNANDEZ, 2010; MELO, 2013), larvas de decapodes (BRANDAO et al.,
2012; KOETTKER et al.,, 2010), larvas de peixes (MACEDO-SOARES et al., 2009) e
zooplancton em geral (CAVACANTI & LARRAZABAL, 2004). Apesar da sua relevancia
ecoldgica, relativamente pouca atencdo tem sido dada ao estudo de eufausideos nesta regido,
mesmo com a recente implantacdo da Estacdo Cientifica. Portanto, o conhecimento sobre a
diversidade e padrdes de distribuicdo pode proporcionar uma melhor compreensao do papel
dos eufausideos nos ciclos biolégicos (LONGHURST & HARRISON, 1988) e no fluxo
vertical de matéria organica particulada em uma area de enorme importancia ecoldgica,
estratégica, geopolitica e socioecondmica (pesca) do Atlantico Tropical (MINUTOLI &
GUGLIELMO 2009, 2012).

O presente trabalho é o primeiro estudo de distribuicdo vertical de eufausideos no
ASPSP. Permitindo um maior conhecimento da fauna local, da dindmica do zoopléancton e de
aspectos relevantes destas populacGes visando a compreensdo da ecologia trofica neste
ambiente com dados de distribuicdo vertical destes organismos na coluna d'agua num

ambiente de grande importancia ecologica e econémica do Atlantico.
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Os dados obtidos foram utilizados para testar as seguintes hipdteses:

1. Existem diferencas na composi¢do, abundancia e densidade de Euphausiacea nas
diferentes camadas (camada de mistura, transicdo e termoclina) no Arquipélago de
S0 Pedro e Sédo Paulo, visto que a temperatura pode ser uma barreira fisica na

migracgéo vertical do zooplancton.

2. Existem varia¢es na composicdo, abundancia e densidade de Euphausiacea ao longo
do dia (coletas diurnas e noturnas), pois este grupo tem o comportamento de migrar

verticalmente na coluna d’agua para &guas superficiais.

2. AREA DE ESTUDO

O Arquipélago de Sio Pedro e Sdo Paulo (ASPSP) (00° 55° N, 29° 21” W) é uma Area
de Protecdo Ambiental (APA) e um dos menores e mais isolado arquipélago pertencente a
Zona Econdmica Exclusiva (ZEE) brasileira, caracterizando-se por ser uma area de grande
importancia do ponto de vista biologico e econdmico (ARAUJO & CINTRA, 2009).
Localizado nas proximidades da cordilheira Meso-Atlantica, a cerca de 1000 km da costa
nordeste brasileira e 1800 km da costa africana e formado por um grupo de dez pequenas ilhas
que emergem de profundidades abissais até alguns metros acima da superficie, as quatro
ilhotas principais, Bardo de Teffé, Sdo Pedro, Sdo Paulo e Belmonte, formam entre si uma
enseada em forma de ferradura com profundidade entre quatro e 25 m (CAMPQOS et al., 2009)
(Fig. 1). O oceano Atlantico tropical esta inserido no clima tropical umido e é uma regido
oceanica de baixa produtividade bioldgica, no entanto apresenta alta concentracdo de
atividade pesqueira, devido a presenca de um fenébmeno denominado efeito-ilha, resultado do
sistema de corrente e topografia do ASPSP responsaveis por um aumento da cadeia trofica
marinha (HERNANDEZ-LEON et al., 2001).

A corrente principal na area é a Corrente Sul Equatorial (CSE) que flui
superficialmente no sentido Leste-Oeste, atingindo o ASPSP, com sua vertente Norte (CSEn),
a uma velocidade maxima de 1,5 m-s™ carregando 4guas superficiais vindas do Golfo da

Guiné e da regido e Cabo Verde e Serra Leoa. Em sentido contrario, a Sub-Corrente
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Equatorial (SCE) carrega aguas entre 40 e 150 m de profundidade com velocidade de até 0,7
m-s* (ARAUJO & CINTRA, 2009), originaria da Corrente Norte do Brasil (CNB)
(EDWARDS & LUBBOCK, 1983).

3. OBJETIVOS
3.1. OBJETIVO GERAL

O presente trabalho tem o objetivo de caracterizar e quantificar a ordem Euphausiacea
dentro da comunidade planctonica, através da composi¢do, abundancia e densidade, além de
descrever possiveis padrfes diarios ao longo das diferentes camadas da coluna d’agua no

entorno do Arquipélago de S&o Pedro e Sao Paulo.

3.2. OBJETIVOS ESPECIFICOS

1. Identificar os grupos de Euphausiacea em menor nivel taxonémico;

2. Comparar a composicdo, abundancia e densidade de Euphausiacea em diferentes
camadas e ao longo dos periodos do dia (dia vs noite);

3. Verificar se a temperatura (termoclina) funciona como uma barreira na migracdo de
Euphausiacea;

4. Verificar se existem padrdes caracteristicos de migracdo vertical diaria para larvas e
adultos de Euphausiacea em um ambiente tropical.

