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ABSTRACT
The epilithic algal matrix (EAM) plays a significant role in the benthic cover of reefs worldwide. In Brazil, the EAM accounts 
for a substantial proportion of the benthos, and its associated fauna contributes to the majority of the reef's metazoan biodi-
versity and is an important link into the trophic chain, connecting the production performed by macroalgae to higher levels of 
consumers such as fish and crabs. Yet, knowledge about this microhabitat is practically null. In this study, we sampled the EAM-
associated cryptofauna at three sites within a subtropical Brazilian coastal reef, at depths from 3 to 15 m. We recorded a total of 13 
taxa, belonging to 6 phyla/subphyla. Crustaceans, particularly Caprellidae amphipods, were the most abundant group, followed 
by gastropod molluscs. The algal component is known to exert great influence over its associated fauna as it offers niches for 
colonisation, refuge, and food resources. Algal biomass positively influenced the abundance of the cryptofauna, its composition, 
and the abundance of crustaceans and molluscs. Coarse particulates influenced both the total community abundance and crus-
taceans, likely reflecting the group's detritivorous feeding habits. Depth had a positive effect on polychaetes, possibly attributed 
to competition with dominant taxa or size constraints imposed by the more dense algal mats in shallower depths. Our findings 
suggest that, similar to macroalgal fronds, the EAM algae shapes the abundance and composition of its associated cryptofauna. 
Given that the EAM and its cryptofauna likely represent the primary food resource for reef fishes and macroinvertebrates, un-
derstanding their structure, composition, and dynamics is essential, as any impacts on these components are expected to cascade 
through trophic levels, ultimately affecting the entire reef ecosystem and the human populations that depend on it.

1   |   Introduction

Reef systems, despite constituting a small fraction of the ocean 
habitats (Buddemeier  2004), play a pivotal role hosting nearly 
one-third of all marine life (Moberg and Folke 1999; Leão and 
Dominguez 2000). Along the Western South Atlantic, biogenic 
reefs in tropical regions and rocky reefs in subtropical zones 
and oceanic islands are common features of coastal seascapes 
(Ferreira et  al.  2004; Floeter et  al.  2007). Reef ecosystems in 
Brazil have distinct characteristics compared to Caribbean reefs. 

While the latter are predominantly coral-dominated biogenic 
reefs (Sheppard 2021), Brazilian reefs exhibit comparatively low 
coral cover and are characterised by extensive turf algae and 
macroalgae coverage (Aued et al. 2018).

Turf algae form dense carpets of short-thallus algae, typically 
< 15 cm tall (Connell et al. 2014). These algae, along with dia-
toms, cyanobacteria, and epiphytes, constitute what is known 
as the epilithic algal matrix (EAM), a three-dimensional com-
plex habitat with a remarkable amount of detritus and sediment 
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particle trapping capabilities (Connell et  al.  2014; Wilson and 
Bellwood 1997). Within the EAM, a diverse community of small 
invertebrates, ranging from 0.06 to 40 mm in size, constitutes 
the cryptofauna, which lives off available resources like detri-
tus, cyanobacteria, epiphytes, and shelters from environmental 
stressors and potential predators (Klumpp et  al.  1988; Wolfe 
et al. 2020).

Several factors influence the composition and abundance of 
cryptofauna associated with the EAM, including algal abun-
dance, algal architecture, and trapped particles (Myers and 
Southgate 1980; Klumpp et al. 1988; Kramer et al. 2012, 2014b; 
Gallardo et al. 2021). Algal components and their characteris-
tics play a significant role in shaping the associated macrofau-
nal communities across different habitats (Christie et al. 2009; 
Thomaz and Cunha 2010; Leite et al. 2021), with a positive rela-
tionship observed between faunal abundance and algal biomass 
(Leite et al. 2021; Barros et al. 2024). Algal structural complexity 
enhances the availability of food sources, refuges from preda-
tion, and protection against hydrodynamic impacts, while also 
serving as a trap for larvae and eggs (Dean and Connell 1987; 
Hacker and Steneck 1990). Trapped particles contribute to spa-
tial heterogeneity and offer colonisation opportunities, with de-
tritus playing a particularly important role as a food resource for 
cryptic invertebrates (Hutchings 1983; Glynn and Enochs 2010; 
Vicente et al. 2022). Additionally, other factors such as depth and 
predation can influence the structure of cryptofaunal communi-
ties (Stier and Leray 2014; Berthelsen et al. 2015), as predation 
is capable of altering the composition and diversity of key taxo-
nomic groups within the cryptofauna (Stier and Leray 2014), and 
depth can influence habitat characteristics that hierarchically 
influence community patterns (Wolfe et al. 2023).

