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Padrões de distribuição espacial em assembleias de peixes recifais: uma abordagem da sua associação 

com o bentos 
 

Resumo: Os ambientes recifais são caracterizados como formações de fundo consolidado de origem 

orgânica e/ou inorgânica. Em costões rochosos, fatores bióticos e abióticos determinam a sua 

biodiversidade. Na praia do Forno, onde o fenômeno da ressurgência ocorre, a assembleia de peixes 

recifais foi analisada por meio de censo visual. A cobertura bentônica do substrato foi classificada em 

quatro categorias. O uso do substrato foi determinado pela abundância relativa das espécies em cada 

um de seus tipos. Um total de 5414 indivíduos pertencentes a 31 espécies de peixes recifais foi 

observado. Os resultados demonstraram que a preferência por habitats, caracterizados pela cobertura 

por organismos bentônicos, foi um fator importante na determinação da composição da assembleia de 

peixes recifais, em uma microescala. A escolha de um habitat dentre os diversos tipos de substrato, 

poder ser em sua maior parte explicada pela disponibilidade de recursos alimentares.   
 

Palavras chave: Cobertura bentônica, padrões biogeográficos, interações bióticas, habitat, ictiofauna, 

costões rochosos.  

 

Abstract: Reef environments are characterized as any formation with a hard substrate of organic and/or 

inorganic origin. In rocky shores, abiotic and biotic features determine its biodiversity. At Forno beach, 

where upwelling phenomenon occurs, the reef fish assemblage was identified by underwater visual 

census. The benthic coverage was classified in four categories. Substrate preference was determined by 

the relative abundance of each species on each of the substrate. A total of 5414 individuals of 31 reef 

fish species were observed. The results demonstrated that the habitat preference, characterized by 

benthic coverage, was important for the composition of reef fish assemblage on a micro-scale. The 

choice for a habitat among benthic coverage types could be mainly explained by availability of food 

resources.  
 

Key words: Benthic coverage, biogeographical patterns, biotic interactions, habitat, ichthyofauna, rocky 

shores. 
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Introduction  
 

Reef environments are characterized as formations with a hard substrate of organic (coral 

reef) and/or inorganic origin (rocky reefs, rocky shores). Coral reefs are composed mainly by 

Cnidaria of the subclass Hexacorallia, which form a complex three-dimensional structure. They 

are distributed in tropical and subtropical zones in shallow waters. In marine systems, coral reefs 

are recognizable as one of the most diverse ecosystems, being comparable to tropical forests in 

terrestrial systems (Bellwood & Meyer 2009; Chaves et al. 2010). Rocky shores and nearshore 

rocky reefs form extensive habitats along several coastlines, and are made of hard material such 

as granite, chalk, basalt or limestone (Sivaperuman et al. 2018). Although rocky shores show 

lower topographic complexity than coral reefs, the observed structural complexity in theses 

ecosystems sustains a rich ichthyofauna (Ferreira et al. 2001). Fish assemblages have the highest 

levels of diversity in reefs ecosystems, which account about 25% of species of marine fishes 

currently known (Daros et al. 2012).  

In the Brazilian coast, rocky reefs extensively occur between Espírito Santo and Santa 

Catarina States (Anderson et al. 2019) and are the main habitat for the reef biota in southern 

Brazil (Ferreira et al. 2001). Moreover, the patch between Santa Marta Cape (São Paulo State) and 

the city of Cabo Frio (Rio de Janeiro State) is considered one of the most important rocky shores 

of the Brazilian coast (MMA 2002; Moreno & Rocha 2012). This patch is distinguished by the 

presence of granitic rocky reefs, and is influenced by warm waters of the Brazil Current and cold 

waters of the South Atlantic Central Water (SACW) (Acha et al. 2004).   

In reef environments, climatic and topographic features induce determination of 

biodiversity in a large and medium scale, respectively (Fortes & Absalão 2010). On a small scale, 

the combination of abiotic (e.g., substratum type, temperature, irradiance and wave action) and 

biotic conditions (e.g., settlement, recruitment, predation and competition), determines the 

biodiversity of reef ecosystems (Longo et al. 2015). Because these ecosystems generally occur at 

the interface of the land and sea, the rocky shores are considered a physically harsh 

environment due to their exposure to wave action, even between the limits of the subtidal zone. 

