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RESUMO 

 

Vídeos vêm sendo utilizados em estudos marinhos por aproximadamente 70 anos 

e têm sido aplicados como uma alternativa ou complemento a outras técnicas de 

estudo do ambiente marinho. A aplicação desta tecnologia é prática e produz um 

registro permanente de dados que podem ser analisados diversas vezes. Neste 

trabalho foram utilizadas técnicas de vídeos em duas situações: 1) para avaliar a 

capturabilidade de peixes pela pesca de arrasto de fundo e seu impacto na plataforma 

continental do Nordeste do Brasil (5ºS - 9ºS) e 2) para estudar a distribuição da 

ictiofauna ao longo da plataforma insular de Fernando de Noronha, Brasil. No primeiro 

estudo foram comparadas as assembleias de peixes capturadas em arrastos de fundo 

científicos, com as que foram amostradas a partir de vídeos (oriundos de uma câmera 

acoplada a rede) realizados simultaneamente. Não houve diferença significativa entre 

a estrutura das assembleias de peixes dos arrastos e dos vídeos. Porém, foram 

observadas tendências de capturabilidade relacionadas ao comportamento, 

morfologia e capacidade natatória dos peixes. Também foram quantificadas por meio 

dos vídeos 168 esponjas, as quais majoritariamente eram arrancadas ao entrar em 

contato com a rede de arrasto. Os vídeos demonstraram ser uma alternativa científica 

eficiente para o levantamento da abundância e distribuição dos peixes marinhos. Além 

disso, confirmaram o impacto negativo da pesca de arrasto nos fundos carbonáticos, 

tornando este tipo de pesca nessas zonas um risco ambiental. No segundo estudo foi 

utilizado o método “tow video” para avaliar a distribuição por habitat e por profundidade 

da ictiofauna. Foram registradas longas extensões de rodolitos, agregações de peixes 

na quebra da plataforma e um novo registro de espécie em Fernando de Noronha: 

Prognathodes guyanensis. Além disso, vimos que a estrutura das assembleias de 

peixes é diferente entre o Mar de Dentro e Mar de Fora, bem como entre as categorias 

de profundidade: Rasa (0 – 30 m) e Mesofóticas (abaixo de 30 m); e entre as zonas 

Mesofótica Superior (30 – 60 m) e Mesofótica Média (60 – 90 m). A técnica utilizada 

de “tow video” demonstrou ser uma metodologia eficaz e promissora para a 

observação e monitoramento de assembleias de peixes em ecossistemas de alta 

diversidade. 

 

Palavras-Chave: Distribuição de peixes. Arrasto de fundo. Capturabilidade. Zonas 

mesofóticas. 



 

 

ABSTRACT 

 

Videos have been used in marine studies for approximately 70 years and have 

been applied as an alternative or complement to other techniques for studying the 

marine environment. The application of this technology is practical and produces a 

permanent record of data that can be analyzed several times. In this study, video 

techniques were used in two situations: 1) to evaluate fish catchability by bottom 

trawling and its impact on the continental shelf of Northeast Brazil (5ºS - 9ºS) and 2) 

to study the distribution of ichthyofauna along the insular shelf of Fernando de 

Noronha, Brazil. In the first study, fish assemblages caught in scientific bottom trawls 

were compared with those sampled from videos (from a net-mounted camera) 

performed simultaneously. There was no significant difference between the structure 

of the fish assemblages from the trawls and from the videos. However, trends of 

catchability were observed related to the behavior, morphology and swimming capacity 

of fish. Also, 168 sponges were quantified through the videos and most of them were 

pulled out when in contact with the trawl net. Videos proved to be an efficient scientific 

alternative to study the abundance and distribution of marine fish. In addition, they 

confirmed the negative impact of trawling on the carbonate bottom, presenting this type 

of fishing in these areas as an environmental risk. In the second study, the "tow video" 

method was used to evaluate the ichthyofauna distribution by habitat and by depth. 

Long segments of rhodoliths, fish aggregations at the shelf break and a new record of 

species in Fernando de Noronha: Prognathodes guyanensis were recorded. In 

addition, we found the structure of fish assemblages is different between the Leeward 

Side and the Windward Side, as well as between the depth categories: Shallow (0 - 30 

m) and Mesophotic (below 30 m); and between the Upper Mesophotic (30 - 60 m) and 

Middle Mesophotic (60 - 90 m) zones. The "tow video" technique used has proven to 

be an effective and promising methodology for the observation and monitoring of fish 

assemblages in high diversity ecosystems. 

 

Keywords: Fish distribution. Bottom trawl. Catchability. Mesophotic zones.  
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1 INTRODUÇÃO GERAL 

 

 Ecossistemas marinhos tropicais são dinâmicos e possuem alta 

heterogeneidade espacial, apresentando diferentes habitats, como recifes, mangues 

e áreas de fundo arenoso, os quais estão conectados por diversos processos físicos, 

químicos, biológicos e geológicos (GROBER-DUNSMORE et al., 2009). A 

conectividade entre estes diferentes habitats, o tamanho e complexidade destas áreas 

influenciam na distribuição e composição das assembleias de peixes (JONES; 

ANDREW 1992; BERKSTRÖM et al., 2013). 

 Em pesquisas sobre a ecologia da comunidade íctia, uma técnica muito comum 

é o censo visual subaquático, primeiramente descrito por Brock (1954), sendo 

considerada a ferramenta mais utilizada nos estudos de ambiente recifal em águas 

rasas. Porém, tem sido reconhecido que em áreas de maior profundidade, 

inacessíveis a mergulhadores, também é necessária a pesquisa e conservação 

ambiental (CAPPO et al., 2003). Nos estudos sobre peixes em áreas mais profundas, 

os métodos de pesquisa mais utilizados são baseados em técnicas de pesca 

extrativista, como redes de arrasto, armadilhas e linhas, dependendo da topografia do 

fundo marinho (CAPPO et al., 2003). 

Uma alternativa e complemento a esses métodos é o uso de vídeos (WATSON 

et al., 2005). O primeiro trabalho científico publicado utilizando técnicas de vídeo foi 

em 1952, onde uma televisão subaquática foi construída para estudar a biologia de 

organismos marinhos (BARNES, 1952). Desde então, técnicas de vídeo têm sido 

implementadas a diversos campos de pesquisa relacionados a peixes marinhos, tais 

como ecologia de peixes e recifes mesofóticos (BLYTH-SKYRME et al., 2013; 

ANDRADI-BROWN et al, 2016), estrutura de comunidade de peixes demersais 

(FITZPATRICK et al., 2012), distribuição espacial (PELLETIER et al., 2012), 

comportamento alimentar (CUMMINGS et al., 1966; VÉRGES et al., 2012), natação 

dos peixes (KROHN e BOISCLAIR, 1994) e avaliação da funcionalidade e impactos 

de apetrechos de pesca, como redes de arrasto (SMITH et al., 2000; HUMBORSTAD 

et al., 2004). 

Atualmente, com os avanços tecnológicos, existem inúmeras metodologias de 

vídeo (MALLET e PELLETIER, 2014), como o vídeo subaquático remoto com isca - 

BRUV (ELLIS e DeMARTINI, 1995), vídeo operado por mergulhadores - DOV 

(ALEVIZON e BROOKS, 1975), vídeo operado remotamente - ROV (ADAMS et al, 
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1995), veículo submarino autônomo - AUV (CLARKE et al., 2010; SINGH et al., 2013), 

vídeo rebocado – TOW Video (MACHAN e FEDRA, 1975) e submersíveis (LEMBKE 

et al., 2017). As principais vantagens destas técnicas são a produção de um registro 

permanente de dados de campo, permitindo várias análises do material e 

consequentemente identificações mais consistentes dos organismos (CRUZ et al., 

2008; PELLETIER et al., 2011). Além disso, os vídeos apresentam um satisfatório 

custo-benefício e não são destrutivos para o ambiente (SPENCER et al., 2005, 

MALLET e PELLETIER, 2014).  

 No Brasil, as técnicas de vídeos foram introduzidas pelo Grupo de Pesquisas 

em Recifes de Corais e Mudanças Globais (RECOR), da Universidade Federal da 

Bahia (UFBA), em 2003 (CRUZ et al., 2008). Eles utilizaram o método de vídeo 

transecto, adaptado de Aronson e Swanson (1997) e Page et al. (2001), para estudar 

os recifes de corais da Baía de Todos os Santos, Bahia, Brasil (DUTRA et al., 2006). 

Posteriormente, o método de vídeo transecto foi melhor descrito e testado no trabalho 

de Cruz et al. (2008), onde foi encontrado que o número de seis vídeos transectos, 

com 20 m de comprimento, como o menor esforço amostral para avaliar a comunidade 

de coral dos recifes de Itacolomis, Bahia, Brasil. O número de pesquisas no Brasil 

utilizando vídeos como principal método de estudo da vida marinha, como organismos 

bentônicos e mamíferos marinhos (SPIER et al., 2012; ROLIM et al., 2019), tem 

crescido, porém ainda é pequeno em comparação a outros países (MALLET e 

PELLETIER, 2014).   

 No presente trabalho foram utilizadas técnicas de vídeos em duas situações: 1) 

para avaliação da capturabilidade de peixes pela pesca de arrasto de fundo e seu 

impacto na plataforma continental do Nordeste do Brasil (5ºS - 9ºS), usando como 

modelo arrastos científicos e 2) para estudar a distribuição da ictiofauna ao longo da 

plataforma insular de Fernando de Noronha, utilizando o método TOW Video, com um 

sistema de câmeras original desenvolvido pelo Prof. Dr. Mauro Maida do 

Departamento de Oceanografia, UFPE.  

Diante disso, este trabalho foi dividido em dois capítulos para melhor 

apresentação das informações e resultados obtidos. O capítulo um é o primeiro estudo 

em que são analisadas e comparadas as assembleias de peixes capturadas por redes 

de arrasto e amostradas a partir de vídeos realizados simultaneamente. O capitulo 

dois além de analisar a distribuição por profundidade e por habitat de peixes, fornece 

dados inéditos, uma nova ocorrência de espécie (Prognathodes guyanensis) no 
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Arquipélago de Fernando de Noronha, Brasil. Ambos estudos contribuem para a 

compreensão das variações espaciais da biodiversidade íctia, permitindo a 

identificação de áreas prioritárias para conservação, utilizando um método não-letal e 

não-destrutivo ao ecossistema marinho. Desta forma, podem auxiliar na criação de 

estratégias de manejo e conservação necessárias para a manutenção da 

biodiversidade marinha e seu uso sustentável. 
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2 OBJETIVOS 

 

Este trabalho foi desenvolvido com os seguintes objetivos: 

 

2.1 OBJETIVO GERAL  

 

Apresentar resultados sobre a ecologia da ictiofauna marinha utilizando 

técnicas de vídeos subaquáticos, como forma de complementar ou substituir 

metodologias destrutivas e letais aos organismos marinhos.  