In Brazilian reefs, despite the EAM and its associated crypto-
fauna covering a significant portion of the benthos and serving 
as a crucial food resource along the entire coast and oceanic 
islands, this fauna has been largely overlooked as a promi-
nent component of the reef ecosystem. Consequently, our un-
derstanding of the composition and community structure 
of the cryptofauna in these reefs remains extremely limited 
(Ferreira et al. 1998; Head et al. 2018; Barros et al. 2024). Here, 
we investigate the community composition and structure of 
EAM-associated cryptofauna on subtropical rocky reefs of the 
Western South Atlantic. Specifically, we evaluate the influence 
of depth, site, algal biomass, and trapped particles on crypto-
faunal abundance and distribution. Based on evidence from 
macroalgal-associated invertebrates, we hypothesised that algal 
biomass would be the primary driver of cryptofaunal commu-
nity structure (Lalonde and Downing 1992; Barbosa et al. 2019). 
Our findings provide new insights into the ecological dynamics 
of Brazilian reefs, where the EAM constitutes the dominant ben-
thic cover and supports key trophic pathways.

2   |   Materials and Methods

2.1   |   Study Area

Arraial do Cabo (22° 57′ S, 42° 01′ W) is situated on the south-
east coast of Brazil and comprises an isthmus and two islands 
formed by granitic rocks. This region is part of the Arraial do 

Cabo Marine Extractive Reserve, a sustainable use conserva-
tion unit, where only local traditional fishermen are allowed 
to explore. Due to the prevailing northeast winds and coastal 
morphology, small-scale upwelling events frequently occur, re-
sulting in colder water temperatures (below 20°C) and higher 
nutrient loading (Valentin  1984; Coelho-Souza et  al.  2012). 
These events give rise to two distinct subregions within the area, 
where specific sampling sites were designated (see Figure  1). 
The exposed rocky shores, with deeper reefs reaching 25 m, are 
directly influenced by the upwelling waters, characterised by an 
average temperature of 18°C. The sheltered rocky shores expe-
rience comparatively higher average temperatures (~22°C) and 
shallower reefs reaching up to 15 m (Valentin  1984; Cordeiro 
et al. 2016).

The benthic composition in the region is characterised by the 
prevalence of the EAM, covering over 40% of the benthos, while 
massive corals and milleporids contribute to only around 5%. 
Furthermore, the exposed and sheltered subregions exhibit rela-
tive dissimilarities in benthic coverages, with a higher presence 
of macroalgae and sessile invertebrates in the exposed and shel-
tered regions, respectively (Cordeiro et al. 2014). The two sub-
regions also differ in EAM algal composition. In the sheltered 
region, corticated and coralline articulated algae dominate the 
EAM. On the other hand, the exposed region displays a higher 
abundance of corticated and filamentous algae. This includes 
species that have a greater affinity for colder temperatures, such 
as Gelidium pusillum and Pterocladiella capillacea (Lyrio 2020; 
Figure 2).

2.2   |   Sampling Procedure

During February 2019, we conducted sampling at two sites in the 
sheltered region [Praia dos Anjos—PA (latitude = −22.979253°, 
longitude = −42.016404°), and Pedra Vermelha—PV 
(−22.986330°, −41.992387°)], indirectly influenced by the 
upwelling, and one, Saco dos Ingleses (IG, −23.002335°, 
−42.012110°), in the exposed area, directly influenced by the 
upwelling (Figure 1). At each site, 15 samples of the EAM were 
collected. At PV and PA, sampling was carried out between 1 
and 8 m, whereas at IG, it was restricted to 5–15 m, as EAM was 
absent at shallower depths due to the dominance of macroal-
gal fronds. For each depth, we collected five samples (7 × 7 cm) 
using an air-lift device. After sampling, the collected material 
was transferred to 50 mL plastic tubes and frozen.