Furthermore, the wave exposure (Fulton & Bellwood 2004; Longo et al. 2015) together with the 

tidal range (Kraines et al. 2001; McClanahan & Kamauskas 2011) and the physical properties of 

the hard substrate, determine the patterns of settlement and establishment of marine epibenthic 

organisms (marine invertebrates and algae) on these formations (Sivaperuman et al. 2018). 

The reef fish assemblages are linked to the benthic communities that inhabit the rocky 

shores substrates (Medeiros et al. 2010; Krajewski & Floeter 2011; Longo et al. 2015; Freitas et al. 

2019). On a local scale, the abundance of reef fishes and their consequent competition could be 

related to consumption of food resources available in these environment substrates (Floeter et 

al. 2007). In addition, these fishes could be associated with organisms of bottom benthic 

communities, once the spatial structure promoted by these organisms offers shelter against 

predation and places for oviposition (Quadros et al. 2019). Thus, knowledge about substrate 

composition is important to define the structure of reef fish assemblage.  

Space competition is a driving force structuring the benthic biota inhabiting the substrate 

of rocky shores. The structure and and functioning of coral reefs are related to the spatial 

distribution of fast-growing benthic algae with relatively slow-growing corals (Floeter et al. 2005; 

Gil et al. 2015). This feature highlights the relative importance of herbivory (top-down force) on 

the structure of these benthic communities (Floeter et al. 2005; Longo et al. 2015). Thus, 

herbivorous fishes mediate the competition between benthic algae and corals, limiting the 

spatial distribution of algae on the rocky shore substrate, which allows the settlement of other 

organisms. Furthermore, reef fish assemblage is a relevant feature for the structure and 

resilience of this marine ecosystem (Mumby et al. 2012; Graham et al. 2013), which highlights 

the need to understand their contribution to the ecosystem structure and functioning (Longo et 

al. 2015). 

Beyond the ecosystem services provided by the Coral reefs, these ecosystems also support 

the social, cultural, and economic well-being of millions of people around the world (Grafeld et
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al. 2016). Despite their importance, coral reef ecosystems are declining globally due to 

anthropogenic impacts, as overfishing, pollution, habitat degradation, introduction of invasive 

species, and climate change (Longo et al. 2015). As the entire ecosystems, the fish assemblage is 

endangered by direct impact (e.g., overfishing), and by the ecosystem degradation (e.g., 

pollution). Due to its importance for the ecosystem structure and functioning, even in the 

absence of indirect impact, the direct impact over this assemblage may disrupt entire 

environment.  

Although coral reefs and rocky shores share similar structural and functional properties, 

the management and conservation of rocky shores do not receive as much attention, which 

highlights the importance of studies to improve the knowledge about this ecosystem type. Given 

the importance that the knowledge about substrate composition has in defining the structure of 

reef fish assemblage, this study aims to investigate the association of substrate coverage and the 

fish assemblage inhabiting the shallow waters of a subtidal zone of a rocky shore. 

 

Material and Methods 
 

Study area  
 

The study took place in the city of Arraial do Cabo – Rio de Janeiro State, a tropical region 

located in the southeastern Brazilian coast (Figure 1). The local rocky shores are worldwide 

known as a biodiversity hotspot (Lima & Coutinho 2016). In this city, there is a marine protected 

area named Marine Extractive Reserve of Arraial do Cabo – ResexMar AC – that is a target area 

for the Coral National Action Plan (MMA/ICMBio 2019). The upwelling phenomenon occurs in 

this region, acting as a biogeographical barrier for several marine species (Spalding et al. 2007), 

and promoting increase of nutrient availability that enhances the local primary productivity 

(Batista et al. 2020). Therefore, this cycle sustains a rich trophic web that characterizes the 

marine environment of Arraial do Cabo as a target area for the development of research projects 

and promotion of the local economic development (e.g., fisheries, tourism) (Batista et al. 2020).  

The site chosen for this study was the rocky shore located on the left side of Forno beach 

in a maximum depth of three meters and three meters away from the shore (22.9658º S, 

42.0084º W) (Figure 1). This beach is located inside a sheltered bay and is influenced by an 

upwelling (Gonzalez-Rodriguez et al. 1992) (Figure 1). 

 

Data  
 

Data were sampled by three snorkeling divers in January, March, April, and May 2019.  A 

total of 24 transects (six each month) of 40 m² (20 m x 02 m) were analyzed and observed twice 

by each diver, totaling 5760 m² (Figure 1). The distribution of transects were placed in group of 

three units to allow a wider sampling effort along this side of the beach sheltered against direct 

wave action and avoid the waste disposable from the floating restaurant and aquiculture farm 

(Figure 1).  