 

2.2 OBJETIVOS ESPECÍFICOS 

 

Foram estabelecidos como objetivos específicos: 

 

a) avaliar a capturabilidade das espécies de peixes demersais ao arrasto de fundo, 

relacionando com seu hábito e comportamento; 

b) avaliar o impacto da pesca de arrasto de fundo sobre as espécies de peixes e 

habitats associados; 

c) avaliar a distribuição por profundidade e por habitat da ictiofauna do 

Arquipélago de Fernando de Noronha; 

d) realizar um levantamento das espécies de peixes encontradas em Fernando de 

Noronha. 
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3 MANUSCRITO I: Bottom trawling on a carbonate shelf: Can you get what you 

see?  

Manuscrito submetido a revista Continental Shelf Research. 

 

Bottom trawling on a carbonate shelf: Can you get what you see? 

 
ABSTRACT 
Bottom trawling is a common fisheries method and also a widespread scientific 
sampling method for benthic and demersal species. Selectivity and catchability 
estimates are usually made using different meshes and studies with alternative 
methods are rare. In this study, to improve the estimation of trawl selectivity, we 
compare the catches obtained with bottom trawl and the records made by a camera 
fitted on the top of the net. Scientific trawling was conducted along the Northeast 
Brazilian Shelf, a typical carbonate shelf with presence of sponges, coralline bottoms 
and a high water visibility. In total, 23 taxa (19 species and four genera) were identified 
at the videos and 30 taxa (25 species and five genera) at the trawls. Overall, no 
significant differences were observed in the assemblage structure identified by trawling 
and underwater footages. However, divergences were observed in fish catchability 
between trawls and videos. Net sampling was more selective for fish with low 
swimming capacity, while species small sized and/or with shelter and fast swimming 
capacity seemed to be underestimated. Furthermore, underwater footages allowed for 
an assessment of the trawling impacts on bottom habitats, where the damage on large 
free-standing sponges could be better observed. Our results confirm negative impact 
of trawling on carbonate beds due to potential damage to the fragile and slow 
recovering benthic cover, making this type of fisheries in those areas an environmental 
hazard. In addition, we demonstrate that videos may act as efficient alternatives to 
scientific trawling for surveying the abundance and distribution of marine fish.   
 
Keywords: Fish; Underwater footage; Fisheries; Catchability; Fishing gear; Bottom 
trawl impact. 
 

 

1. Introduction 

 

Bottom trawl is a fishing method based on pulling a net along the seafloor in 

order to collect benthic and demersal organisms (Martín et al., 2014). The usage of 

towed bottom-fishing gears is widespread throughout the world to extract marine 

resources (Kaiser et al., 2006). Nearly one-quarter of wild marine landings has been 

swept by trawl nets, which annually captures 19 million tonnes of fish and invertebrates 

(Amoroso et al., 2018). Previous estimates indicated that the area trawled every year 

corresponds to almost 50% of the world’s continental shelf (Watling and Norse, 1998, 

Amoroso et al., 2018). However, this fishing technique presents a high destructive 
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power as it deforms the bottom habitat, damaging the benthic ecosystem, and is a non-

selective gear destroying a large variety of organisms that it gets in touch. (FAO, 1996; 

Kumar and Deepthi, 2006; Thomas et al., 2006; Amoroso et al., 2018).     

In the last decades, studies have demonstrated that trawling threaten the marine 

environment. As an example, the doors, wires and sweeps apparels disturb the 

sediment surface (O’Neill and Summerbell, 2011; Bradshaw et al., 2012; Martín et al., 

2014) and lead to an overall decline on benthic production and species richness 

(Jennings and Kaiser, 1998; Hiddink et al., 2006; Kaiser et al., 2006; Hinz et al., 2009). 

This directly affects the maintenance of demersal fish production, since the benthic 

community serves as energy resource for most demersal fish (Smith et al., 2000). 

Furthermore, trawling can also affect primary productivity due to sediment disturbance 

and thus stimulate eutrophication (Dounas et al., 2007). It typically leads to substantial 

reduction in habitat complexity (Kaiser et al., 2002) and may indirectly affects fish 

growth rate, population size and diet (Hiddink et al., 2011; Eggleton et al., 2018).  

Scientific trawling is one of the most used methods to obtain abundance indices 

for fisheries management (Trenkel et al., 2004b; Hoffman et al., 2009). It provides the 

identification of a broad diversity of commercial and non-commercial fish and benthic 

organisms (Brind'Amour et al., 2014). Commercial bottom trawling is much more 

destructive than scientific trawling since the latter is usually much more limited in time 

and space. However, possible lost gear material, habitat modification, animal handling 

and mortality are among the negative effects from this survey method (Trenkel et al., 

2019). In any case, a robust estimation of fish presence and biomass from trawling 

requires quantifying the gear catchability and selectivity. 

Catchability is the relation of the relative abundance indices provided by a 

fishing technique and the actual population density (Trenkel et al., 2004a). In other 

words, it represents the interaction of the resource abundance and the effectiveness 

of the fishing gear (Arrenguín-Sanchez, 1996). Many factors can influence bottom trawl 

catchability, such as depth, season, fish behavior, gear selectivity and vertical 

distributions of fish (Beentjes et al., 2004; Yule et al., 2008). Selectivity is related to the 

probability of fish of a specific size to be captured by a fishing gear, providing measures 

of escapement (Arrenguín-Sanchez, 1996), which can occur both under and above the 

trawl net, also affecting trawling catchability (Pearcy et al., 1989).  

Recording videos have been used as methods to study the marine ecosystem 

for approximately 70 years (Barnes, 1952). They have demonstrated a satisfactory 
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cost-effectiveness and they are non-destructive to the environment (Spencer et al., 

2005, Mallet and Pelletier, 2014). Regarding trawling, videos have been used to 

compare the sampling effectiveness among fish species using bottom trawl and visual 

methods (Uzmann et al., 1977; Pearcy et al., 1989; Adams et al., 1995; McIntyre et al., 

2015). However, the video footages were not simultaneous to the trawling. Studies that 

have used video records during trawling were in most cases investigating the behavior 

and escapement of a specific group of fish, such as flatfishes, elasmobranchs or other 

target species (Godo et al., 1999; Albert et al., 2003; Chosid et al., 2012; Hannah and 

Jones, 2012; Bryan et al., 2014; Melli et al., 2019; Noack et al., 2019; Young et al., 

2019). 

In the present study, we evaluate fish catchability in bottom trawls performed on 

carbonate bottoms along the Northeast Brazilian continental shelf. We used video 

footages taken during bottom trawls to compare fish recorded by video with those 

captured by trawling. We also discuss catchability in relation to fish reactions to the 

trawl net, as well as the damage it caused to sponges.     

 

2. Material and Methods 

 

2.1 Study Area 

 The study area (Fig.1) is situated in the Northeast Brazilian continental shelf, 

from 5ºS to 9ºS. The average of shelf width is 40 km, the shelf break is approximately 

at 60 m deep and biogenic carbonate sediments predominantly cover the area (Manso 

et al., 2003; Vital et al., 2010). This region contains high biodiversity and some 

protected areas, such as APA Costa dos Corais (Ferreira and Maida, 2007), which is 

in the south part of the study area. Artisanal or commercial bottom trawling in the region 

is directed to catch shrimp, thus restricted to muddy bottoms, while the present work 

was conducted in the prevailing carbonate bottoms, typical of the region (Camargo et 

al., 2015).  
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Fig.1.  Study area with the five sample points where we could compare video and trawling. 
Cartographic Base: IBGE, 2017. GCS_SIRGAS2000.    

 

2.2 Sampling  

 Samples were collected on board the French R/V ANTEA, during the ‘Acoustics 

along the BRAzilian COaSt 2’ (ABRACOS 2; Bertrand, 2017) survey performed from 9 

April until 9 May 2017. Sampling was conducted using a bottom trawl (body mesh: 40 

mm, cod-end mesh: 25 mm, entrance dimensions horizontal x vertical: 28 ×10 m) and 

video footages by an underwater camera (GoPro Hero 3+) attached in the upper part 

of the mouth of the net. Videos were recorded from 14 trawls, however, only five trawls 

presenting videos with adequate field of view (e.g. recording the entire net mouth) were 

considered here. In these sampling points, trawling was performed between 35 and 65 

m deep, during approximately 6 min at 3.0 knots. Tow duration was based on video 

observations, from the moment of the arrival of the net on the ocean floor to the lift-off 

time. To ensure the net was fishing correctly we utilized SCANMAR sensors to monitor 

the net geometry, to give headline height, depth, and distance of wings and doors. In 

addition, bobbins were added to the ground rope (rockhopper) to reduce net damage 

and impacts on benthic habitat.  

 For each haul, fish were identified based on fish identification guides (Carpenter, 

2002a; 2002b; Garcia Júnior et al., 2010; 2015), counted and preserved with a solution 
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of 4% formalin in seawater or by freezing until processing. For videos identification and 

counting, trained people performed visual census based on fish identification guides 

(Lessa and Nóbrega, 2000; Humann and Deloach, 2002). Fish that could not be 

identified to species level were grouped to genus level. Fish species and families were 

classified according to Craig and Hastings (2007) and Nelson (2016).  

 

2.3 Data analyses 

Data consisted of fish counts (relative abundance - %N) identified at the lowest 

taxonomic possible level obtained from videos observations and trawling catches. The 

relative index of density (catch per unit of area – CPUA) was calculated considering 

the number of individuals per trawled area (ind.km−2). To estimate the trawled area, we 

multiplied the distance covered by the net through the bottom (in meters) with the 

average mouth opening (13 m).  

To describe species dominance patterns we used the frequency of occurrence 

(FO) and the relative numerical abundance in percentage (NP) (Garcia et al., 2006). 

Species that presented NP greater/lower than the average NP were considered 

Abundant/Scarce. Similarly, species that presented FO greater/lower than the average 

FO were considered Frequent/Rare. Based on these criteria, the degree of species 

dominance was classified in four categories of relative importance (relative importance 

index): (1) Abundant and Frequent, (2) Abundant and Rare, (3) Scarce and Frequent 

and (4) Scarce and Rare (Garcia et al., 2006).  

We investigated patterns of catchability based on the differences between the 

number of individuals sampled by videos and by trawls (net change). To better describe 

fish assemblages, we calculated the number of species (S), the Shannon-wiener 

diversity index (H') and the Pielou's evenness index (J'). To test for differences 

between the CPUA, S, H’ and J’ of fish sampled by the video and trawling method, we 

used the non-parametric Wilcoxon signed rank test. 