The air-lift device used consists of a PVC pipe with a stainless-
steel blade and a hose connected to a compressed air cylinder. 
At the end of the pipe, there is a mesh bag (0.5 mm mesh size) 
that retains the scraped EAM as it is lifted by the air flux. This 
method has a minimal loss of material (around 10%, mainly fine 
sediments; Purcell 1996; Tebbett et al. 2022) and causes little to 
no fragmentation, making it effective for sampling all compo-
nents of the EAM.

In the laboratory, the collected material was examined with 
a stereomicroscope and sorted into four categories: cryp-
tofauna, algae, sediment (inorganic particles), and detritus 
(organic particles). Detritus and sediment were combined 
and referred to as ‘coarse particles’ since a 0.5 mm mesh size 
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cannot capture fine sediments and most detritus < 0.125 mm. 
The cryptofaunal component is composed of both macro-
fauna (sizes > 0.5 mm) and meiofauna (sizes between 0.04 and 
0.5 mm). Yet, only individuals from the macrofauna were col-
lected in this study due to the 0.5 mm mesh size used. The wet 
biomass of cryptofauna, algae and coarse particles was quan-
tified for all samples. The cryptofauna was further identified 
at the lowest taxonomic level possible and counted. Due to the 
small size of organisms and taxonomic difficulties, most fauna 
was identified to the phylum level. Taxa with low abundance, 
considered here as organisms that constitute less than 2% of 
the total abundance, were grouped into a category called ‘oth-
ers’. Sessile taxa (Porifera and Bryozoa) were not evaluated 
in this study due to challenges in individually counting the 
colonies.

2.3   |   Data Analysis

We conducted permutational multivariate analysis of variance 
(PERMANOVA) to assess variations in community composition 
among sites, depths, and EAM characteristics (algae biomass 
and coarse particulate amount). We applied sites as a fixed fac-
tor, and depth, algae biomass, and coarse particulate amount as 
covariables. We used Bray–Curtis distances based on taxa abun-
dance values at the phylum level for this analysis. Permutational 
tests were executed using the ‘adonis’ function from the ‘vegan’ 
package (Oksanen et al. 2020). We also conducted Permutational 
Analysis of Multivariate Dispersions (PERMDISP) using the 
Bray–Curtis dissimilarity matrix to evaluate whether differ-
ences in community composition among groups are driven by 
differences in dispersion. PERMDISP was performed using 

the ‘betadisper’ function from the ‘vegan’ package (Oksanen 
et al. 2020). We applied Similarity Percentage (SIMPER) anal-
ysis using the Bray–Curtis dissimilarity matrix to identify 
which taxonomic groups contributed most to the dissimilarities 
among sites. All analyses were done in the R software (R Core 
Team 2020).

To explore variations in the EAM categories (including cryp-
tofauna, algae, and coarse particles) across different sites and 
depths, we applied linear models (LMs). Within these models, 
the dependent variable was either the total abundance of the 
cryptofauna or the wet weight of each EAM category. Site was 
included as an independent fixed variable, and depth, algae bio-
mass, and particulate material as covariables. The statistical 
significance of each independent variable was assessed using 
F-values derived from the ‘anova’ function (‘stats’ package—R 
Core Team 2020). Before conducting the analysis, we carefully 
examined all independent variables for collinearity by apply-
ing the Variance Inflation Factor (VIF) statistic with a thresh-
old of VIF < 4, following the methodology outlined by Zuur 
et al. (2009). Notably, no significant issues of collinearity were 
detected in our assessment. To meet the assumption of normal 
distribution, we applied a log transformation to the cryptofauna 
biomass prior to model fitting. To ensure model validity, we con-
ducted a comprehensive evaluation, which included visual in-
spections of residuals, fitted values, Q–Q plots of residuals, and 
assessments of residual distribution.

Similarly, we employed linear models (LMs), following the 
same design, to investigate variations in the abundance of 
each taxonomic group (Crustacea, Mollusca, Polychaeta, and 
‘Others’). These models included sites, depths, EAM algae 

FIGURE 1    |    (A) Map of Rio de Janeiro state in Brazil, indicating the municipality of Arraial do Cabo. (B) Map of Arraial do Cabo indicating sam-
pled sites: Praia dos Anjos (PA), Pedra Vermelha (PV), and Saco dos Ingleses (IG). Orange = sheltered region, indirectly influenced by upwelling 
(> 22°C); Blue = exposed region, directly influenced by upwelling (< 20°C). Yellow circles indicate sampled sites. Black dot = harbour of Arraial do 
Cabo.
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biomass, and the wet weight of coarse particles as indepen-
dent variables.