3. METODOLOGIA

As amostras foram obtidas no contexto do projeto intitulado “Efeito da turbuléncia sob
a migracdo vertical do plancton no Arquipélago de Sao Pedro e Sao Paulo, Brasil”. A
amostragem foi realizada durante trés campanhas em junho de 2010 (C1), setembro de 2011 e

outubro de 2011 (C2 e C3). Amostras noturnas e diurnas foram coletadas a partir de uma
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profundidade de 100 m até a superficie em camadas de 20 m em duas estacdes fixas, uma a
leste (S1) e uma a oeste (S2) do arquipélago (Fig. 1). Neste trabalho, usamos a isoterma de
20°C como referéncia para determinar a base da camada de mistura superior (CINTRA et al.
2015). O intervalo entre a 25,5°C e 27.5°C corresponde a camada de transi¢do (40-60 m).
Assim, este estudo divide a coluna de 4gua, em trés camadas: Camada de Mistura Superior (0-
40 m), Camada de Transicdo (40-60 m) e Termoclina (60-100 m). Arrastos verticais foram
realizados com uma rede de fechamento tipo Nansen com uma é&rea da boca de 0,28 m? e
malha de 200 um. As amostras foram fixadas e armazenadas em formalina tamponada (4%).
A amostragem foi realizada durante o dia (de 07h50 a 15h20) e durante a noite (18h40 a 02h
20) (hora local). No total, 60 amostras de plancton foram analisadas, sendo 30 amostras
diurnas e 30 amostras noturnas.

Perfis verticais de temperatura foram obtidos com um CTD (SeaBird Eletrdnica
SeaCat SBE-19) para caracterizar a coluna de &gua nas estacfes S1 e S2 durante o dia e a
noite. Somente foi possivel obter esses perfis durante a primeira campanha (C1). Para as
campanhas C2 e C3, os dados foram obtidos a partir das boias PIRATA localizadas a leste e
oeste do arquipélago (Atlas WOAselect World Ocean Select). Uma sonda PME-SCAMP
(Self-Contained Autonomous Microstructure Profiler) foi equipada com um sensor de
fluorescéncia para obter perfis de clorofila a. Amostras de aguas superficiais foram coletadas
para a determinacdo de clorofila a e posterior calibracdo dos perfis obtidos por PME-SCAMP.
Trés lancamentos do SCAMP foram realizados em cada ponto de amostragem, e 0S Seus
valores médios foram usados para cada estrato de profundidade para permitir maior
representatividade estatistica (MELO, 2013). Os perfis foram obtidos até 80 m na estacdo S1
e até 60 m na estacdo S2. Essas profundidades méximas dos perfis se devem a deriva da
embarcacdo durante as perfilagens e a estratégia conservativa adotada para o uso do
equipamento.

As amostras foram triadas em sua totalidade e os eufausideos foram separados de
acordo com o estagio de desenvolvimento (caliptopis, furcilia e adulto) e identificados até o
menor nivel taxondmico possivel, usando literatura disponivel (ANTEZANA, 1976; BAKER
et al., 1991; BODEN 1951, BRINTON, 1975; KNIGHT, 1975; KNIGHT, 1976; LEWIS,
1955; MONTU, 1983; PONOMAREVA, 1969). Individuos danificados que ndo puderam ser
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identificados foram classificados como "Euphausiacea n.id". A Densidade (D) de eufausideos
foi calculada pela formula D = N * V-1, onde N é o nimero total de individuos em cada grupo
taxondmico na amostra; e V € o volume total de &gua filtrada. O volume de &gua filtrada foi
determinada como V = (n * R2 * H), onde r ¢ o raio da boca da rede em metros, e H
representa a profundidade do arrasto, também em metros. A profundidade do arrasto foi
corrigida pelo angulo de inclinagdo do cabo (WALNE et al., 1998). O célculo do
comprimento de cabo necessario para submergir a uma profundidade de 10 m, de acordo com
Calazans et al. (2011) pode ser definida utilizando a equagdo: P = G COS a, onde P ¢ a
profundidade da rede de arrasto, L a distancia percorrida pelo cabo, e o angulo a entre 0 cabo
e a linha vertical obtida por um clinbmetro durante o arrasto.

Dados de densidade foram transformados em log (x + 1) para normalidade e
homoscedasticidade, e testadas com testes de Levene de Kolmogorov-Smirnov (normalidade)
e (homoscedasticidade) (ZAR, 1996). Uma vez que os dados ndo seguem distribuicdo normal,
o teste de Kruskal-Wallis ANOVA foi usado com um nivel de significancia (p) de 0,05 para
identificar diferencas estatisticas na densidade entre as campanhas (C1, C2 e C3) e camadas
(camada de mistura superior, camada de transicdo, Termoclina). Quando os resultados do
teste de Kruskal-Wallis ANOVA foram significativos, o teste de Mann-Whitney foi realizado
a posteriori. As diferencas entre estacdes (S1 vs S2) e variacdo diurna (dia vs noite) foram
testadas usando testes de Mann-Whitney. Para permitir uma avaliacdo sinédtica das diferencas
na distribuicdo vertical entre estdgios e espécies, foi calculada a profundidade média
ponderada (WMD) dos taxons mais abundantes, usando as equacdes fornecidas pelo Bollens e
Frost (1989).
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7. Capitulo 1: Small-scale ontogenetic and diel vertical migration of euphausiids in
relation to the permanent thermocline off the St. Peter and St. Paul’s Archipelago
(Tropical Atlantic)
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INTRODUCTION

Euphausiids are among the most important zooplankton in the oceans, since they
occupy crucial positions in the food web of pelagic zones (BRINTON et al., 1999). All
species of this group are planktonic and exclusively marine (MAUCHLINE, 1980). During
their diel vertical migration (DVM), they transport organic matter vertically, and are among
major secondary producers of the mesopelagic zones (MUJICA & PAVEZ, 2008; MACEDO-
SOARES et al., 2009; PERALTA & MOURA, 2010).