Furthermore, we used the CPUA to investigate the structure of fish 

assemblages from videos and trawls. To reduce the effect of shoals in the analyses, 

the CPUA data was log-transformed (Log(x+1)). We built a resemblance matrix, based 

on Bray-Curtis similarity index, and performed a non-parametric permutation 

procedure ANOSIM (Analysis of Similarity) to test for differences in the structure of fish 

assemblages between videos and trawls (Clarke, 1993).  
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Finally, during video analyses, we also counted all free-standing sponges that 

appeared in the videos. All statistical analyses were performed on the software PAST 

(Hammer et al., 2001) with a significance level of 0.05.  

 

3. Results  

 

The five hauls analyzed in this study corresponded to a total effort of 30 min and 

36,416 m2 of trawled area. From bottom trawls, 490 fishes distributed in 23 families 

and identified in 30 taxa, at the level of 25 species and 5 genera were captured. 

Whereas 370 fishes distributed in 19 families were identified through the videos, 

classified in 23 taxa at the level of 19 species and 4 genera (Table 1). 

The relative abundance of fish in both video and trawl methods were similar. 

Approximately 70% of fish assemblages were represented by Holocentrus 

adscensionis (26% in videos and 29% in bottom trawls), Pseudupeneus maculatus 

(20% in videos and 15% in bottom trawls), Diodon holocanthus (0% in videos, 15% in 

bottom trawls), Fistularia tabacaria (13% in videos and 4% in bottom trawls) and 

Acanthurus sp. (9% in videos and 4% in bottom trawls) (Fig. 2). 

Four species were only observed in videos: Caranx crysos, Halichoeres dimidiatus, 

Malacanthus plumieri and Calamus pennatula, while 11 were only observed in trawl 

catches, the most abundant being Diodon holocanthus (Table 1). 
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Fig. 2. Relative abundance of fishes (%) sampled by two different methods along the Northeast 

Brazilian continental shelf (4°–9°S): video and bottom trawl. 
 

 

Table 1 
List of species, number of individuals (N), relative importance index (1: Abundant and frequent; 
2: Abundant and rare; 3: Scarce and frequent; 4: Scarce and rare) for fishes sampled in all five 
stations by videos and bottom trawls along the Northeast Brazilian continental shelf (4°–9°S). 

Family Genera / Species 
N 

Relative Importance 
Index 

Video Bottom Trawl Video Bottom Trawl 

Acanthuridae Acanthurus sp. 35 18 1 1 

Aulostomidae Aulostomus strigosus  0 5 
 

4 

Balistidae Balistes sp. 1 2 4 3 

Carangidae Caranx crysos 1 0 4 
 

Chaetodontidae Chaetodon ocellatus 9 19 3 1 

Chaetodon striatus 2 3 3 3 

Dactylopteridae Dactylopterus volitans  1 1 4 4 
Dasyatidae 

Hypanus guttatus 0 1 
 

4 

Hypanus marianae 7 7 3 3 

Diodontidae Diodon holocanthus 0 74 
 

1 

Fistulariidae Fistularia tabacaria 47 21 1 1 

Gerreidae Eucinostomus sp. 0 3 
 

4 
Haemulidae Anisotremus virginicus 2 2 4 4 

Haemulon aurolineatum 9 13 4 4 
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Haemulon plumierii 10 15 3 1 

Holocentridae Holocentrus adscensionis 97 144 1 1 

Labridae Halichoeres dimidiatus 1 0 4 
 

Lutjanidae Lutjanus synagris 0 4 
 

3 

  Ocyurus chrysurus 1 2 4 4 

Malacanthidae Malacanthus plumieri 6 0 3 
 

Microdesmidae Ptereleotris randalli 0 1  4 

Monacanthidae Aluterus monoceros  0 1  4 

Mullidae Pseudupeneus maculatus 75 74 1 1 
Ostraciidae Acanthostracion sp. 6 34 3 1 

Lactophrys trigonus 16 13 1 3 
Pomacanthidae Holacanthus ciliaris 6 6 3 3 

Pomacanthus paru 9 8 3 3 

Pomacentridae Stegastes pictus   0 1  4 

Rhinobatidae Pseudobatos percellens 0 1  4 

Scaridae Sparisoma sp. 9 13 3 3 

Sciaenidae Pareques acuminatus 0 1  4 
Serranidae Alphestes afer  0 2  4 

Cephalopholis fulva 15 1 1 4 

Sparidae Calamus pennatula 5 0 3 
 

  

The average abundance of fish from videos was 303.9 ind/km2 and from trawls 

was 403.9 ind/km2. Additionally, the average frequency of occurrence of fish species 

was 30% on videos and 36.5% on trawls. Species that were only registered either in 

videos or in trawls samples were mostly considered scarce and rare. Four species 

were considered abundant and frequent in both sampling methods (Acanthurus sp, 

Fistularia tabacaria, Holocentrus adscensionis and Pseudupeneus maculatus) and five 

were scarce and frequent (Chaetodon striatus, Hypanus marianae, Holacanthus 

ciliaris, Pomacanthus paru and Sparisoma sp). We did not find any abundant and rare 

species (Table 1).  

 Considering the net change between fish sampled by the two different methods, 

the species that prevailed in the videos were Malacanthus plumieri (which was 

identified only by videos), Acanthurus sp, Fistularia tabacaria and Cephalopholis fulva, 

while in the bottom trawls Diodon holocanthus (which was identified only from trawls), 

Acanthostracion sp and Holocentrus adscensionis were predominant (Fig. 3). The 

latter prevailed in the trawls due to an aggregation of squirrelfish in one of the stations, 
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since removing the shoal from the analysis Holocentrus adscensionis is more 

abundant in the videos (10 individuals) than in the bottom trawls (nine individuals).   

  

 
Fig. 3. Net change between fish sampled by videos and by bottom trawls along the Northeast 

Brazilian continental shelf (4°–9°S). The main differences are highlighted (1. Malacanthus 

plumieri; 2. Acanthurus sp; 3. Fistularia tabacaria; 4. Cephalopholis fulva; 5. Acanthostracion 

sp; 6. Holocentrus adscensionis; 7. Diodon holocanthus). 

   

The CPUA and number of species was slightly higher but not significantly 

different in trawl than video (Fig. 4; Table 2). Shannon-Wiener diversity and Pielou’s 

evenness were also not significantly different between the two methods (Fig. 4; Table 

2).  
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Fig.4. Box plot of Catch Per Unit of Area – CPUA (ind.km−2), Number of Species (S), Shannon-

Wiener Diversity Index (H’) and Pielou’s Evenness Index (J’) of fish sampled by videos and 
bottom trawls along the Northeast Brazilian continental shelf (4°–9°S). 
 

Table 2 
Wilcoxon signed rank test results between video and trawl samples along the Northeast 
Brazilian continental shelf (4°–9°S). 

  
Wilcoxon signed rank test 

(z) 
p 

CPUA (ind.km−2) 12.136 0.22 

S - Number of Species  1.511 0.13 

H’ - Shannon-Wiener Diversity Index 0.944 0.35 

J’ - Pielou’s Evenness Index 0.404 0.69 

 

Similarly, the ANOSIM analysis, based on the log-transformed CPUA dataset, 

did not revealed significant difference in the structure of fish assemblages from videos 

and from bottom trawls (R = - 0.092; p = 0.72). 

In total, 168 individual sponges were observed in videos. All sponges hit by the 

trawl net were damaged (Fig. 5).   
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Fig. 5. Images examples of the sponges dragged by the trawl net along the Northeast Brazilian 
continental shelf (4°–9°S). 

 

4. Discussion 

 

This is the first study comparing the entire fish community obtained from videos 

and trawls carried out simultaneously. The structure of fish assemblages was similar 

between the bottom trawl and video methods as already observed by McIntyre et al. 

(2015) in the northeast Atlantic. Although the mean CPUA and S estimates were 

slightly greater in the bottom trawl than in the video, there was no significant difference 

in fish community structure from the two sampling methods. These results suggest that 

video is an appropriate alternative for studies aiming at analyzing the distribution of 

fish assemblages and community structure (Milkov et al., 1999; Lauth et al., 2004; 

Morrison and Carbines, 2006; Shucksmith et al., 2006; Assis et al., 2007; Stoner et al., 

2007; Schaner et al., 2009; Warnock et al., 2016; Lembke et al., 2017; Mérillet et al., 

2018).     

Previous studies have demonstrated differences among species when 

comparing visual surveys and bottom trawl sampling efficiency (Uzmann et al., 1977; 

Adams et al.,1995; Trenkel et al., 2004b; McIntyre et al., 2015). In this study, despite 

the non-significant difference between the fish assemblages sampled by the two 

different methods, distinct species specific patterns were observed. For instance, 

Cephalopholis fulva, Malacanthus plumieri, Calamus pennatula and Halichoeres 

dimidiatus were common in videos, always escaping the trawl net passage (except the 

Cephalopholis fulva), due to their ability to hide in caves, to take refuge underneath 
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coral rubble or to dive into the sand (Clark et al., 1988; Fiorentini et al., 1999; Claydon 

and Kroetz, 2007; Guidetti et al., 2008). Noteworthy, the rockhopper prevented the net 

of digging into the bottom. Surgeonfishes Acanthurus sp were also able to evade 

capture possibly not only because of their shelter attempts (Benevides et al., 2016), 

but also because they were most abundant in small size classes (around 5 cm in 

length). Small bodied fish can be detected in video analyses but may be inefficiently 

capture by trawls (Fiorentini et al., 1999, Trenkel et al., 2004a). 

Although squirrelfish Holocentrus adscensionis frequently hide in coral crevices 

during daytime (Greenfield, 1981), and thus potentially had the ability to escape, they 

did not escape and were more abundant in the trawl catches than in video. This is 

related to the occurrence of a large aggregation event in one of the stations, probably 

a spawning aggregation since most individuals were ready to spawn (BPF, pers. obs.), 

which leaves them more vulnerable (Chollett et al., 2020). In a shoal, the behavior of 

an individual fish can be influenced by the movement of the surrounding fishes, 

resulting in different reactions of the fish in front of trawl and consequently enabling a 

tendency to have high catchability at high densities and low catchability at low densities 

(Godo et al., 1999).  

In most cases, Holocentrus adscensionis appeared in videos trying to hide into 

the corals and sponge’s structures, however, aggregating individuals behaved 

swimming away from the net with other fish. The aggregation may also have induced 

a bias in fish counting, causing underestimated abundance in the video census 

(Tessier et al., 2005; Lowry et al., 2012).  Removing the shoal from the analysis, the 

squirrelfish were more abundant in the videos than in the trawls, similarly to the other 

fish with the ability to hide that managed to escape the net. The behavioral change and 

possible underestimation in fish counting on video analyses, due to the large 

aggregation, resulted in a greater abundance in the trawls than in the videos. 

The blue runner Caranx crysos (Mitchill, 1815) was not captured in the trawls. 

Probably, its fast swimming capacity allowed the fish to keep its position ahead of the 

net, eventually escaping the net during or at the end of the haul (Beentjes et al., 2004). 