The reef fish assemblage was observed by underwater visual census identifying as lower 

taxonomic level as possible, based on a checklist (Ferreira et al. 2001). The pictures of reef fish 

species were taken using a camera SJCam® HD1080P in order to support an indubious 

identification. The trophic guild of this fish species was based on Ferreira et al. (2004) and Freitas 

et al. (2019) classified as carnivore, territorial herbivore, roving herbivore, mobile invertivore, 

sessile invertivore, omnivore, piscivore, and planktivore (Table 1). 

The relative abundance of each substratum type was recorded using an action camera 

(Gopro®) at five points along each transect five meters distant from each other (five photos for 

each transect) using a piece of pipe for scale reference. Then, a frame was taken of each video 

for an analysis using the software Coral Point Count with Excel extension (CPCe) (Kohler & Gill 

2006).  The relative benthic coverage was estimated by labeling 180 random points on each 

frame according to four labels: algae, zoanthids, rocks and others (Figure 2). 
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Figure 1. Study area located in the city of Arraial do Cabo – Rio de Janeiro State: A. Vector map of Brazil 

delimiting Rio de Janeiro; B. Vector map of Rio de Janeiro delimiting Arraial do Cabo-RJ; C. Vector map 

with a point in Forno beach; D. Satellite image of the left rocky shore of Forno beach, in yellow six sampled 

transects per campaign, provided by Google Earth Pro (2020). Vector maps were projected using Quantum 

Gis (2020). 

 

Statistical analysis 
 

To investigate the influence of substrate benthic composition on fish assemblage 

composition and trophic guild structure, we performed a redundancy analysis (RDA) 

considering the entire period, and subsequently for each month separately. To test the RDA 

significance, we realized a subsequent analysis of variance (ANOVA) of the canonical axes, using 

the fish assemblage as a response variable and benthic composition as explanatory variable. 

Adjusted R2 was used to determine the fit of each model. All analyses were performed using the 

“labdsv” (Roberts 2019) and “vegan” (Oksanen et al. 2013) packages of R software (R Core Team 

2019). 

Prior to RDA, all explanatory variables were tested for normality (Shapiro-Wilk Test) and 

collinearity (Pearson’s Correlation), considering |0.7| as a remove threshold for the correlation 

coefficient between each pair of variables (Zuur et al. 2010). Algae and zoanthids coverages were 

highly correlated (-0.92), thus algae coverage was excluded from all subsequent analysis. 

Zoanthids and others coverages had approximately-normal distributions thus no 

transformations were necessary, although rocky coverage was log transformed to meet the
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normality assumption. Furthermore, all explanatory variables were standardized, and fishes’ 

abundances were Hellinger-transformed to account for the presence of rare species and zero 

values within the dataset. 

 
Table 1. Checklist of reef fishes recorded by this study arranged in taxonomic order within families (Nelson 

2006). 
 

Family 

 

Species 

 

Trophic guild 

 

Abundance 

Species Score RDA Analysis 

RDA1 RDA2 RDA3 

Synodontidae Synodus synodus (Linnaeus, 1758)  Piscivore 01 -0.0008 0.0061 0.0020 

Mugilidae Mugil curema (Valenciennes, 1836) Roving herbivore 64 0.1710 0.0339 0.0010 

Holocentridae Holocentrus adscensionis (Osbeck, 1765) Mobile invertivore 318 0.1247 -0.1446 -0.0269 

Fistulariidae Fistularia tabacaria (Linnaeus, 1758 Piscivore 03 -0.0207 -0.0018 0.0062 
 

Carangidae Carangoides bartholomaei (Cuvier, 1833) Carnivore 55 -0.0394 -0.0302 -0.0042 

Caranx crysos (Mitchill, 1815) Carnivore 93 -0.0862 -0.0268 0.0367 

Lutajanidae Ocyurus chrysurus (Bloch, 1781) Omnivore 01 0.0036 -0.0015 0.0057 

 
 

Haemulidae 

Anisotremus virginicus (Linnaeus, 1758) Mobile invertivore 01 -0.0135 -0.0096 0.0019 

Haemulon aurolineatum (Cuvier, 1830) Mobile invertivore 2458 -0.0867 -0.0438 -0.0368 

H. plumierii (Lacepède, 1801) Mobile invertivore 02 -0.0178 -0.0186 -0.0188 

H. steindachneri (Jordan & Gilbert, 1882) Mobile invertivore 394 -0.0348 0.0320 0.2039 

Sparidae Diplodus argenteus (Valenciennes, 1830) Omnivore 44 -0.1025 -0.0492 -0.0385 