The down flow of carbon can happen in two ways: by gravity, where there is
sedimentation of particulate organic material; and to actively, where the zooplanktonic
organisms that vertically migrate are responsible for the carbon transport to deeper layers
(HERNANDEZ-LEON et al., 2010). The diel vertical migration of these organisms has an
important role in the vertical flow of organic matter, since they feed at night on the surface
and metabolize food in the deeper layers (STEINBERG et al., 2002). Understanding the
processes that affect the vertical transport of organic matter is vital to the comprehension of
carbon capture in the ocean inside (STEINBERG et al., 2002). Evaluating the vertical

migration of organisms as euphausiids from different oceanic areas can clarify some of the
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issues of ecological processes involving these organisms and organic matter. In spite of their
huge importance, there are no data available on the vertical distribution of euphausiids in the
Tropical Atlantic.

Several studies conclude that temperature is an important physical factor in the
migration of these organisms (BRINTON, 1962, 1979; MAUCHLINE & FISHER, 1969;
PERALTA & MOURA, 2010; ROBLEDO & MUJICA, 1999). The thermocline is considered
the most important physical barrier for these migrations (MOORE, 1950). In this study, we
show the influence of the presence of a permanent thermocline on these distributions.
Furthermore, although the vertical distribution of euphausiids is well documented in other
regions (e.g. upwelling and polar ecosystems), the analysis of the vertical distribution is
mostly restricted to adults (ANTEZANA, 1981; BAKER, 1970; BERKES, 1976; BRINTON,
1975; BRINTON et al 1999: DORMAN et al., 2005, FERNANDEZ et al., 2010;
FRAGOPOULU & LYKAKIS, 1990; GONZALEZ -CHAVEZ & ARENAS-FUENTES,
2003; GANGAI et al., 2012; MUJICA & PAVEZ, 2008; ROBLEDO & MUIJICA, 1999)

mostly due to the complexity of identification of larval stages.

Knowledge of the zooplankton around oceanic island environments in the Tropical
Atlantic is still scarce. At the Saint Peter and Saint Paul’s Archipelago, the few investigations
were mainly based on surface or oblique hauls and focused on surface studies with copepods
(MELO et al., 2012), decapod larvae (BRANDAO et al. 2012; KOETTKER et al. 2010) and
on the gross zooplankton community (CAVACANTI & LARRAZABAL, 2004). Knowledge
of diversity and vertical distribution can provide a better understanding of their role in
biological cycles (LONGHURST & HARRISON, 1988) and the vertical flux of particulate
organic matter (MINUTOLI & GUGLIELMO, 2009; 2012) in an area of huge ecological,
strategic, geopolitical and socio-economic (fishery) importance in the Tropical Atlantic
(MINUTOLI & GUGLIELMO 2009, 2012).

The working hypothesis is that the permanent thermocline has an influence on the
distribution and diel vertical migration of euphausiids. Thus, the aim of this study was (1) to

verify the occurrence of ontogenetic vertical migration of euphausiids in the presence of a
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permanent thermocline; and (2) to describe the density and check the displacement of these
organisms in the upper 100 m, comparing distribution between the day and night periods, and
in different sampling stations.

Figure 1: Location of the two sampling stations (S1 and S2) in the Tropical Atlantic. SPSPA: St. Peter
and St. Paul’s Archipelago (Brazil) (Fonte: Autoria Propria).
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MATERIAL AND METHODS

Study area

The study area is located in the Tropical Atlantic (00° 55 'N, 29° 21' W) (Fig. 1). This
region is under the climatic influence of the Intertropical Convergence Zone (ICZ). It is
characterized by being a Marine Protected Area (MPA), one of the smallest and most isolated
oceanic islands in the Brazilian Exclusive Economic Zone (EEZ) (ARAUJO & CINTRA,
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2009). The station S1 to the east of the archipelago is 145 m deep and the station S2, the West
has 200 m.

Sampling method and treatment of samples

Samples were obtained as part of a project to study the effect of the turbulence in the
vertical migration of plankton off the Saint Peter and Saint Paul’s Archipelago. Sampling was
conducted during three campaigns in June 2010 (C1), September 2011 and October 2011 (C2
and C3). Night and day samples were collected from a depth of 100 m to the surface in layers
of 20 m at two fixed stations, one to the east (S1) and one to the west (S2) of the archipelago
(Fig. 1). In this paper, we use the isotherm of 20°C as a reference to determine the base of the
Upper Mixed Layer (CINTRA et al., 2015). The range between 27.5° to 25.5°C corresponds
as the Transition Layer (40-60 m). Thus, this study divides the water column in three layers:
Upper Mixed Layer (0-40 m), Transition Layer (40-60 m) and Thermocline (60-100 m).
Vertical hauls were performed with a Nansen type closing net with a mouth area of 0.28 m?
and a mesh size of 200 pum. Specimens were fixed and stored in buffered formalin (4%).
Sampling was performed during the day (from 07:50 to 15:20) and overnight (18:40 to 02:
20h) (local time). In total, 60 plankton samples were analyzed, being 30 from daytime
samplings and 30 from nighttime samplings.