Similarly, the cornetfishes Fistularia tabacaria has high swimming endurance and their 

elongated body possibly contributed to their escapement from the trawl net (Fritzsche, 

1976; Beentjes et al., 2004).     

On the other hand, the porcupine puffer fish Diodon holocanthus was not 

recorded in videos but was the most abundant fish in the bottom trawls catches. This 
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species was likely not detected in videos since the upper vision of the camera make 

difficult identifying the fish due to its camouflage with the substrate and immobility. 

Also, they react to threats inflating or expanding their body with air or water (Shipp, 

2003). Thus, we believe that when the porcupine puffer fish felt threatened by the trawl 

net they were not in the camera’s field of view anymore, and as a consequence of their 

immobility and behavior they were immediately dragged to the end of the net. The 

boxfishes Acanthostracion spp are also slow swimming benthic-dwelling (Matsuura, 

2003) and present a good camouflage with the substrate, which similarly contribute to 

their high catchability and complicate their identification in video census (Beentjes et 

al., 2004). 

Catchability differences were noted as discussed above and were associated to 

fish behavior, swimming ability, morphological features, density and distribution (He, 

1993; Godo et al., 1999; Beentjes et al., 2004; Trenkel et al., 2004a; Yule et al., 2008; 

McIntyre et al., 2015). Furthermore, videos illustrated a strong bottom-trawl impact with 

the destruction of sponges. It is noteworthy that this damage could be higher if the net 

was not adapted with rockhopper. Trawl nets indeed remove rocks and corals and 

smooth out natural topography, consequently reducing the structural heterogeneity, 

which is an important factor to the recruitment and survival of countless fish (Auster et 

al., 1996; Pilskaln et al., 1998; Kumar and Deepthi, 2006). The direct damage to the 

benthic organisms may affect a variety of demersal fishes because of the depletion of 

food supply and shelters, which exposes the fishes to predation (Kumar and Deepthi, 

2006).   

We recognize the limits of our study including the small number of videos in our 

study due to camera stability and water transparency. Towed cameras have difficulties 

to keep their stability, which affects the field of view of the camera (Barker et al.,1999; 

Jones et al., 2009). The stability and visibility of our towed videos were sometimes 

compromised due to the effects of dragging disturbance. Nevertheless, the videos 

analyzed in this study provided comparable results of fish assemblages composition 

and diversity, in relation to bottom trawls catches. In addition, important observations 

on fish behavioral reactions and also on sponge depletion have been done.   

Certainly, trawl surveys are useful to collect biological samples for diet, 

reproductive and ageing studies, allowing the estimation of population age structures, 

the calculation of growth and mortality rates, which are essential for the management 

and monitoring of fish populations (McIntyre et al., 2015). However, the implementation 
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of less destructive methods is necessary, especially in conservation areas. This study 

demonstrated that videos can be an efficient alternative for surveying the abundance 

and distribution of marine fish.     

 

5. Conclusion 

 

In general, the image of fish abundances and structure of fish assemblages 

obtained from videos and bottom-trawls were not significantly different. However, fish 

catchability varied according to the behavior of each species, its swimming capacity 

and morphology. Bottom trawl was more selective for fish with low swimming capacity, 

while species small sized and/or with shelter and fast swimming capacity could escape 

the net.  

Furthermore, underwater footages allowed for an assessment of the trawling 

impacts on bottom habitats, where the damage on large free-standing sponges could 

be better observed. Our results substantiate the negative impacts of bottom trawling 

on carbonate beds due to potential damage to the fragile and slow recovering benthic 

cover, making commercial fisheries in those areas an environmental hazard. Finally, 

we conclude that video may act as an efficient alternative to scientific trawling in studies 

on fish and benthic fauna. Scientific trawling could be replaced by Tow Video method, 

which also uses a towed camera, however, it does not use a net, performing a non-

invasive methodology.   
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4   MANUSCRITO II: Fish distribution over the seascape of a tropical insular     

shelf using towed video 

Manuscrito em preparação para ser submetido a revista Continental Shelf Research. 

 

Fish distribution over the seascape of a tropical insular shelf using towed 

video 

 
ABSTRACT 
Seascape can be defined as a mosaic of spatially defined habitat patches, such as 
rhodolith beds, sand beds, seaweed banks, shallow-water reefs and mesophotic reefs, 
characterized by biotic and abiotic processes. Earlier studies in mesophotic zones 
were scarce and relied on extractive methods, such as trawls and dredges. In this 
study we used towed video method along the insular shelf of Fernando de Noronha 
Archipelago (FNA, Brazil) to evaluate the habitat and depth distribution of fish along 
the tropical insular shelf. In total, 49171 fishes distributed in 30 families were identified 
through video analyses, classified in 80 taxa at the level of 61 species, 13 genera and 
6 families. Significant differences in the structure of fish assemblages were found 
between the Leeward and Windward Sides of FNA and between depth gradients, more 
specifically between Shallow (0 – 30 m) and other mesophotic zones (over 30 m) and 
between Upper (30 – 60 m) and Middle (60 – 90 m) mesophotic zones. Also, we identify 
shelf break points in the Windward Side as important fish aggregation sites, presenting 
unique species, among them commercially important fish and vulnerable species. 
Habitat types influenced on 24% of the total variation in fish assemblage structure. 
Further investigations in cross-shelf changes in currents and oceanographic 
conditions, especially at the shelf break, may better explain these variations. 
Furthermore, we found a new species record for the FNA: Prognathodes guyanensis, 
which occurred in the shelf break of the Windward Side, at the depth of approximately 
80 m and nearby black corals. This finding not only shows a range extension record 
for the species, but also represents the incipient knowledge about the mesophotic 
ecosystems of FNA. Additionally, extensive rhodolith beds were found along the insular 
shelf of FNA, mainly on the Windward Side. Considering the presence of species 
categorized by IUCN as Vulnerable (4) or Data Deficient (7) and the well-known 
importance of rhodolith beds and mesophotic ecosystems, conservation measures for 
these regions should be considered in the management plan of the Marine Protected 
Areas of Fernando de Noronha. 
 
Keywords: Fish assemblage structure; Video analyses; Rhodolith beds; Mesophotic 
ecosystems.  
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1. Introduction 

 

Seascape can be defined as a mosaic of spatially defined habitat patches 

characterized by biotic and abiotic processes (Jones and Andrew, 1992). The 

application of ecology in seascape is relatively new and addresses the physical 

features of the ocean, including geomorphology and chemical properties, related to the 

ecology and biodiversity of species (Fuller, 2013). The physical and biological structure 

of habitats influence the distribution of fish, as well as the interactions of fish (habitat 

formers organisms) with the marine environment may characterize the habitat (Jones 

and Andrew, 1992).   

The majority of fish species lives in tropical or subtropical waters (Eschmeyer et 

al., 2010) and approximately 40% of them dwelling associated to shallow continental 

shelves (Lowe-McConnell, 1999; Nelson, 2016). The cross-shelf distribution of reef 

fish is highly associated with the habitat types (Christensen et al., 2003). Fish 

community structure may vary according to the types of habitat, the distance between 

them and their area (Berkström et al., 2013). Furthermore, it can also present 

differences along shallow and mesophotic depth gradients (from 30 m to over 150 m 

deep), where species richness, abundance and biomass tend to decrease with 

increasing depths (Andradi-Brown et al., 2016).  

Until recently, it was difficult to obtain devices and methods for conducting 

research in depths greater than 30 m (Menza et al., 2007). Earlier studies in 

mesophotic zones were scarce and relied on extractive methods, such as trawls and 

dredges (Kahng and Maragos, 2006; Bare et al., 2010). With the technological 

advancements and increased development of equipment, such as drop cameras, 

mesophotic areas have been better explored (Menza et al., 2007; Bare et al., 2010; 

Soares et al., 2019). Usually, the sample methods used for spatial monitoring of fish 

and associated habitats are underwater visual census (UVC), experimental fishing, 

acoustics, satellite images and underwater video (Murphy and Jenkins, 2010). Like 

UVC (Brock, 1954), underwater video records habitat features and produces data on 

species composition, lengths and taxonomy (Murphy and Jenkins, 2010). Furthermore, 

underwater videos can census habitats at depths and times that are risky for divers, 



40 

 

reduce the impact of divers on fish behavior when deployed remotely, provide a 

permanent record of the census and are non-extractive (Cappo et al., 2003). 

Tow video technique was first used by Machan and Fedra (1975), initially in 

shallow waters, where the camera was towed by a slow speed boat (0.1 - 1 m.s-1) 

along pre-established transects (30 meters long) on a 30 km trajectory. The main 

advantage of this method is the ability to sample large areas in a short period of time, 

besides being considered efficient to analyze the benthic cover, perform habitat 

mapping and identify rare species (Morrison and Carbines, 2006; Mallet and Pelletier, 

2014). Tow videos have been most used in studies focused on benthic macrofauna 

and macroflora, though some have examined demersal fish species (Mallet and 

Pelletier, 2014).  

In Brazil, the usage of video is relatively recent (Dutra et al., 2006). It was first 

used to perform video transects for studying coral reefs in “Todos os Santos Bay” 

(Bahia, Brazil), with an adaptation of the methodology from Aronson and Swanson 

(1997) and Page et al. (2001) (Dutra et al., 2006). Thereafter, the video transect 

method was better described and tested in the work of Cruz et al. (2008), where the 

number of six video transects (20 m long each) was found as the lowest sampling effort 

to evaluate the coral community of the Itacolomis reefs, Bahia, Brazil. Previous studies 

have compared video transects with other methods (e.g. visual census)  to verify their 

accuracy in data acquisition and they have found that: this technique is valid for 

observation and monitoring fish assemblages in high diversity ecosystems such as 

coral reefs (Pelletier et al, 2011); it is a very promising method for the management of 

marine protected areas (Tessier et al., 2013); the use of videos to measure fish size 

presents accurate data (Harvey et al., 2002) and it is better than the measurements 

made by divers (Cappo et al., 2003).  

In the present work, we used an original system of cameras towed along the 

insular shelf of Fernando de Noronha Archipelago (FNA), Brazil, from depths of 2.5 m 

up to 115.7 m. The aim of this study is to determine and evaluate the habitat and depth 

distribution of fish along the tropical insular shelf of FNA. This study contributes to the 

understanding of the spatial variations of fish biodiversity through a non-invasive and 

non-destructive method to the environment. It may also assist in creating conservation 

strategies for the maintenance of marine biodiversity and its sustainable use.   
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2. Material and Methods 

 

2.1. Study area 

The study area is the insular shelf of the Fernando de Noronha Archipelago 

(FNA), which is composed by 21 islands and islets and it is located in the South 

Equatorial Atlantic Ocean (Assunção et al., 2016). The archipelago is situated 345 km 

away from the northeast coast of Brazil and it possess a total area of approximately 26 

km2 (Maida and Ferreira, 1997). However, 91% of the total area is constituted by the 

main island, which possess the same name of the archipelago (Assunção et al., 2016) 

(Fig.1).   