For a more comprehensive understanding of the statisti-
cal results, additional graphical representations and images 
(Figures S2–S7 and Tables S1–S7) of the EAM-associated cryp-
tofauna found in this study are available in the Supporting 
Information.

3   |   Results

3.1   |   Community Structure

In total, 1506 individuals were counted across the three sam-
pled sites, representing 13 taxa grouped into four main groups: 
Crustacea (Amphipoda, Tanaidacea, Decapoda, Isopoda, 
Cirripedia, and Ostracoda), Mollusca (Gastropoda, Bivalvia, 
and Polyplacophora), Polychaeta, and Others (Foraminifera, 

Sipuncula, and Echinodermata). Among these groups, Crustacea 
was the most abundant, comprising 49% of the community 
(n = 733), followed by Mollusca (39%, n = 590), Polychaeta (6%, 
n = 96), and the ‘Others’ group (5%, n = 87; Foraminifera = 36; 
Echinodermata = 33; Sipuncula = 18). The dominant taxa were 
amphipods (n = 384) and gastropods (n = 385), together account-
ing for more than 50% of the community composition. Bivalves 
(n = 202), tanaids (n = 121), and other crustaceans (n = 228) also 
contributed to the community composition (Table  1). Some of 
the dominant taxa could be identified at the family level: amphi-
pods were mainly composed of Caprellidae (60% of amphipods); 
decapods by brachyuran crabs (79%) and paguroids (21%); and 
gastropods by the families Rissoidae (24%), Nassaridae (12%) 
and Columbellidae (11%).

Community composition differed between sites (PERMANOVA; 
R2 = 0.09, p = 0.02). The main contributor to the dissimilarity 
between PA and IG was Crustacea (SIMPER; 25.64%, p = 0.07), 
which was more abundant at PA (23.8 individuals) than at IG 

FIGURE 2    |    Photos of the epilithic algal matrix (EAM) sampled at rocky reefs of Arraial do Cabo, southeast Brazil. (A) Pedra Vermelha—3 m; 
(B) Pedra Vermelha—5 m; (C) Pedra Vermelha—7 m; (D) Praia dos Anjos—3 m; (E) Praia dos Anjos—5 m; (F) Praia dos Anjos—7 m; (G) Saco dos 
Ingleses—5 m; (H) Saco dos Ingleses—10 m; (I) Saco dos Ingleses—15 m.
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(11.64 individuals). Between PV and IG, Mollusca (21.89%, 
p = 0.01), Foraminifera (3%, p = 0.005), and Sipuncula (2.3%, 
p = 0.003) were the primary contributors to dissimilarity, with 
significantly higher Mollusca and Foraminifera abundance at 
PV and greater Sipuncula abundance at IG.

Community composition also differed according to algae bio-
mass (R2 = 0.06, p = 0.03). According to PERMDISP analysis, 
there were no significant differences in dispersion between 
groups based on site (F = 1.8, p = 0.17). This suggests that ob-
served differences in community composition were not driven 
by differences in variability within groups. Other environmen-
tal variables (depth and coarse particles) did not influence the 
community composition.

The total abundance of cryptofauna differed among sites 
(Linear Model, F-value = 3.88; p = 0.03) with higher abundance 
observed at PA (mean ± SE = 46.7 ± 11.6) and lower abundance 
at IG (23.9 ± 13.0). Cryptofauna abundance did not differ among 
depths (F-value = 0.4, p = 0.5). Positive relationships with the 
amount of trapped coarse particles (F-value = 4.2; p = 0.05) and 
algae biomass (F-value = 9.25; p = 0.004) were observed between 
the cryptofauna abundance.

Cryptofauna biomass differed among sites (F-value = 5.51; 
p = 0.008) but was not related to algal biomass (F-value = 1.33; 

p = 0.2), coarse particles (F-value = 0.24; p = 0.62), or depth 
(F-value = 0.39; p = 0.53). The highest biomass was ob-
served in PA (1.23 g/49 cm2 ± 0.77 g/49 cm2), followed by PV 
(0.72 g/49 cm2 ± 0.55 g/49 cm2) and IG (0.52 g/49 cm2 ± 0.37 g/49 
cm2).