Vertical profiles of temperature were obtained with a CTD (SeaBird Electronics
SeaCat SBE-19) to characterize the water column at stations S1 and S2 during day and night.
It was only possible to obtain these profiles during the first year (C1). For campaigns C2 and
C3, data were obtained from the PIRATA buoys located east and west of the archipelago
(WOAselect World Ocean Atlas Select). A PME-SCAMP (Self-Contained Autonomous
Microstructure Profiler) profiling probe equipped with a florescence sensor was used to obtain
chlorophyll a profiles. Surface water samples were collected for the determination of
chlorophyll a and subsequent calibration of profiles obtained by PME-SCAMP. Three
releases of SCAMP were performed on each sampling point, and their mean values were used
for each depth stratum (ARAUJO et al. 2005). Profiles were obtained down to 80 m at station
S1 and down to 60 m at station S2. These maximum depths are due to the drift of the vessel

during the profiling and the conservative strategy adopted for the use of this probe.
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Data analysis

Samples were analyzed in their totality and the Euphausiids were separated according
to larval stages (calyptopis and furcilia) and identified to the lowest possible taxonomic level,
using all available literature (ANTEZANA, 1976; BAKER et al., 1991; BODEN 1951,
BRINTON, 1975; KNIGHT, 1975; KNIGHT, 1976; LEWIS, 1955; MONTU, 1983;
PONOMAREVA, 1969). Damaged individuals that could not be identified were classified as
“Euphausiacea n.id”. Density (D) of euphausiids was calculated by the formula D = N * V-1,
where N is the total number of individuals in each taxon in the sample; and V is the total
volume of filtered water. The volume of water filtered by the net was determined as V = (z *
r? * H), where r is the radius of the mouth of the net in meters, and H is the tow depth, also in
meters. The depth of the tow has been corrected by the net cable inclination angle (WALNE
et al., 1998). The calculation for the length of cable designed to submerge a depth of 10 m,
according to Calazans et al. (2011) may be defined using the equation: P = L cos o, where P is
the depth of the trawl, L a cable distance traveled, and the angle o between the cable and the
vertical line obtained by an clinometer during tow.

Density data were log (x + 1) transformed to improve the normality and
homoscedasticity, and tested with Kolmogorov-Smirnov (normality) and Levene tests
(homoscedasticity) (ZAR, 1996). Since the data were not normally distributed, the Kruskal-
Wallis ANOVA was used at a significance level of 0.05 to identify statistical differences in
density between campaigns (C1, C2 and C3) and depth layers (Upper Mixed Layer, Transition
Layer, Thermocline). When the results of the Kruskal-Wallis ANOVA were significant, a
Mann-Whitney test was performed a posteriori. Differences between stations (S1 vs S2) and
diurnal variation (day vs night) were tested using Mann-Whitney tests. To permit a synoptic
assessment of differences in vertical distribution between stages and species, the Weighted
Mean Depth (WMD) of the most abundant taxa was calculated for each vertical profile and

each station, using the equations provided by Bollens and Frost (1989).
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RESULTS

Salinity, temperature and chlorophyll a

One water masse were identified in the upper 100m: Tropical Surface Water (TSW),
with temperature > 28°C, associated to the upper mixed layer (Fig. 2a). Considering CTD and
WOAselect data, we observed a transition layer, which includes the base of the mixed layer
and the beginning of the thermocline, with temperatures ranging between 25.5°C and 27.5.
The transition layer (Fig. 2a) is located at 40-60 m depth in all temperature profiles.

Surface temperature varied between 28.2 and 28.4°C, decreasing to approximately
19.5°C near 100 m depth (Fig. 2). Salinity was practically constant, between 36.1 e 36.3 from
the surface until 100 m depth in all profiles. An increase in the concentration of chlorophyll a
was observed towards greater depths, with 0.17 mg m™ on the surface and 0.90 mg. m= at 70
m depth (Fig. 2).

Figure 2: Vertical profiles from 0 to 100 m at the sampling stations S1 and S2 during the day and night
off the St. Peter and St. Paul’s Archipelago, Brazil. A: vertical profiles of temperature. B: vertical
profiles of chlorophyll a. White area: Upper Mixed Layer (ML); Light grey area: Transition Layer
(TR); Dark grey area: Thermocline (TH) (Fonte: Autoria Prdpria).
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Species composition and density

A total of 948 individuals were identified, with an average density of 2.65 ind.m™ (up
to 30.4 ind. m3). Twelve species that belong to four genera of the Euphausiidae were
identified: Euphausia Dana, 1850; Nematoscelis G. O. Sars, 1883; Stylocheiron G. O. Sars,
1883 and Thysanopoda Milne Edwards, 1830 (Tablel). The euphausiid community was
mostly composed by larvae (calyptopis and furcilia stages), comprising more than 80% of all
individuals (43.4% and 37.6%, respectively). Larvae of the genus Euphausia were most
abundant, with 56.4% of all individuals caught (31.6% calyptopis and 24.8% furciliae).
During the day, Euphausia larvae were clearly dominant, in spite of overall lower densities
(mean: 0.4 ind. m?). At night, Euphausia larvae (1.2 ind. m3) and E. americana (0.29 ind. m’
%) showed the highest mean densities. Nematoscelis megalops G. O. Sars, 1885, Stylocheiron
abbreviatum G. O. Sars, 1883 and Stylocheiron affine Hansen, 1910 were exclusively diurnal,
while Euphausia similis G. O. Sars, 1885, Euphausia diomedaea Ortmann, 1894 and
Thysanopoda aequalis Hansen, 1905 were exclusively nocturnal (Table 1).