 

Fig.1. Study area with the video transects (sample points represent the start point of each 
video transect) along the insular shelf of Fernando de Noronha Archipelago, Brazil. Video 
transects performed in the shelf break are highlighted (red dots). Cartographic Base: In situ 
data combined with CPRM (2019) database. GCS_SIRGAS2000. 
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The climate of the FNA is tropical, the average air and sea water temperatures 

are 25.4ºC and 26-27ºC respectively and the average salinity is 36 (Maida and 

Ferreira, 1997).  There are two well-marked seasons, the rainy from March to July and 

the dry from August to January (Almeida, 2006; Mohr et al., 2009). The morphological 

layout of the main island creates two different sides, the Leeward Side (LS), which 

faces the continent and where the sea is more protected from the action of winds and 

ocean currents, and the Windward Side (WS), facing the “open ocean” and where the 

sea is more exposed to these natural conditions (Ivar do Sul et al., 2009; Assunção et 

al., 2016). 

In general, the insular shelf of the archipelago presents a diameter of 10 km and 

a break around the depth of 100 meters (Barcellos et al., 2011). The reefs are 

composed mainly of volcanic rocks, the reef cover is dominated by Montastraea 

cavernosa species (Krajewski and Floeter, 2011) and the substrate is covered 

predominantly by algae clumps and brown macroalgae (Wilson et. al., 2003). Fernando 

de Noronha is a marine national park protected legally by the Institute of Environmental 

Preservation of the Brazilian government, Chico Mendes Institute for the Conservation 

of the Biodiversity – ICMBio. Since 1988 fishing has been prohibited up to 50 meters 

deep and 70% of the coastal area has become a Marine Protected Area (Maida and 

Ferreira, 1997). The non-park area is designated for sustainable use, while in the park 

area it is not allowed the exploitation of any type of natural resources, although 

scientific, educational and recreational use is permitted (Maida and Ferreira, 1997).  

 

2.2. Sampling and sample processing 

Towed videos were performed along the insular shelf of Fernando de Noronha 

Archipelago in the Leeward Side in July 2016 and in the Windward Side in May 2017, 

both campaigns representing the rainy season (Fig.1). Experiments were carried out 

during the research expeditions from the project “Deep reefs of the Fernando de 

Noronha Archipelago: Mapping, connectivity and protection”. Sampling was conducted 

using a system of three cameras (frontal, left side and right side) developed by M. 

Maida. The cameras were connected to a cable and towed from a vessel at an average 

speed of 1.16 knots for approximately 10 min. The side cameras were used to identify 

fishes only in case the frontal camera images were not enough to the identification. 
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The cable transmitted video signals in real-time to a laptop computer that displayed 

and recorded images. The real-time transmission assisted us in towing the camera 

system close to the substrate, at a constant height from the seafloor (about 1 m above 

the seabed), and quickly responding to depth changes. The transects were on average 

400 m long and presented a distance of approximately 100 m between each other. The 

vessel's side scan sonar and a GPS were used to collect the water depths and the 

geographic coordinates of each video transect (Fig. 2).   

 

Fig. 2. Towed video methodology used along the insular shelf of the Fernando de Noronha 

Archipelago, Brazil. 

 

A detailed video analysis was undertaken in order to characterize the sea 

bottom of each video transect. Each transect was divided into segments that 

corresponded to a dominant bottom feature (type of sediment and substrate coverage). 

Afterward, based on Eduardo et al. (2018), these analyses were combined with an 

adaptation of the methodology of Monaco et al. (2012) and we were able to identify 

five habitat types: (1) Reefs – Consolidated sediment covered mostly by colonies of 

corals , with the presence of sponges and algae; (2) Algae – Primarily seaweed banks 

dominated by green algae; (3) Sand - coarse sediment with few fine gravels and 

without any substrate coverage; (4) Sand with rocks, coralline formations and sponges 

(SWCS) - Mainly sand bottom with 20% or greater distribution of biogenic rocks, 

calcareous algae or green algae, corals and sponges; (5) Rhodoliths with coralline 

formation and sponges (RWCS) – Seabed covered predominantly by rhodoliths with 

20% or greater distribution of calcareous algae or green algae, corals and sponges 

(Fig.3). 
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Fig.3. Images examples of habitat types that were identified in the video transects along the 
insular shelf of Fernando de Noronha Archipelago, Brazil. 
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According to the habitat types, all video transects were divided into sections. 

Using the length of each section we calculated the percentage of the five habitat types 

present in every video transects. In addition, we used depth classes based on Rocha 

et al. (2018) study and classified the video transects in: Shallow (depths up to 30 m), 

Upper Mesophotic (from 30 m to 60 m deep), Middle Mesophotic (from 60 m to 90 m 

deep) and Lower Mesophotic (depths over 90 m). Nine transects presented depths that 

converged two classes, such as Upper and Middle Mesophotic or Middle and Lower 

Mesophotic. Thus, we classified them at the class that represented most of the transect 

length.        

Fishes were identified to the lowest possible taxonomic level and quantified to 

get the abundance of each species at each transect. When the image quality from the 

video footage was low, making it difficult to identify the species, higher levels of 

taxonomic identification were used, such as genus or family. Trained people performed 

visual census on videos based on fishes’ identification guides (Lessa and Nóbrega, 

2000; Humann and Deloach, 2002). Fish species and families were classified 

according to Craig and Hastings (2007), Nelson (2016) and Parenti and Randall 

(2018). Abundances were divided by the filming length of each video transect to obtain 

a standardized value (number of individuals) per meter, henceforth referred to as 

density (ind/m). 

 

2.3. Data analyses  

 The variation of habitat types’ lengths (in meters) was described in the Leeward 

and Windward Sides. We also described the relative composition of habitat types per 

depth classes. Then, density of fish was used to classify the relative abundance of 

species in High Abundant (HA) and Low Abundant (LA). Species presenting density 

greater than the average density of fish were considered HA, while species showing 

density lower than the average density of fish were considered LA (Garcia et al., 2006). 

We also classified the species according to the Brazilian IUCN Red List (ICMbio, 2016), 

which comprises 10 levels: Extinct (EX), Regionally Extinct (RE), Extinct in the Wild 

(EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near 

Threatened (NT), Least Concern (LC), Data Deficient (DD) and Not Evaluated (NE). 

The IUCN Red List methodology are publically available (IUCN, 2012, 2000). Thus, we 
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built a checklist of fish species including the relative abundance classification in the 

Leeward and Windward Sides, depth distribution, the habitat types they occurred and 

the IUCN classification. Fish families were arranged in accordance with Nelson (2016) 

while genera and species were arranged in alphabetical order. Afterward, we selected 

the high abundant species to describe their habitat preferences. 

 Furthermore, we used the density of each species in the 85 video transects to 

investigate fish assemblage’s structures. The density data was log-transformed 

(Log(x+1)) to reduce the effect of shoals in the analyses and we built a resemblance 

matrix based on Bray-Curtis similarity index. The Permutational multivariate analysis 

of variance (PERMANOVA), a non-parametric test, was performed with 4999 random 

permutations to test for differences between the fish assemblage’s structures from the 

Leeward and Windward Sides and from the four depth classes (Anderson et al., 2008). 

The similarity percentage routine (SIMPER) was used to determine the species 

contribution to the dissimilarity between groups (Clarke, 1994). The set of species that 

cumulatively contributed to over 70% of dissimilarity between groups were classified 

as discriminating (Gregory et al., 2016).   

 Additionally, we separated the sample points in Shelf Break Points (SBP) and 

Remaining Sample Points (RSP) to test for differences between fish assemblages, due 

to a noticeable singularity we observed at the sample points in the shelf break, 

especially the ones in the Windward Side. For instance, it was remarkable in the 

Windward Side a great wall representing the shelf break point, with descending steps 

on the edge, followed by a sharp decline. It is also important to stress that black corals 

were the main coral present in these sites. For these reasons, we used PERMANOVA 

and SIMPER to investigate the differences between fish assemblages from the shelf 

break points (SBP) and remaining sample points (RSP), following the same statistical 

process mentioned above.  

Finally, to investigate the correlation between habitat types and fish assemblage 

structure we first performed a RELATE test, using Spearman rank correlation method, 

to check the relation between the two set of samples (Clarke, 1994). Then, we applied 

a Distance-Based Linear Model (DistLM) to evaluate the influence of habitat types on 

the variability of fish data (Anderson et al., 2008). We adopted a stepwise procedure 

and used Akaike’s information criterion (AIC). Redundancy Analysis (dbRDA - 
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Distance-Based redundancy analysis) was used to examine the influence of predictor 

variables on the spatial distribution of samples (Anderson et al., 2008). All statistical 

analyses mentioned were performed using the software PRIMER6 + Permanova 

(Anderson et al., 2008) with a significant level of 0.05. 

 

3. Results 

 

 In general, 85 video transects were carried out from the coast to the shelf break 

of the Fernando de Noronha Archipelago, corresponding to a total length of 35236 

meters, with a depth range of 2.5 meters to 115.7 meters and approximately 20 hours 

of video. In the Leeward Side and in the Windward Side 17095 m and 18141 m in 

length were filmed, respectively. The largest habitat type in length in the insular shelf 

of FNA was RWCS, followed by SWCS, Sand, Reefs and Algae. RWCS was also the 

most representative habitat type in the Windward Side, while in the Leeward Side the 

composition of habitat types was more balanced, though SWCS was the largest in 

length (Fig. 4).  

 

Fig. 4. Length in meters of habitat types (Reefs; Algae; Sand; SWCS – Sand with rocks, 
coralline formations and sponges; RWCS - Rhodoliths with coralline formation and sponges) 
filmed in the Leeward Side (LS) and in the Windward Side (WS) of the Fernando de Noronha 
Archipelago, Brazil.   
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The composition of habitat types per depth classes showed that Reefs and 

Algae were only present in Shallow and Upper Mesophotic transects, which indicates 

these habitat types did not occur at depths over 60 m. RWCS was more representative 

in the Upper and Lower Mesophotic transects, while SWCS represented the majority 

of the Middle Mesophotic transects’ habitat composition (Fig. 5). 

 

 

Fig. 5. Composition of habitat types (Reefs; Algae; Sand; SWCS – Sand with rocks, coralline 
formations and sponges; RWCS - Rhodoliths with coralline formation and sponges) in the four 
depth classes (Shallow: 0 – 30 m; Upper Mesophotic: 30 – 60 m; Middle Mesophotic: 60 – 90 
m; Lower Mesophotic: over 90 m deep) of video transects performed along the insular shelf of 
the Fernando de Noronha Archipelago, Brazil. 