Mullidae Pseudupeneus maculatus (Bloch, 1793) Mobile invertivore 72 -0.2007 -0.0242 -0.0113 

Chaetodontidae Chaetodon striatus (Linnaeus, 1758) Sessile invertivore 61 0.0222 -0.0662 0.0063 

Pomacanthidae Pomacanthus paru (Block, 1787) Omnivore 04 -0.0116 0.0094 -0.0124 

 

Pomacentridae 

Abudefduf saxatilis (Linnaeus, 1758) Omnivore 590 0.2804 0.2564 -0.0555 

Stegastes fuscus (Cuvier, 1830) Territorial herbivore 1112 0.3339 -0.0585 0.0171 

Stegastes pictus (Castelnau, 1855) Omnivore 04 -0.0253 -0.0248 -0.0194 
 

Labridae 
Halichoeres brasiliensis (Block, 1791) Mobile invertivore 17 0.0288 0.0304 0.0451 

Halichoeres poeyi (Steindachner, 1867) Mobile invertivore 120 -0.0178 -0.0186 -0.0188 
 

Scaridae Sparisoma axillare (Steindachner, 1878) Roving herbivore 02 0.0008 0.0144 0.0195 

S. radians (Valenciennes, 1840) Roving herbivore 14 -0.0320 0.0214 0.0603 

Blenniidae Parablennius marmoreus (Poey, 1876) Omnivore 05 -0.0201 -0.0151 0.0026 

 

Acanthuridae 

Acanthurus bahianus (Castelnau, 1855) Roving herbivore 307 -0.4939 0.1140 -0.0306 

A. chirurgus (Block, 1787) Roving herbivore 91 -0.1930 0.0361 0.0013 

A. coeruleus (Bloch & Schneider, 1801) Roving herbivore 01 -0.0143 0.0076 -0.0085 
 

Monacanthidae 
Aluterus scriptus (Osbeck, 1765) Omnivore 02 0.0007 -0.0019 0.0046 

Cantherhines pullus (Ranzani, 1842) Omnivore 21 0.0099 0.0606 0.0498 

Ostraciidae Acanthostracion polygonius (Poey, 1876) Sessile invertivore 04 -0.0109 -0.0219 -0.0230 

Tetraodontidae Sphoeroides spengleri (Block, 1785) Mobile invertivore 08 -0.0812 0.0407 -0.0099 

Diodontidae Chilomycterus spinosus (Linnaeus, 1758) Mobile invertivore 01 -0.0014 -0.0092 0.0003 

  
 

 
 

Figure 2. Representative frames of substrates: A. Predominance of algae; B. Predominance of zoanthids; C. 

Predominance of algae and zoanthids; D. Predominance of algae and rocks. 
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Results 
 

Throughout this study, a total of 5414 individuals of 31 reef fish species belonging to 20 

families were observed (Table 1). The species ranked in descending order of abundance were: 

Haemulon aurolineatum, Stegastes fuscus and Abudefduf saxatilis (Figure 3). Considering all 

sampling periods, 20 species were classified as uncommon because their abundance was lower 

than five individuals (Table 1). The specimens of those species were not collected. 
 

 
 

Figure 3. Common reef fish species observed in this study: A. Haemulon steindachneri; B. Haemulon aurolineatum; C. 

Abudefduf saxatilis; D. Stegastes fuscus; E. Acanthurus bahianus; F. Acanthurus chirurgus; G. Holocentrus adscensionis 

and H. Chaetodon striatus. 
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Benthic cover was characterized on 24 transects, and the main types were zoanthids and 

algae. Adding all transects, these organisms showed, respectively, mean rates of about 45.66% 

and 34.64%. Among these transects, half (12) were mainly covered by zoanthids (mean of 

70.57%); 6 were mainly covered by algae (mean of 60.67%); 4 covered by zoanthids (mean of 

41.45%) and algae (mean of 41.59%) together; and 2 covered by algae (mean of 52.69%) and 

rocks (mean of 42.91%) together. Also, the category “others” was not prevalent at any transect.  