When comparing total euphausiid density (adults and larvae) between the three
campaigns, highest values were found during C1, which contributed with 63.8% of total
organisms. During this campaign, euphausiids were present in all layers, and an increase in
density with depth was observed an until the transition layer during the night with 17.9 ind.m’
3 at Sland 6.1 in ind.m? at S2 (Fig. 3). During C2 and C3, no clear pattern of vertical
distribution was found. During C2, lower densities were observed, contributing only with 7%
of all euphausiids. Despite this, some taxa were exclusively found in campaign C2: E.
diomedeae, Nematoscelis spp., N. megalops, Thysanopoda spp. and T. aequalis. During C3,
vertical distribution varied considerably between the two stations (Fig. 3). At station S1,
highest nocturnal densities were observed in the upper mixed layer, while at station S2, higher

values were found in the transition and deeper layers (Fig. 3).
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Table 1: Relative abundance (RA) and mean density of euphausiids caught off the St. Peter and St.
Paul’s Archipelago, Brazil, from June 2010 to October 2011. n. id.: Not Identified (Fonte: Autoria
Propria).

ind.m-3 ind.m-3

Taxon Stage of development  RA (%) Mean Maximum

Day Night Day Night
Euphausia Dana, 1850 n. id calyptopis larvae 316 045 1.20 1266  10.97
Euphausia n. id furcilia larvae 248 035 0.90 9.56 9.39
Euphausia n. id adult 76 0.10 0.30 2.73 1.92
E. americana Hansen, 1911 adult 56  <0.01 0.29 0.17 2.88
E. tenera Hansen, 1905 adult 2.1 0.05 0.07 1.36 0.85
E. similis G.O. Sars, 1885 adult 11 0.06 1.19
E. diomedeae Ortmann, 1894 adult 0.1 <0.01 0.16
Nematoscelis G. O. Sars, 1883 n. id larvae, adult 0.3 0.01 0.16
N. atlantica Hansen, 1916 adult 0.6 0.02 0.02 0.17 0.16
N. megalops G.O. Sars, 1883 adult 0.1 0.01 0.17
Stylocheiron G. O. Sars, 1883 n. id calyptopis larvae 0.2 0.01 0.34
Stylocheiron n. id furcilia larvae 38 0.08 0.12 1.19 0.48
Stylocheiron n. id adult 0.4 0.02 0.69
S. abbreviatum G.O. Sars, 1883 adult 0.2 0.01 0.17
S. affine Hansen, 1910 adult 01 <001 0.17
S. carinatum G.O. Sars, 1883 calyptopis larvae, adult 6.2 0.05 0.30 1.44 2.24
S. carinatum furcilia larvae 4.8 0.05 0.20 0.68 1.12
S. suhmi G.O. Sars, 1883 larvae, adult 1.1 0.06 0.03 0.85 0.17
Thysanopoda Milne Edwards, 1830 n. id larvae, adult 0.6 0.03 0.32
T. aequalis Hansen, 1905 larvae, adult 0.6 0.03 0.64
T. tricuspidata Milne Edwards, 1837 larvae, adult 06 <001 0.03 0.17 0.17
Euphausiacea Dana, 1852 (others) larvae 6.5 0.07 0.27 0.66 3.58

Euphausiacea (total) larvae, adult 100 13 4.0 325 37.1
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Figure 3: Vertical distribuition of the total euphausiids density during the three campaigns and stations
off the St. Peter and St.Paul’s Archipelago, Brazil. White bars: daytime. Black bars: nighttime. White
area: Upper Mixed Layer (ML); Light grey area: Transition Layer (TR); Dark grey area: Thermocline
(TH) (Fonte: Autoria Propria).
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Stage-specific vertical distributions

Larvae were always more abundant (~ 80%) than adults, independent of the campaign.
Each life history stage showed a different vertical distribution pattern (Fig. 4). Calyptopis
larvae showed peak densities in the transition layer. Furciliae were concentrated in the upper
mixed layer (Fig. 4). For adults, different vertical patterns were observed for each taxon
during at night; Euphausia spp. were present in higher densities in the upper mixed layer
(C1), Stylocheiron spp. were observed only in the thermocline and S. carinatum below the
upper mixed layer (C2/C3) (Fig. 4).