 

In total, 49171 fishes distributed in 30 families were identified through video 

analyses, classified in 80 taxa at the level of 61 species, 13 genera and 6 families. In 

the Leeward Side 31185 fishes were classified in 67 taxa, at the level of 50 species, 

12 genera and 5 families. Whereas 17986 fishes were identified in 67 taxa in the 

Windward Side, at the level of 53 species, 9 genera and 5 families. The average 

density of species was 7.63 ind/m and it was used to classify the relative abundance 

of each species in Low Abundant and High Abundant. Solely 11 taxa (10 species and 

one genus) were considered high abundant and four species were classified as 
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Vulnerable (Ginglymostoma cirratum, Carcharhinus perezi, Stegastes rocasensis and 

Sparisoma axillare) (Table 1). 

Most of high abundant species occurred in all 5 habitat types, however distinct 

habitat preferences were observed among species. For instance, Chromis multilineata, 

Paranthias furcifer and Thalassoma noronhanum were more abundant in Reefs while 

Heteroconger camelopardalis and Xyrichtys martinicensis were more abundant in the 

Sand. Additionally, Cephalopholis fulva, Holocentrus adscensionis, Stegastes pictus 

and Stegastes rocasensis were more abundant in the RWCS habitat and Melichthys 

niger presented high abundance in Reefs and RWCS habitats (Fig. 6).   

 

Table 1 

List of families and species, relative abundance, depth distribution, habitat types and IUCN 
classification of fish recorded by tow video transects along the insular shelf of the Fernando 
de Noronha Archipelago, Brazil. Fish families are arranged in accordance with Nelson (2016); 
genera and species are arranged in alphabetical order. Relative abundance (LS: Leeward 
Side; WS: Windward Side): LA = Low Abundant; HA = High Abundant. Habitat types: 1 = Reefs; 
2 = Algae; 3 = Sand; 4 = Sand with rocks, coraliine formations and sponges (SWCS); 5 = 
Rhodoliths with coralline formation and sponges (RWCS). IUCN classification: Vulnerable 
(VU), Near Threatened (NT), Least Concern (LC) and Data Deficient (DD). 

Family Species 

Relative 
Abundance 

Depth 
Distribution 

(m) 

Habitat 
Types 

IUCN 

LS WS 

Ginglymostomatidae 
Ginglymostoma cirratum (Bonaterre, 
1788) 

- LA 45.4 5 VU 

Carcharhinidae Carcharhinus perezi (Poey, 1876) LA LA 6.8 - 53.3 1-3-4 VU 

Dasyatidae  Hypanus sp LA LA 7.9 - 33.3 1-3-5 - 

Muraenidae  
Gymnothorax funebris (Ranzani, 
1840) 

- LA 80.4 5 DD 

Congridae 
Heteroconger camelopardalis 
(Lubbock, 1980) 

HA HA 20.4 - 79.2 1-2-3-4-5 LC 

Holocentridae 
Holocentrus adscensionis (Osbeck, 
1765) 

HA LA 4.6 - 115.7 1-2-3-4-5 LC 

  Myripristis jacobus (Cuvier, 1829) LA LA 4.6 - 55.1 1-3-4-5 LC 

Pomacentridae Abudefduf saxatilis (Linnaeus, 1758) LA - 2.5 - 30 1-2-3-4 LC 

  
Chromis multilineata (Guichenot, 
1853) 

HA HA 4.5 - 115.7 1-2-3-4-5 LC 

  Stegastes pictus (Castelnau, 1855) HA HA 8.4 - 114.4 1-2-3-4-5 LC 

  Stegastes rocasensis (Emery, 1972) HA HA 2.5 - 45.4 1-2-3-4-5 VU 

  Stegastes sp LA LA 6.3 - 67.3 2-3-4-5 - 

Opistognathidae Opistognathus sp  LA - 26.4 - 50.4 2-4 - 

Blenniidae Blenniidae (not identified) LA LA 5.1 - 54.2 4-5 - 
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  Ophioblennius sp LA - 34.8 3 - 

Labrisomidae Labrisomidae (not identified) LA - 57.1 5 - 

Carangidae Carangidae (not identified) LA LA 26.2 - 73.5 3-4-5 - 

  
Carangoides bartholomaei (Cuvier, 
1833) 

LA LA 2.5 - 70.9 1-2-3-4-5 LC 

  Caranx crysos (Mitchill, 1815) LA LA 14.2 - 46.7 1-2-3-4 LC 

  Caranx hippos (Linnaeus, 1766) - LA 25.6 5 LC 

  Caranx latus (Agassiz, 1831) LA - 9.8 - 76.3 1-3 LC 

  Caranx lugubris (Poey, 1860) LA LA 21.5 - 84.2 1-5 LC 

  Caranx ruber (Bloch, 1793) LA LA 6.6 - 64.7 1-4-5 LC 

  Caranx sp LA LA 8.8 - 59.6 1-4-5 - 

  Seriola rivoliana (Valenciennes, 1833) LA - 21.5 - 51.4 1-3-5 LC 

  Trachinotus falcatus (Linnaeus, 1758) LA - 22.3 - 51.6 1-4 LC 

Sphyraenidae 
Sphyraena barracuda (Edwards, 
1771) 

LA LA 11.2 - 55.3 1-2-3-4-5 LC 

Dactylopteridae 
Dactylopterus volitans (Linnaeus, 
1758) 

LA LA 9.3 - 70.9 2-3-4-5 LC 

Labridae Bodianus pulchellus (Poey, 1860) - LA 36.1 1 LC 

  
Halichoeres dimidiatus (Agassiz, 
1831) 

LA LA 4.6 - 74 1-2-3-4-5 LC 

  Halichoeres radiatus (Linnaeus, 1758) LA LA 2.5 - 57.8 1-2-3-4-5 LC 

  Halichoeres sp LA LA 6.7 - 46.9 2-4-5 - 

  Labridae (not identified) LA LA 26.5 - 74.4 1-3-4-5 - 

  
Thalassoma noronhanum (Boulenger, 
1890) 

HA HA 2.5 - 63.2 1-2-3-4-5 LC 

  
Xyrichtys martinicensis (Valenciennes, 
1840) 

HA LA 4.6 - 73.5 1-2-3-4-5 LC 

  Xyrichtys sp HA LA 14.2 - 69.9 1-2-3-4-5 - 

Scaridae Sparisoma amplum (Ranzani, 1841) LA LA 5.0 - 45.4 1-2-3-5 LC 

  
Sparisoma axillare (Steindachner, 
1878) 

LA LA 6.7 - 46.6 1-2-3-4-5 VU 

  
Sparisoma radians (Valenciennes, 
1840) 

LA LA 13.7 - 38.6 1-5 LC 

  Sparisoma sp LA LA 4.6 - 69.9 1-2-3-5 - 

Mullidae  
Mulloidichthys martinicus (Cuvier, 
1829) 

LA LA 5.0 - 59.6 1-2-3-4-5 LC 

  
Pseudupeneus maculatus (Bloch, 
1793) 

LA LA 4.6 - 76.3 1-3-4-5 LC 

Kyphosidae Kyphosus sectatrix (Linnaeus, 1758) LA - 2.5 - 60.9 1-2-3-4-5 LC 

Serranidae Alphestes afer (Bloch, 1793) LA - 6.7 2 LC 

  Cephalopholis fulva (Linnaeus, 1758) HA HA 4.5 - 114.4 1-2-3-4-5 LC 

  
Dermatolepis inermis (Valenciennes, 
1833) 

- LA 79 - 83.3 5 DD 

  Menophorus dubius (Smith, 1966) - LA 34.9 - 80.4 4-5 - 

  Mycteroperca sp - LA 79.5 - 81.6 5 - 

  
Paranthias furcifer (Valenciennes, 
1828) 

LA HA 4.6 - 84.2 1-3-4-5 LC 

Chaetodontidae Chaetodon ocellatus (Bloch, 1787) LA LA 9.9 - 114.4 1-2-3-4-5 DD 
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Prognathodes guyanensis (Durand, 
1960) 

- LA 80.4 5 LC 

Pomacanthidae  
Centropyge aurantonotus (Burgess, 
1974) 

LA LA 24.8 - 55.9 5 DD 

  Holacanthus ciliaris (Linnaeus, 1758) - LA 46.8 1 DD 

  Holacanthus tricolor (Bloch, 1795) - LA 83.3 4 DD 

  Pomacanthus paru (Bloch, 1787) LA LA 17.5 - 78.8 1-4-5 LC 

Malacanthidae Malacanthus plumieri (Bloch, 1786) LA LA 9.9 - 114.4 1-2-3-4-5 LC 

Haemulidae 
Anisotremus surinamensis (Bloch, 
1791) 

LA LA 6.3 - 55.1 1-3-4-5 DD 

  
Haemulon chrysargyreum (Günther, 
1859) 

LA - 2.5 - 18 1-2-4 LC 

  Haemulon parra (Desmarest, 1823) LA LA 4.6 - 54.2 1-3-4-5 LC 

  Haemulon sp LA - 8.4 - 30 1-2-3 - 

Lutjanidae 
Lutjanus jocu (Bloch & Schneider, 
1801) 

LA LA 2.5 - 81.6 1-2-4-5 NT 

Acanthuridae Acanthurus chirurgus (Bloch, 1787) LA LA 6.7 - 59.6 1-2-4-5 LC 

  
Acanthurus coeruleus (Bloch & 
Schneider, 1801) 

LA LA 6.8 - 54.2 1-2-3-4-5 LC 

  Acanthurus sp LA LA 4.5 - 114.4 1-2-3-4-5 - 

Sparidae Calamus pennatula (Guichenot, 1868) LA LA 49.3 - 53.1 5 LC 

Antennariidae Antennarius sp LA - 50.2 - 70.1 4-5 - 

Ostraciidae 
Acanthostracion polygonius (Poey, 
1876) 

LA LA 4.6 - 43 1-2-4-5 LC 

  Lactophrys trigonus (Linnaeus, 1758) LA LA 9.3 - 74 1-3-4-5 LC 

  Ostraciidae (not identified) LA LA 18.5 - 73.5 1-4-5 - 

Balistidae Balistes vetula (Linnaeus, 1758) LA LA 40.9 - 56.1 5 NT 

  Melichthys niger (Bloch, 1786) HA HA 4.6 - 57.8 1-2-3-4-5 LC 

  Xanthichthys ringens (Linnaeus, 1758) - LA 26 - 55.1 1-4-5 LC 

Monacanthidae Aluterus monoceros (Linnaeus, 1758) LA LA 35.1 - 54.2 4-5 NT 

  Aluterus scriptus (Osbeck, 1765) LA LA 8.1 - 56.8 1-5 LC 

  Aluterus sp LA LA 20.2 - 41.4 4-5 - 

  
Cantherhines macrocerus (Hollard, 
1853) 

LA LA 2.5 - 72.3 1-2-3-4-5 LC 

  Cantherhines pullus (Ranzani, 1842) LA - 6.3 3 LC 

  
Canthidermis sufflamen (Mitchill, 
1815) 

LA LA 21.5 - 78.7 1-2-5 LC 

  Monacanthidae (not identified) - LA 40.8 - 41.1 5 - 

Diodontidae Diodon holocanthus (Linnaeus, 1758) - LA 43.9 4 LC 

 

 

The PERMANOVA results showed significant difference in fish assemblage’s 

structure between sea sides (Leeward Side - LS and Windward Side - WS; p = 0.0006) 

and among the depth classes (p = 0.0008). The pair-wise test for depth classes 

showed that the fish assemblage structure of Shallow transects were significantly 



52 

 

different from those of Mesophotic transects. There was also significant difference in 

the structure of fish assemblages between Upper and Middle Mesophotic transects 

(Table 2).   