The redundancy analysis (RDA) of fish assemblages returned three significant axes 

explaining 17.8% of the total variation within the species data (adjusted R2), with the first and 

second axes accounted for 21.9% and 8.7% (unadjusted R2) of the total explained variation (Table 

2; Figure 4). Along the RDA, 1 axis (Zoanthids), four species have scores above 0.20 and were 

considered strongly associated with this axis, Acanthurus bahianus (Castelnau, 1855) (-0.49), S. 

fuscus (0.33), A. saxatilis (0.28) and Pseudupeneus maculatus (Bloch, 1793) (0.20). Along the 

RDA 2 (Rock) and RDA 3 (others) axes, A. saxatilis (0.26) and Haemulon steindachneri (Jordan 

& Gilbert, 1882) (0.20), respectively, were considered strongly associated with these explanatory 

variables (Table 1; Figure 4).  

The RDA of fish assemblages considered each month separately. The results were 

significant only for April, returning three significant axes explaining 53.2% of the total variation 

within the species data (adjusted R2), the first and second axes accounted for 57.9% and 15.5% 

unadjusted R2 of the total explained variation (Table 2; Figure 4). Along the RDA 1 axis 

(zoanthids), four species have scores above 0.20 and were considered strongly associated with 

this axis, A. saxatilis (-0.41), H. aurolineatum (0.40), Holocentrus adscensionis (Osbeck, 1765) (-

0.33) and S. fuscus (-0.31) (Table 3; Figure 4). Along the RDA 2 and RDA 3 axes, no species has 

reached the threshold of the species score value (0.20). 

 
Table 2. Summary of RDA (Redundancy Analysis) analyses to investigate the relationship between 

substrate coverage and reef fish assemblage and reef fish guilds. 
 

Analysis Period R2 
ajus. 

RDA Axis  

% Explained 

 
 

RDA Axis Components 

1 2 3 Substrate Coverage 1 2 3 

 

Species 

 

Entire 0.178 0.219 0.045 0.021 

Zoanthids 0.95 0.03 -0.32 

Rocks -0.58 0.81 0.11 

Others -0.11 -0.15 0.98 

Guild Entire 0.222 0.236 0.086 0.002 

Zoanthids -0.97 -0.05 -0.23 

Rocks 0.58 -0.79 0.20 

Others 0.20 0.31 0.93 

Species April 0.532 0.579 0.155 0.080 

Zoanthids -0.85 0.18 0.51 

Rocks 0.09 -0.27 -0.96 

Others 0.72 -0.51 -0.48 

Guild April 0.730 0.662 0.128 0.102 

Zoanthids 0.73 0.68 -0.05 

Rocks 0.05 -0.93 0.36 

Others -0.53 -0.82 -0.22 

 

The RDA of trophic guild structure of fish assemblages returned three significant axes 

explaining 22.2% of the total variation within the species data (adjusted R2), with the first and 

second axes accounting for 23.6% and 4.5% (unadjusted R2) of the total explained variation 

(Table 2; Figure 5). Along the RDA 1 axis (Zoanthids), three trophic guilds have scores above 

0.20 and were considered strongly associated with this axis, roving herbivore (0.41), territorial 

herbivore (-0.40) and mobile invertivore (0.20). Along the RDA 2 axis (Rock), omnivore (-0.26) 

and mobile invertivore (0.22) were considered strongly associated with these explanatory 

variables (Figure 5). Along RDA 3 axis, no guild has reached the threshold of the species score 

value (0.20).  

The RDA of trophic guild structure of fish assemblages, considering each month 

separately, was significant only for April and returned three significant axes explaining 73.0% of 

the total variation within the species data (adjusted R2), with the first and second axes accounted
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for 66.2% and 12.8% (unadjusted R2) of the total explained variation (Table 2; Figure 5). Along 

the RDA 1 axis (zoanthids), three trophic guilds presented scores above 0.20 and were considered 

strongly associated with this axis, omnivore (0.45), mobile invertivore (-0.38) and territorial 

herbivore (0.37). Along the RDA 2 (Rock), roving herbivore (-0.22) was considered strongly 

associated with these explanatory variables (Figure 5). Along RDA 3 axis, no guild has reached 

the threshold of the species score value (0.20). 

 
Table 3.  Checklist of reef fishes recorded by this study in April, arranged in taxonomic order within 

families (Nelson 2006). 
 