Density of calyptopis larvae, ranged from 0.1 to 14 ind. m’3, with significantly higher
values at night (Mann-Whitney U test, U= 262, N1= 30, N2= 30, P = 0.005; Fig. 5a).
Significant differences in calyptopis density were detected between the three campaigns
(Kruskal-Wallis test, H2= 8.02, P = 0.02, night samples only), with significantly higher
density during the campaign C3 (Mann-Whitney U test, P < 0.05; Fig. 5b). Calyptopis larvae
did not show any differences between the three layers, during day and night. For the furciliae,
density varied between 0.1 and 11.1 ind. m’, with higher values also at night (Mann-Whitney
U test, U= 271.5, N1= 30, N2= 30, P = 0.008; Fig. 5a.). Similarly, a significant difference
between campaigns was also found for these larvae (Kruskal-Wallis test, H2= 6.97, P = 0.03,
night samples only), which were more abundant in C1 (Mann-Whitney U test, P = 0.02; Fig.
5b). In contrast to calyptopis, furcilia larvae presented a distinct vertical distribution, with
significant differences between layers (Kruskal-Wallis test, H2=7.97, P = 0.02; night samples
only). Significantly higher density of furciliae was found in the upper mixed layer (Mann-
Whitney U test, P = 0.002; Fig. 6). During daytime, no difference between layers was
observed, probably due to the low densities during the day. No significant differences were
found between the sampling stations S1 and S2 for both larval stages.

Adults comprised 24.5% of the euphausiid community. The most abundant taxa were
Euphausia spp. (30.8%), E. americana (23%), S. carinatum (19.1%), E. tenera (8.6%), E.
similis (4.3%), and S. suhmii (4.3%) (Table 1). Considering all adults, density varied between
0.1 and 2.8 ind.m3, with higher abundance at night (Mann-Whitney U test, U= 251, N1= 30,
N2= 30, P = 0.003; Fig. 5a). When analyzing the vertical distribution of adults, significant
differences between layers were detected at day (Kruskal-Wallis test, H2= 10.01, P < 0.007)
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and night (Kruskal-Wallis test, H2= 8.13, P < 0.01). Total adults where significantly more
abundant in the transition layer at day and in the upper mixed layer at night (Mann-Whitney U
test, P < 0.05; Fig. 5). In contrast to the larvae, no significant difference was found in adult
density between the three campaigns. Also, no significant difference was found in adult

density between sampling stations S1 and S2, similarly to the larvae.

Figure 4: Ontogenetic diel vertical distribution during the three campaigns off the St. Peter and St.
Paul’s Archipelago, Brazil. White bars: daytime. Black bars: nighttime. White area: Upper Mixed
Layer (ML); Light grey area: Transition Layer (TR); Dark grey area: Thermocline (TH) (Fonte:
Autoria Propria).
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Figure 5: Total density of euphausiids (larvae and adults) during the day and night off the St. Peter and
St. Paul’s Archipelago, Brazil. A: day vs night and B: campaigns during of night. White area: Upper
Mixed Layer (ML); Light grey area: Transition Layer (TR); Dark grey area: Thermocline (TH) (Fonte:
Autoria Prdpria).
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Species-specific vertical distribution

Characteristic species-specific vertical distribution patterns were found for the adults
of the most abundant species (Fig. 7). The vertical distribution of adults could be well
described for three species of the genus Euphausia. These three Euphausia species showed
very distinct vertical patterns, especially during the night. E. americana, the most abundant
species in this study, showed highest nocturnal densities in the uppers layers, in contrast to E.
tenera, which increased density with depth (Fig. 7). On the other hand, E. similis showed
higher nocturnal densities in the transition layer. All Euphausia species showed very low
densities or were totally absent during the day. E. similis did not occur in the upper 100m
during the day, while E. americana and E. tenera occurred in the transition layer during the
day, at very low densities (Fig. 7).Two species of the genus Stylocheiron could be separately
described regarding their adult vertical distribution. S. carinatum during the day was absent in
the upper mixed layer an showed a density decrease with depth from the transition layer,
while S. suhmii clearly showed a density decrease pattern with depth. During at night S.
carinatum showed a distribution pattern similar to E. americana with a density decrease with
respect to depth. During the day, most species did not occur in the upper mixed layer, except
for S. suhmii and Nematoscelis atlantica. (Fig.7). These two species occurred in higher

densities during the day that during the night (Fig. 7).
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Figure 7: Diel vertical distribution of adults found in the St. Peter and St. Pauls’s Archipelago for the
two periods of the day. White bars: day. Black bars: night. White area: Upper Mixed Layer (ML);
Light grey area: Transition Layer (TR); Dark grey area: Thermocline (TH) (Fonte: Autoria Propria).
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Stage- and species-specific variations in weighted mean depth

The synoptic analysis of the vertical distribution through the calculation of weighted
mean depth. The larvae of Euphausia spp. and Stylocheiron spp. had their WMD concentrated
in the upper mixed layer during the night. Furcilia larvae of these taxa also had WMDs in the
upper mixed layer during the day. Calyptopis larvae of Euphausia spp. had their WMD in the
transition layer, during day and night (Fig. 8). Among adults, Euphausia spp., E. tenera, E.
americana and S. carinatum had their WMD concentrated in the upper mixed layer during the
night and in the transition layer during the day (Fig. 9).