 

 

Fig. 6. Habitat types preferences (Reefs; Algae; Sand; SWCS – Sand with rocks, coralline 
formations and sponges; RWCS - Rhodoliths with coralline formation and sponges) according 
to the density (ind/m) of the 10 High Abundant fish species from video transects performed 
along the insular shelf of the Fernando de Noronha Archipelago, Brazil.    

 

Table 2 

PERMANOVA results regarding the density (ind/m) of fish between Sea Sides (Leeward Side 
X Windward Side) and among the depth classes (Shallow: 0 – 30 m; Upper Mesophotic: 30 – 
60 m; Middle Mesophotic: 60 – 90 m; Lower Mesophotic: over 90 m deep) of video transects 
performed along the insular shelf of the Fernando de Noronha Archipelago, Brazil. Df  =  
degrees of freedom; SS  =  sum of squares; MS  =  mean sum of squares; Pseudo-F  =  F value 
by permutation; P (perm) = statistical significance; Unique perms = number of unique 
permutations; t = Student´s t test.  
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SIMPER analysis showed that discriminating species (those cumulatively 

contributing to over 70% of the dissimilarity) ranged from 5 to 7 species. Thalassoma 

noronhanum, Xyrichtys martinicensis, Stegastes pictus, Chromis multilineata and 

Heteroconger camelopardalis were among the discriminating species of all groups 

comparisons, where the former was always in the top three. Dissimilarities in the 

structure of fish assemblages between Leeward and Windward Sides and between 

depth classes were driven mostly by differences in average abundance rather than 

presence/absence (Table 3).  

Table 3 

SIMPER results of fish species cumulatively contributing to over 70% of dissimilarity between 
Sea Sides (LS = Leeward Side; WS = Windward Side) and between the depth classes 
(Shallow: 0 – 30 m; Upper Mesophotic: 30 – 60 m; Middle Mesophotic: 60 – 90 m; Lower 
Mesophotic: over 90 m deep) that presented significant differences in fish assemblage 
structure at the insular shelf of the Fernando de Noronha Archipelago, Brazil. Av. Diss = 
average dissimilarity; Diss/SD = ration between dissimilarity and standard deviation; Contrib% 
= percentage of dissimilarity contribution; Cum% = cumulative percentage of the total 
dissimilarity. 
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In regard to the shelf break points, we did not find significant difference between 

the structure of fish assemblages from the shelf break points and the remaining sample 

points in the insular shelf of FNA. However, when testing separately the Leeward and 

Windward Sides data, PERMANOVA results showed significant difference in the fish 

assemblages structure between shelf break points and remaining sample points from 

the Windward Side (Table 4). Additionally, SIMPER analysis found 7 discriminating 

species, with dissimilarities caused mainly by differences in average abundance rather 

than presence/absence (Table 5). However, it is noteworthy that we observed 10 

unique species in these shelf break points: Bodianus pulchellus, Dermatolepis inermis, 

Diodon holocanthus, Ginglymostoma cirratum, Gymnothorax funebris, Holacanthus 

ciliaris, Holacanthus tricolor, Menophorus dubius, Mycteroperca sp and Prognathodes 

guyanensis. 

 

Table 4 

PERMANOVA results regarding the density (ind/m) of fish among sample points (SBP = Shelf 
Break Points; RSP = Remaining Sample Points) in the insular shelf of the Fernando de 
Noronha Archipelago, Brazil. Df  =  degrees of freedom; SS  =  sum of squares; MS  =  mean 
sum of squares; Pseudo-F  =  F value by permutation; P (perm) = statistical significance; Unique 
perms = number of unique permutations; t = Student´s t test. 

 

 

Finally, the correlation between habitat types and fish assemblage structure 

were confirmed by the RELATE test using the Spearman rank correlation method (Rho 

= 0.309; p = 0.0002). The DistLM showed that 24% of the total variation in fish 

assemblage structure are explained by the model, which identified 4 significant habitat 

types: Sand, which explained the largest proportion of the variation in the fish 

assemblage (8%), followed by Reefs (7%), RWCS (5%) and SWCS (4%) (Table 6). 

The graphical response of DistLM provided by dbRDA, which pointed the direction and 

magnitude of the relationship between habitat types and fish assemblage, also 
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indicated a relationship between Reefs and Algae with the depth class Shallow (Fig. 

7). 

 

Table 5 

SIMPER results of fish species cumulatively contributing to over 70% of dissimilarity between 
the Shelf Break Points (SBP) and Remaining Sample Points (RSP) from the Windward Side 
(WS) of the insular shelf of the Fernando de Noronha Archipelago, Brazil. Av. Diss = average 
dissimilarity; Diss/SD = ration between dissimilarity and standard deviation; Contrib% = 
percentage of dissimilarity contribution; Cum% = cumulative percentage of the total 
dissimilarity. 

 

 

Table 6 

DistLM results with p-value of the permutation and the percentage of explanation of habitat 
types (Reefs; Algae; Sand; SWCS – Sand with rocks, coralline formations and sponges; 
RWCS - Rhodoliths with coralline formation and sponges) for the total variation in fish 
assemblage structure at the insular shelf of the Fernando de Noronha Archipelago, Brazil. 

Habitat Types P (perm) Proportion (%) 

Reefs 0.0002 7 

Algae 0.3178 1 

Sand 0.0002 8 

SWCS 0.0012 4 

RWCS 0.0002 5 
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Fig. 7. Distance-based redundancy analysis (dbRDA) plot to visualize in a two-dimensional 

space the influence of habitat types (Reefs; Algae; Sand; SWCS – Sand with rocks, coralline 
formations and sponges; RWCS - Rhodoliths with coralline formation and sponges) on the total 
variation in fish assemblage structure at the insular shelf of the Fernando de Noronha 
Archipelago, Brazil. Symbols represent the depth classes (Shallow: 0 – 30 m; Upper 
Mesophotic: 30 – 60 m; Middle Mesophotic: 60 – 90 m; Lower Mesophotic: over 90 m deep) 
used to classify the video transects. Vectors length is proportional to their contribution to the 
total variation (see Table 4). 

 

4. Discussion 

 

 The seascape of the insular shelf of the Fernando de Noronha Archipelago can 

be visualized as a series of dispersed patches of reefs, sand bottom, rhodoliths 

(RWCS) and sand with rocks, corals and sponges (SWCS). The seaweed banks 

(Algae habitat type) did not have a significant representation in the seascape mosaic. 

Shallow transects were mostly an alternation of Reefs and Sand patches, with SWCS 

habitat functioning as a transition zone between them. Although Reefs represented a 

small percentage in the Upper Mesophotic transects and were absent in the other 
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mesophotic classes, it is noteworthy that corals were present in the SWCS and RWCS, 

which were the main habitat types in the mesophotic classes, indicating the presence 

of mesophotic coral ecosystems (MCEs).   

MCEs are defined by the presence of light-dependent corals and associated 

organisms that are commonly found in shallow coral reefs (up to 30 m deep) and 

extending to over 150 m deep in tropical and subtropical areas (Hinderstein et al., 

2010; Baker et al., 2016). They are likely to have physical, chemical and biological 

connectivity with shallow reefs and associated communities, as well as unique 

assemblages, and extensions to deep biota (Hinderstein et al., 2010). It is noteworthy 

that black corals were found in SWCS and RWCS when the video transect sections 

approached the shelf break zone, where their presence was probably associated to 

increased productivity caused by possible local upwelling (Campos et al., 2000; Zhang, 

et al., 2013). 

On the other hand, RWCS can be referred as rhodolith beds, since the coverage 

by rhodoliths is the main feature of this habitat type. Rhodolith beds are formed by 

aggregates of nodules of crustose coralline algae (CCA), which are rock-hard 

calcareous red algae (Foster, 2001). The largest rhodolith beds in the world are known 

to be along the eastern Brazilian continental shelf (Kempf, 1970; Milliman and Amaral, 

1974; Foster, 2001). Rhodolith beds have been described in the FNA (Amado-Filho et 

al., 2012b), Abrolhos (Amado-Filho et al., 2012a), Salvador (Bahia et al., 2010) and 

Vitótria-Trindade Chain (Pereira-Filho, et al., 2012). Although RWCS were observed 

at all depth classes, they represented the main habitat type in the Upper and Lower 

mesophotic transects. Nevertheless, our results indicate that the rhodolith beds occur 

in the same depth window (0 – 70 m depth) pointed by Vecsei (2004) and also in a 

similar depth distribution (10 – 100 m) found by Amado-Filho et al., (2012b) in 

Fernando de Noronha.   

In general, fish assemblages are dominated by few high abundant species, 

which is common in oceanic islands in the Atlantic (Floeter et al., 2001; 2008; Ferreira 

et al., 2004; Krajewski and Floeter, 2011). Pomacentridae and Labridae were the 

families representing most of high abundant species. This result was expected since 

the pomacentrids are among the most speciose dwellers on tropical reefs (Allen, 1991) 

and together with the labrids rank among the ten richest families worldwide (Thresher, 
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1991). Additionally, previous studies have found the Noronha wrasse Thalassoma 

noronhanum as the most abundant species in Fernando de Noronha (Krajewski and 

Floeter, 2011; Medeiros et al., 2011).      

Most of the research conducted in Fernando de Noronha so far has been 

restricted to shallow- water depths (up to 30 m) and studies in mesophotic zones are 

still scarce (Amado-Filho et al., 2012b; Pereira-Filho et al., 2015; Santos et al., 2016). 

The shallow zone represented a region of high density of fish, since most of high 

abundant species were found in this zone and presenting higher densities in relation 

to mesophotic depths. Six out of the 10 high abundant species (Thalassoma 

noronhanum, Chromis multilineata, Stegastes rocasensis, Cephalopholis fulva, 

Melichthys niger and Holocentrus adscensionis) coincided with the top most abundant 

species of other studies conducted in shallow reefs of Fernando de Noronha 

(Krajewski and Floeter, 2011). 