 

Family 
 

Species 
 

Trophic guild 
 

Abundance 
Species Score RDA Analysis 

RDA1 RDA2 RDA3 

Holocentridae Holocentrus adscensionis (Osbeck, 1765) Mobile invertivore 318 -0.3296 0.1850 0.0340 

Fistulariidae Fistularia tabacaria (Linnaeus, 1758 Piscivore 03 0.0194 0.0190 -0.0068 

Carangidae Carangoides bartholomaei (Cuvier, 1833) Carnivore 55 -0.0651 -0.0453 -0.1250 

Caranx crysos (Mitchill, 1815) Carnivore 93 0.0762 0.0387 -0.1494 

Haemulidae Haemulon aurolineatum (Cuvier, 1830) Mobile invertivore 2458 0.3977 0.0809 0.0648 

H. steindachneri (Jordan & Gilbert, 1882) Mobile invertivore 394 0.0182 0.1711 -0.0486 

Sparidae Diplodus argenteus (Valenciennes, 1830) Omnivore 44 0.0285 -0.0134 -0.0610 

Mullidae Pseudupeneus maculatus (Bloch, 1793) Mobile invertivore 72 0.0921 -0.1126 -0.0045 

Chaetodontidae Chaetodon striatus (Linnaeus, 1758) Sessile invertivore 61 -0.0649 -0.1312 0.0574 

Pomacanthidae Pomacanthus paru (Block, 1787) Omnivore 04 -0.0107 0.0091 -0.0185 

Pomacentridae Abudefduf saxatilis (Linnaeus, 1758) Omnivore 590 -0.4078 -0.0425 -0.0694 

 Stegastes fuscus (Cuvier, 1830) Territorial herbivore 1112 -0.3053 -0.0981 0.0680 

 S. pictus (Castelnau, 1855) Omnivore 04 0.0337 0.0329 -0.0117 

Labridae Halichoeres brasiliensis (Block, 1791) Mobile invertivore 17 -0.0571 -0.0497 0.0268 

 H. poeyi (Steindachner, 1867) Mobile invertivore 120 0.1034 -0.0440 0.0241 

Scaridae Sparisoma axillare (Steindachner, 1878) Roving herbivore 02 0.0148 -0.0174 -0.0269 

S. radians (Valenciennes, 1840) Roving herbivore 14 0.0330 -0.0408 0.0128 

Blenniidae Parablennius marmoreus (Poey, 1876) Omnivore 05 0.0148 -0.0174 -0.0269 

Acanthuridae Acanthurus bahianus (Castelnau, 1855) Roving herbivore 307 0.1204 -0.1198 -0.1156 

 A. chirurgus (Block, 1787) Roving herbivore 91 0.0496 -0,1266 0.0373 

Monacanthidae Cantherhines pullus (Ranzani, 1842) Omnivore 21 0.0439 -0.0536 -0.0069 

 

Discussion 
 

This study shows that zoanthids (coverage mean of 45.66%) and algae (coverage mean of 

34.64%) are the dominant elements of benthic coverage in this rocky shore ecosystem, being 

responsible for most of the variation revealed by our analysis. These results reinforce the 

importance of the role of competition for space between Palythoa caribaeorum (Pérez et al. 

2005) (zoanthid) and algae in the structure of hard substrate ecosystems. This competition 

dynamic is directly associated with the recruitment success of the organisms that structure the 

substrate (Rabelo et al. 2007). 

The recruitment success of these two substrate elements is related to reproductive and 

ecological features of these taxa. In addition to life traits, coverage proportion of these 

organisms at the substrate can be directly related to removal by other organisms, highlighting 

the role of trophic interactions as a top-down mechanism that controls the structure and 

dynamics of this habitat (Longo et al. 2015). Moreover, cnidarians are more disadvantaged 

competitors than algae at hard substrates due to their sensibility and reproductive biology 

(Tanner 1995). Birrell et al. (2005) proposed that settlement of coral and zoanthids species is 

slower in areas dominated by algae because of little free space and settlement inhibition. Thus, 

removal of one of these taxa (algae and zoanthids) promoted by biotic (foraging) and/or abiotic 

(wave action) factors, including anthropogenic factors, could induce the recruitment by other 

taxa (zoanthids and algae).  

Further, the territorial and roving herbivores are of major importance for the structure 

and dynamics of benthic coverage by other organisms due to the greater recruitment potential 

presented by algae. Thus, the association of these fishes with habitats predominantly covered by 

algae is clear. Our study supports this hypothesis, since the herbivores A. bahianus and 

Acanthurus chirurgus (Block, 1787) presented preference for habitats with algae predominance. 

Although algae coverage was not included in our analysis (correlation with zoanthid coverage),
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the negative scores of these two species along the RDA 1 axis (species analysis) indicate a non-

preference for substrate covered by zoanthids, which means a preference for substrate covered 

by algae. 