Figure 8: Mean of weighted mean depth (WMD) of the larvae (calyptopis and furcilia) in the St. Peter
and St. Pauls’s Archipelago for the two periods of the day, from June 2010 to October 2011. During
the day (white circles) and night (black circles). ML = Upper Mixed Layer; RT = Transition Layer;
TH = Thermocline (Fonte: Autoria Prépria).
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Figure 9: Mean of weighted mean depth (WMD) of the adults in the St. Peter and St. Pauls’s
Archipelago for the two periods of the day, from June 2010 to October 2011. During the day (white
circles) and night (black circles). ML = Upper Mixed Layer; RT = Transition Layer; TH =
Thermocline (Fonte: Autoria Propria).
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DISCUSSION

The findings from this study brought important and new information regarding
Euphausiacea in the tropical Atlantic. Most of the previous studies were performed in
upwelling ecosystems (BRINTON, 1979; SAMEOTO et al., 1987; BARANGE, 1990;
FRAGOPOULO & LYKAKIS, 1990; GIBBONS, 1993; LAVANIEGOS, 1996), boreal and
polar ecosystems (TODD et al., 1996; GATEN at al., 2008; BUCHHOLZ et al., 2010;
ORLOVA et al., 2015). Several new features have been observed for euphausiids in this
research. This study describes, for the first time, how the ontogenetic distribution of
Euphausiacea behaves vertically in the water column in relation to a permanent thermocline in
tropical areas of the Atlantic Ocean, in addition to describing diel vertical patterns for the
species registered in oligotrophic to environmental at tropical Atlantic. These organisms are
one of the most important zooplankton groups, given that they play a relevant role in the
vertical flow of organic matter, micro- and macro-nutrients, radioisotopes and heavy metals
(KEEN, 2012). Despite their extreme importance within the zooplankton communitxy, the

group remains poorly studied, particularly in tropical environments.

Stage- and species-specific abundance

In this study, a greater abundance of Euphausiacea larvae (calyptopis and furcilia) was
observed when compared to adults. This may be explained by the continuous process of
reproduction of these organisms, typical of a tropical environment (ROGER, 1976;
FERNANDEZ et al., 2002). The species E. americana, E. tenera, S. carinatum, S. suhmii, S.
affine, S. abbreviatum and T. aequalis are common in the tropical regions of the oceans
(CASTELLANOS & GASCA, 2002). The most abundant euphausiid species (E. americana,
S. carinatum and E. tenera) are known for having high density values in epipelagic regions,
especially at night. Among the species found in this study, E. americana is endemic of the
Atlantic and also the most abundant on surface surface off the Brazilian east coast
(ANTEZANA & BRINTON, 1981). While E. diomedae and E. similis are known to occur
from about 75 to 300 m depth, they are not abundant species in tropical regions (GIBBONS et
al.,, 1999). S. suhmii and S. abbreviatum are species typical of epipelagic regions
(CASTELLANOS & GASCA, 2002). The lower abundance of S. affine in relation to other
species of this genus might be associated with its distribution, since this species occurs at
depths greater than 200 m (GIBBONS et al., 1999). The species T. aequalis and T.
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tricuspidata also reflect on its migration behavior; species of the genus Thysanopoda are
typical of deep water, reaching 700 m during the day (MAUCHLINE 1980) and also were
registered rarely, as N. megalops and N. atlantica which usually occurs from 250-400 m to
600 m depth, respectively (GIBBONS et al., 1999, WERNER & BUCHHOLZ, 2013).

Temporal variability

In this study, there was a large variability temporal density and species composition,
principalmente entre as campanhas C2 e C3, despite the short time between campaigns.
Euphausiids were most abundant during a campanha 1, with a stronger contribution of the
genus Euphausia. In contrast, a larger number of species was recorded when compared to the
campanhas, E. diomedeae, Nematoscelis spp., N. megalops, Thysanopoda spp. and T.

aequalis were only observed during the campanha 2.

Ontogenetic vertical migration

This study provides evidence for ontogenetic vertical migration patterns of
euphausiids in the study area. When viewed in its entirety (12 species), the vertical
distribution ranges of euphausiids were very different. These patterns are very relevant to
understand the behavior of these animals in relation to a permanent thermocline. During the
day, calyptopis larvae were registered at the surface, which are initial larvae with inexpressive
significant vertical migration. Even the early calyptopis larvae have functional mouths and
therefore require food; it is suspected that these larvae move to layers with greater food
availability (MAUCHLINE & FISHER, 1969; LAVANIEGOS, 1992). In the present study,
calyptopis larvae were concentrated in the transition layer, coincidently with higher
chlorophyll a concentrations obtained in this study. In addition, furciliae larvae and adults
were most abundant in upward thermocline. This pattern is well described for various oceanic
systems, including the Saint Peter and Saint Paul Archipelago for several species of
zooplankton (MELO et al., 2012, BRANDAO et al., 2012). Stylocheiron spp. achieved
greater density in the thermocline, this probably happened due to low overall density of this
group at this stage. During the day, the densities are even lower, since most euphausiids
species migrate to layers below 200 m during this period and so it was not possible to observe
patterns (GIBBONS et al., 1999).