Although mesophotic zones (especially the upper zone) are regarded as 

extensions of shallow-water reef fish community, since both ecosystems share some 

species (Kahng et al., 2017), it is common to find variations in fish biodiversity or a 

turnover of species (Pinheiro et al., 2016; Rosa et al., 2016; Semmler et al., 2017). The 

significant differences we found between the structure of fish assemblages from 

different depth classes are similar to the results of Rosa et al. (2016) and Semmler et 

al. (2017) studies. The former identified distinct fish assemblages in the depth strata of 

30-50 m and of 50-90 m, and the latter found a species turnover at approximately 60 

m deep.   

Here we identified a clear depth gradient, where the depths of 30 m and 60 m 

can be considered important marks in the vertical distribution of fish. The discriminating 

species between Shallow and Upper Mesophotic classes that presented higher 

differences in average abundance, being more abundant in the Shallow, were the reef 

fish Thalassoma noronhanum, Chromis multilineata and Stegastes rocasensis. 

Though the latter demonstrated a higher preference by RWCS habitat type, which was 

more common in the Upper Mesophotic zone, these species demonstrated 

considerable preference by Reefs, which presented larger extensions in the Shallow.  

In addition to habitat types, fish swimming capacity and possible interspecies 

competition interactions may have influenced in these differences. For instance, 
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Melichthys niger, which was the only discriminating species more abundant in the 

Upper Mesophotic than in the Shallow, was observed in the St. Peter and St. Paul’s 

Archipelago (SPSPA) presenting higher abundances in deeper areas due to its 

swimming capabilities and competition with other species (Mendes et al., 2019). The 

balistiform swimming (Sfakiotakis et al., 1999) of this species may have prevented it 

from reaching high densities in shallow, as well as interactions with potential territorial 

competitors in the shallow, such as Stegastes spp, may have induced Melichthys niger 

into deeper areas (Mendes et al., 2019). 

Furthermore, we believe the differences in the structure of fish assemblages 

between upper and middle mesophotic classes were mainly influenced by other factors 

rather than habitat types, since species with same habitat preferences presented 

different distribution patterns. Other aspects such as feeding habits, benthic cover and 

cross-shelf changes in currents and oceanographic conditions may have influenced for 

these differences (Pinheiro et al., 2016; Rosa et al., 2016; Semmler et al., 2017). 

We also found fish assemblage structure is significantly different in the Leeward 

and Windward Sides. Colonies of Heteroconger camelopardalis, commonly known as 

“eel garden”, have been registered in the Leeward side, taking shelter in burrows with 

the tail buried in the sediment and the heads facing the current, about 30 cm apart 

(Soto, 2001). This species was the one that most contributed to the difference between 

Leeward and Windward Sides, being more abundant in the Leeward Side. We believe 

this result and also the higher abundance of Xyrichtys martinicensis in this side is 

related to the predominance of Sand and SWCS habitat types in the Leeward Side, 

since these species occur mainly on extensive sand bottoms (Victor, 1987; Tyler and 

Luckhurst, 1994). 

Furthermore, the larger extensions of Reefs habitat type in the Leeward Side 

probably influenced the higher abundance of the reef fish Thalassoma noronhanum 

and Chromis multilineata. However, Melichthys niger, which showed preference by 

Reefs and SWCS habitat types, was more abundant in the Windward Side. Although 

the black durgon Melichthys niger is reef-associated, this species is unusual among 

reef fish and other balistids (Kavanagh and Olney, 2006). It has highly plastic feeding 

capabilities and it is commonly seeing forming dense aggregations, showing variations 

among sites in population density and diet (Kavanagh and Olney, 2006). Possibly, the 
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existence of potential reef fish competitors in the Leeward Side, such as Abudefduf 

saxatilis (Mendes et al., 2019) that only occurred in the Leeward Side, may have 

affected its higher abundance in the Windward Side. Also, its adaptability and ability to 

perceive its surroundings may be considered as other important aspects (Sazima et 

al., 2006).  

Additionally, Stegastes pictus was also more abundant in the Windward Side 

and we believe this is mainly influenced by the larger extensions of rhodolith beds in 

the Windward Side, as our results for this species showed a high preference for RWCS 

habitat type. The rhodolith beds were also a preferred habitat type for Cephalopholis 

fulva, Holocentrus adscensionis and Stegastes rocasensis. Amado-Filho et al. (2016) 

study also found these species associated with rhodolith beds. This habitat has 

demonstrated to be an important bottom feature in the development of necktobenthic 

fish, contributing as refuge and with food resources in flattened areas between 

mesophotic scattered reefs, especially in oligotrophic oceanic areas (Pinheiro et al. 

2014; Ordines et al. 2015). The larger extensions of rhodoliths in the Windward Side 

may be associated to its higher hydrodynamic in relation to the Leeward Side, since 

the physical transport through currents increases rhodolith dispersion (Prager and 

Ginsburg, 1989).   

The shelf break points in the Windward Side displayed important differences in 

the structure of fish assemblages related to the remaining sample points. The creole-

fish Paranthias furcifer was more abundant in the shelf break points and it is the 

species that most contributed to the differences in the structure of fish assemblages 

between shelf break points and remaining sample points in the Windward Side. The 

large aggregations of this species coincided with the dominance of black corals 

observed at the shelf break and as already observed, associations between Paranthias 

furcifer and these corals are common (Morais and Maia, 2017; Francini-Filho et al., 

2018; Soares et al., 2019). Other species were only found in the shelf break, such as 

the commercially important fish Mycteroperca spp., the hybrid fish Menophorus dubius 

(from Cephalopholis fulva and Paranthias furcifer, or Cephalopholis furcifer, as 

proposed by Craig et al. (2001)) (Poey, 1860; Smith, 1966; Thompson and Munro, 

1978) and the vulnerable nurse shark Ginglymostoma cirratum (Garla et al., 2017).  

In addition, a new species record for the Fernando de Noronha Archipelago was 

found at the shelf break points: the butterfly fish Prognathodes guyanensis, 
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represented by a single individual at the depth of approximately 80 m and nearby black 

corals. The genus Prognathodes contain 13 species, seven from the Atlantic Ocean, 

including three (P. brasiliensis, P. guyanensis and P. obliquus) present in Brazil (Copus 

et al. 2019). These species preferentially inhabit deep waters, rarely seen above 15 

meters deep, mostly in oceanic islands (Pinheiro et al. 2015). In Brazil, Prognathodes 

guyanensis is associated with lower mesophotic depths (80–150 m) and it has been 

registered in Arraial do Cabo and Ilha Grande (RJ), São Paulo, Espírito Santo, 

Abrolhos, Vitória-Trindade Chain and Rio Grande do Norte (Floeter et al., 2003; 

Ferreira et al., 2007; Luiz Jr et al., 2008; Francini-Filho et al. 2018). In the FNA only P. 

brasiliensis had been registered and P. obliquus is endemic to the St. Peter and St. 

Paul’s Archipelago (SPSP) (Nunes et al., 2019). Rosa et al. (2016) study in the SPSP 

found dominance of P. obliquus in the lower mesophotic zone (50-90 m deep) and 

associations between this species and black corals. These similar results may suggest 

that black corals also play an important ecological role in the mesophotic zones of 

Fernando de Noronha, mainly in the shelf break, and in the distribution of 

Prognathodes guyanensis.   

These results reinforce the singularity and importance of the shelf break points 

and we believe other aspects rather than the habitat types and depth gradients are 

important, such as shelf break upwelling (Campos et al., 2000; Zhang, et al., 2013). 

We suggest further investigations in the physical processes of the shelf edge of 

Fernando de Noronha could better explain the singularities observed in the shelf break 

points as well as its importance for biodiversity conservation and ecosystem 

maintenance in the region. 

 

5. Conclusion 

 

 In general, the structure of fish assemblages in Fernando de Noronha 

Archipelago (FNA) are significantly different between the Leeward and Windward 

Sides and between depth gradients, more specifically between Shallow (0 – 30 m) and 

mesophotic zones (over 30 m) and between Upper (30 – 60 m) and Middle (60 – 90 

m) mesophotic zones. Also, shelf break points in the Windward Side are important fish 
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aggregation sites and presents unique species, including commercially important fish 

and vulnerable species. Habitat types influenced on 24% of the total variation in fish 

assemblage structure. Further investigations in cross-shelf changes in currents and 

oceanographic conditions, especially at the shelf break, may better explained these 

variations.  

  Furthermore, we found a new species record for the Fernando de Noronha 

Archipelago: Prognathodes guyanensis, which occurred in the shelf break of the 

Windward Side, at the depth of approximately 80 m and nearby black corals. This 

finding not only shows a range extension record for the species, but also represents 

the incipient knowledge about the mesophotic ecosystems of FNA. Additionally, 

extensive rhodolith beds were found along the insular shelf, mainly on the Windward 

Side.  

Finally, this study shows the magnitude of investigations that can be performed 

using the tow video methodology and it validates the efficiency of this non-invasive 

method in evaluating the structure of fish assemblages and in understanding the 

spatial variations of fish biodiversity. The presence of species categorized by IUCN as 

Vulnerable or Data Deficient indicates the insular shelf of the FNA deserves special 

attention. Considering the well-known importance of rhodolith beds and mesophotic 

ecosystems, conservation measures for these regions should be considered in the 

management plan of the Marine Protected Areas of Fernando de Noronha. 
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5    CONSIDERAÇÕES FINAIS 

 

De modo geral, a partir do primeiro estudo podemos concluir que a capturabilidade 

de peixes pela pesca de arrasto de fundo varia de acordo com o comportamento das 

espécies, morfologia e capacidade natatória. Além disso, concluímos que os vídeos 

são uma alternativa eficiente ao arrasto de fundo científico para estudar a abundância 

e distribuição de peixes.  

Em relação ao segundo estudo, realizado na plataforma insular do Arquipélago de 

Fernando de Noronha, vimos que a estrutura das assembleias de peixes é diferente 

entre o Mar de Dentro e Mar de Fora e entre as categorias de profundidade Rasa (0 – 

30 m) e Mesofóticas (abaixo de 30 m) e entre as zonas Mesofótica Superior (30 – 60 

m) e Mesofótica Média (60 – 90 m). Além disso, foram encontradas longas extensões 

de rodolitos, agregações de peixes na quebra da plataforma e um novo registro de 

espécie: Prognathodes guyanensis.  

 Para finalizar, este trabalho mostra que a utilização de vídeos como método 

para estudo da estrutura e distribuição das assembleias de peixes marinhos é 

apropriada. No primeiro estudo foi visto que o arrasto de fundo, um método destrutivo, 

pode ser substituído pela metodologia de vídeos, um método não-invasivo. O segundo 

trabalho apresenta o potencial do método tow video, o qual é sugerido como 

alternativa ao arrasto de fundo, e comprova sua eficiência. Ambos estudos podem 

auxiliar na identificação de áreas prioritárias para conservação e contribuir na criação 

de estratégias de manejo necessárias para a manutenção da biodiversidade marinha 

e seu uso sustentável. 
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