In addition, the roving herbivore trophic guild was composed by four more species. The 

Mugilidae Mugil curema (Valenciennes, 1836) presented relevant species score. The species M. 

curema is usually found in reef environments (Lieske & Muers 1994), but only uses these areas 

as a passage to estuarine regions (Favero & Dias 2015), which is in agreement with our 

observation of large schools during only one day. Despite M. curema abundance of more than 50 

individuals, and its association to substrate covered by zoanthids, this relationship was probably 

biased due to the species’ occasional presence on rocky shores.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. RDA (Redundancy Analysis) analyses to investigate the relationship between substrate coverage and 

reef fish assemblage. Panels A and C (April) display vectors of influence for substrate coverage variables and sites 

scores. Panels B and D (April) display vectors of influence for substrate coverage variables and species scores 

(above 10). 
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Figure 5. RDA (Redundancy Analysis) analyses to investigate the relationship between substrate coverage 

and reef fish guilds. Panels display vectors of influence for substrate coverage variables, sites scores and 

guilds scores. Carnivore (CA), territorial herbivore (TH), roving herbivore (RH), mobile invertivore (MI), 

sessile invertivore (SI), omnivore (OM) and piscivore (PI). 

 

In contrast to other herbivores, the Pomacentridae S. fuscus (Cuvier, 1830) belongs to the 

guild of territorial herbivore. We observed the species’ preference for a substrate predominantly 

covered by zoanthids. Although this species is herbivorous, it is extremely territorial, favoring 

habitats with sufficient algae banks for their feeding (Ferreira et al. 1998). This case can be 

interpreted as a strategy to avoid the attraction of competitors (Schacter et al. 2013). Our data 

corroborate this hypothesis, because areas predominantly covered by zoanthids are less 

attractive for roving herbivores. This strategy could be an advantage for S. fuscus (Cuvier, 1830) 

due to the lower competition for food resources. This species is the only representative of the 

territorial herbivore guild, thus the association of this trophic guild with the substrate resemble 

the observed association with S. fuscus.  

The mobile invertivore guild establishes a strong association with patches of the rocky 

shore covered with algae. However, when we analyzed each species separately, this pattern was 

disrupted. Some species of this guild presented association with substrate predominantly covered 

by algae, P. maculatus (Bloch, 1793) and Halichoeres poeyi (Steindachner, 1867), zoanthids, H. 

adscensionis, others, H. steindachneri, and the species that did not show preference between 

these two coverages, H. aurolineatum.  

The presence of mobile invertebrate feeders in transects with substrates predominantly 

covered by algae is explained by the dense coverage created by algae, harboring a great 

abundance of mobile invertebrates. These macroalgae offer a great amount of food resources 

and shelter against predation. However, substrates predominantly covered by zoanthids also 

shelter invertebrates because of the availability of refuges among the soft polyps of P. 

caribaeorum (Klumpp et al. 1988). This relationship could explain the presence of other reef fish 

species belonging to the mobile invertebrate guild.  

Based solely on our data, we cannot assert the existence of differences in food resources 

availability among those habitats. Thus, an alternative hypothesis is needed to explain the 

preference of some species (e.g., H. adscensionis and A. saxatilis) for substrates predominantly 

covered by zoanthids. The presence of H. adscensionis on substrate with predominance of 

zoanthids is probablybiased by the sampling procedures, provided it is a nocturnal species 

(Greenfield 1981). During the observation, H. adscensionis individuals were often sheltered in 

caves since sampling was done during the day. The association between this species and this type 

of benthic coverage we observed probably coincides with the larger amount of shelter places 

found in these areas (Ferreira et al. 2004). 

April March May January 
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The Pomacentridae A. saxatilis prefers substrates covered by zoanthids probably because 

this habitat offers a safety place for oviposition and predation avoidance. This species presents 

similar reproductive traits to S. fuscus such as mating in couples, demersal adhesives eggs 

attached to rocks, and male parental care (Bessa & Sabino 2012). Habitats with predominance of 

zoanthids are more structuraly complex, offering more shelter places (Ferreira et al. 2004; 

Quadros et al. 2019). Furthermore, A. saxatilis individuals could benefit from S. fuscus’s 

territorial protection, avoiding predation of adults and eggs by Serranidae e Labridae fishes 

(Randall 1967). This species represented 88% of the entire abundance observed for the eight 

omnivore fish species observed, which explains the association of this guild with substrates 

covered by zoanthids. 