42

Species-specific vertical distribution

Larval (furciliae) and adult density was significantly higher at night, which indicates
that vertical migration is being carried out by these organisms as well as the differences
between epipelagic communities during day and night. This behavior may be a response to
several factors, such as light intensity, food availability, depth, and physical features of the
water column (ANTEZANA & BRINTON, 1981; GIBBONS et al., 1999). Despite of absent
of studies for the distribution of Euphauciacea in the Tropical Atlantic, some studies have
described the migration pattern for adults of some species, such as E. Americana, E. tenera, T.
aequalis, N. megalops, N. atlantica, C. carinatum, S. suhmii e S. abbreviatum, in the others
areas (BARANGE, 1990; LEWIS, 1954, WERNER & BUCHHOLZ, 2013). Species of the
genus Euphausia are known to perform large amplitude DMV and are often found on the
surface at night (ROGER, 1971; MAUCHLINE, 1980, WERNER & BUCHHOLZ, 2013). S.
carinatum was also abundant at night in the surface layers, but unlike the genus Euphausia,
the genus Stylocheiron is epipelagic and does not perform large migrations, remaining in this
layer during the day and at night (BRINTON, 1975). Were registered S. carinatum and S.
suhmii at a depth range between 50 and 150 m during the day and between 0 and 75 m at
night in the California Current region (BRINTON, 1967). The species E. americana, E.
similis and E. tenera alternated abundance peaks between the layers at night, possibly
indicating resource partitioning in the environment. The differences of the density values for
species of S. carinatum and S. suhmii also may by results of interaction intraespecifc. Spatial
partitioning of ecosystem by holopelagic crustacean species has been reported in different
zones of the Mid Atlantic Ridge (CARDOSO et al., 2014).

Comparison of species richness between regions

The number of species (12) registered for the SPSPA was similar to the species
richness recorded for highly productive ecosystems, such as across a front off Southern
California, with 11 species (LARA-LOPEZ et al., 2012) and for upwelling ecosystem in Chile
with 10 species (FERNANDEZ et al., 2002). The diversity of species was higher than the
species richness found around Easter Island, another extremely oligotrophic area, between
the surface and 250 m depth, with only 6 species registered there (ROBLEDO & MUJICA,
1999). In addition, it was also higher than the species richness observed at higher latitudes,
such as on the Norwegian shelf, where only five species were registered (DALPADADO,
2006). In the waters around the Antarctic Peninsula, only three species were described

(ZHOU et al., 1994). This pattern of lower species richness at higher latitudes is common in
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all oceans (LETESSIER et al., 2009). Eleven of the species found have been cited for the
archipelago (MACEDO-SOARES, et al. 2009)

The oceanic regions that circle islands as SPSPA are favorable environments to
increase the planktonic biomass, as these environments can occur deep water upwelling of
nutrient enriched (HERNANDEZ-Leon et al., 2001). Changing topography of the ocean flow
caused by the presence of an island has no effect on the marine ecosystem. This effect is
called island-mass effect, it has been extensively studied in SPSPA and may have a relation to
the largest number of species found in this region (HERNANDEZ-Leon et al., 2001).

Our data support the idea that the transition layer is an important habitat for
euphausiids in the study area, since several taxa and stages (e.g. calyptopis) showed density
peaks and WMDs concentrated in this layer. The excessive surface light in these latitudes
makes that the organisms focus on depths in which the light and the nutrient concentration are
closer to the ideal (MOSER et al., 2015; MARIN et al., 2006), which may leas to an optimal
vertical strategy which in this area would be in the transition layer at the base of the mixed
layer (~ 40 to 60m).

Despite the robust results for the euphausiid community, the vertical distributions of
some groups could not be detailed because of their low density. The dominance of a few
species and rare occurrence of the majority of the others is very well documented in
community ecology (e.g. RICKLEFS, 1987; VELLEND, 2010), particularly in the pelagic
environment, when taking into account the high patchiness found among planktonic
organisms (FOLT & BURNS, 1999).

The permanent thermocline around of the SPSPA suffers temporal changes, in May
and June the presence strong winds modify hydrodynamics and lead to increased turbulence
and a shallower thermocline (CINTRA et al., 2015). However, this study indicates that the
thermocline dos not present a barrier for euphausiids in our study area. In tropical regions, the
strong vertical stability and permanent stratification of the environmental separates the water
column in a warm and nutrient-poor top layer, which is richer nearer the thermocline,
influenced (by diffusion) of the deepest and nutrient-rich layer (MANN & LAZIER, 1991;
LONGHURST, 1985).

In summary, our findings shed new light to the role of the permanent thermocline in
the distribution and diel vertical migration of euphausiids in the Tropical Atlantic. Our results
indicate that at night, there is a strong vertical segregation of the main species of euphausiids,
such as reported in for highly stratified upwelling areas (BARANGE, 1990). The night

distribution was well described since these organisms rise to the surface during the night.
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However, they could not be observed diurnal distribution patterns, as euphausiids are present
in the layers below 100 m during this period. Since euphausiids constitute one of the most
important links in the oceanic trophic webs, this study has a great ecological relevance
(LETESSIER et al., 2009).
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7. CONCLUSOES GERAIS

e Foram registrados eufausideos em todas as profundidades, com uma diferenca
marcante entre os periodos diurnos e noturnos; sugerindo que estes organismos
realizam amplas migracGes diarias.

e Foram descritos pela primeira vez, padrbes de distribuicdo verticais para larvas e
adultos de Euphausiacea em ambiente oligotréfico, com destaque para espécies do
género Euphausia.

e A camada de transicdo é um habitat importante para eufausideos na area de estudo.
Esta camada inclui o topo da termoclina, onde hd maior concentracéo de fitoplancton e
a intensidade da luz ndo é muito alta, ideal para fotossintese. Desta forma, eufausideos
que se alimentam do fitoplancton apresentaram picos de densidade nesta camada (ex.:
caliptopis).

e Apesar da distribuicdo ontogenética ter apresentado padrfes distintos com relacdo a
termoclina, a mesma ndo funciona como uma barreira para as espécies de

Euphausiacea registradas neste estudo.