The guild of sessile invertivore feeders was represented by Chaetodon striatus (Linnaeus, 

1758) and Acanthostracion polygonius (Poey, 1876), but none of them showed preference for a 

substrate coverage, which was supported by a moderate association of this guild with two RDA 

axes. Because C. striatus accounts for 94% of this guild abundance, its substrate relationship 

could be characterized by this species behavior. The Chaetodontidae fishes are not considered 

selective feeders, their diet includes coral mucus and polyps, which include Palythoa sp. 

(zoanthid) (Bonaldo et al. 2005). Thus, the absence of preference for a substrate coverage could 

be justified by its generalist foraging.  

The carnivorous fishes did not show a strong preference for any substrate coverage, both 

guild and species analyses. The guild presented a moderate association with two RDA axes, 

which were associated with rock (species score in RDA 2 axis -0.19) and others coverages. The 

species of this guild present different predation strategies, Caranx crysos (Mitchill, 1815) is a 

relatively specialist predator of some crustaceans and fishes of family Clupeidae (Sley et al. 

2009) and Carangoides bartholomaei (Cuvier, 1833) is a generalist predator. Due to their diet be 

composed by mobile preys, theses fishes must forage a wide area, which allow these species to 

inhabit areas independent of the substrate coverage. Likewise, the piscivores, another predator 

guild feeding on high mobile preys, did not show evidence of a substrate coverage preference.   

The temporal analysis did not allow us to evaluate the dynamics of the relationship 

between substrate coverage and fish assemblage. However, the results observed for the analysis 

in April, allowed us to verify the existence of changes in contrast with the entire period. The 

main change observed in April was the lower association of the roving herbivore guild with the 

substrate covered by algae. In April, we observed an increase on abundance of H. aurolineatum 

juveniles, which corresponded for 55% of the species total abundance. H. aurolineatum shows 

preference for substrates predominantly covered by algae because of their diet be based on 

mobile invertebrates, as observed for others mobile invertebrate feeders. Although, H. 

aurolineatum and roving herbivores fishes (e.g., A. bahianus) do not compete for the same food 

resource, they are foraging on the same area. Therefore, this singular increase on H. 

aurolineatum abundance could result in the decrease on the roving herbivore fish abundance. 

Thus, this juvenile recruitment highlights the importance that other ecological interactions, as 

interspecific competition, have on the structure and functional response of reef fish assemblage.   

Although, it is widely recognizable that the reef fish assemblages of rocky shores are 

linked to the benthic communities inhabiting their substrates (Floeter et al. 2007; Medeiros et al. 

2010; Krajewski & Floeter 2011; Longo et al. 2015; Freitas et al. 2019; Quadros et al. 2019), our 

overall results suggest that the substrate composition has a low influence on fish assemblage 

structure. Both Redundancy analyses (RDA) of fish assemblages and trophic guild structure 

shown that our three substrate categories had low power to explain them (R2 adjusted = 17.8% 

and 22.2%).   

In a study with parrotfishes at the Great Barrier Reef (Johnson et al. 2019), realized on a 

wider geographical range, 43.3% of the variance observed on this assemblage was explained 

(RDA analysis) by rocky shore topography (slope) and oceanographic characteristics (wave 

exposition, superficial water temperature). Another study, realized at Santa Lucia Island (Freitas 

et al. 2019), the reef fish assemblage variance was explained (62%) by a set of 12 variables, 

highlighting the influence of substrate coverage composition. However, in addition to the wider
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geographical range of this study, the higher explanatory power of its RDA analysis is due to 

planktivore fishes being positively correlated with sites with a high cover of sand and 

macroalgae, a fish trophic guild and a substrate category not included in our study. Considering 

these studies, the low explanatory capacity presented by our set of variables could be related to 

the number of variables included in the analysis, as more substrate coverage categories, rocky 

shore topography and oceanographic characteristics. In addition, it should be noted that our 

study was carried out on a narrow geographical scale, focusing on a reef fish assemblage that 

inhabits the shallow waters of a rocky shores.  

The structure and dynamics of reef fish assemblages that inhabit rocky shores are 

determined by abiotic and biotic features that set their influence on different geographical and 

temporal scales. Thus, the results of this study demonstrated that the habitat preference, 

characterized by benthic coverage, was important for the composition of reef fish assemblage on 

a micro-scale. This study showed that choice for a habitat among benthic coverage types could 

be explained by availability of food resources present at the habitat, also other biotic interactions 

that decrease the predation action. 
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