In addition, relationships between each cryptofaunal taxa, 
components of EAM (algal biomass and coarse particles), 
and environmental drivers (site and depth) were evaluated. 
Crustaceans, similarly to the total community abundance, 
exhibited a positive relationship with coarse particles (F-
value = 5.6; p = 0.02) and algal biomass (F-value = 7.1; p = 0.01; 
Table  2). Decapods (F-value = 8.8; p = 0.05) and tanaids (F-
value = 7.7; p = 0.008) showed positive relationships with 
algal biomass. Amphipods (F-value = 4.3; p = 0.04), deca-
pods (F-value = 8.8; p = 0.05), and ostracods (F-value = 12.3; 
p = 0.001) showed positive relationships with coarse parti-
cles, and tanaids showed a negative relationship with depth 
(F-value = 5.94; p = 0.02). Molluscs exhibited a positive rela-
tionship with algal biomass (F-value = 11.86; p = 0.001), a pat-
tern observed for all the taxa within the group (Gastropoda, 
Bivalvia, and Polyplacophora). Bivalves, similarly to tanaids, 
showed a negative relationship with depth (F-value = 4.8; 
p = 0.03). Polychaete abundance differed across sites (F-
value = 3.11; p = 0.01) with more polychaetes in PA (3.6 ± 2.7) 
and increased with depth (F-value = 7.8; p = 0.01). For 

TABLE 1    |    Abundance of recorded taxa (mean ± standard error), fauna biomass and wet weight of EAM components (algae biomass and coarse 
particles) according to sites in rocky reefs of Arraial do Cabo, southeast Brazil.

Pedra Vermelha (PV) Praia dos Anjos (PA) Saco dos Ingleses (IG)

Crustacea 14.2 ± 5.14 23.8 ± 3.8 11.6 ± 3.84

Amphipoda 6.13 ± 3.13 14.5 ± 3.37 5.36 ± 2.35

Tanaidacea 3.9 ± 1.18 2.73 ± 0.86 1.5 ± 0.6

Isopoda 0.67 ± 0.41 3.33 ± 1.16 1.28 ± 0.83

Decapoda 2.47 ± 1.01 1.07 ± 0.42 2.14 ± 0.62

Ostracoda 0.73 ± 0.4 0.67 ± 0.32 0.0 ± 0.0

Cirripedia 0.27 ± 0.2 1.5 ± 0.84 1.36 ± 0.36

Mollusca 13.93 ± 3.41 17.07 ± 2.35 8.9 ± 2.5

Gastropoda 11.7 ± 3.1 9 ± 2.1 5.36 ± 2.03

Bivalvia 2.13 ± 0.58 8 ± 1.9 3.57 ± 0.7

Polyplacophora 0.13 ± 0.13 0.067 ± 0.067 0.0 ± 0.0

Echinodermata 0.33 ± 0.21 1.33 ± 0.5 0.57 ± 0.27

Polychaeta 1.47 ± 0.43 3.6 ± 0.7 1.43 ± 0.45

Sipuncula 0.33 ± 0.16 0.067 ± 0.067 0.86 ± 0.3

Foraminifera 1.2 ± 0.47 0.8 ± 0.26 0.43 ± 0.14

Total abundance 31.47 ± 8.28 46.7 ± 5.25 23.86 ± 5.8

Cryptofauna biomass (g/49 cm2) 0.72 ± 0.14 1.22 ± 0.2 0.52 ± 0.1

Algae biomass (g/49 cm2) 5.43 ± 0.63 5.19 ± 0.57 5.55 ± 0.88

Coarse particles (g/49 cm2) 1.73 ± 0.62 5.07 ± 0.76 4.04 ± 0.42

Note: Most abundant groups are marked in bold.
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6 of 11 Austral Ecology, 2026

the ‘Others’ group, only Sipuncula varied across sites (F-
value = 4.6; p = 0.01), with lowest values in PA (0.07 ± 0.26) 
and highest in IG (0.86 ± 1.1).

3.2   |   Habitat Drivers Relationship

Algal biomass was similar across sites (F-value = 0.2; p = 0.8), 
decreased with depth (F-value = 39.4; p < 0.01; Figure  3), and 
showed a positive relationship with trapped coarse particles (F-
value = 14.05; p = 0.0006). Coarse particles varied among sites 
(F-value = 8.03; p = 0.001) and were negatively related to depth 
(F-value = 3.25; p = 0.05; Figure 3). Higher values were observed 
at PA (5.07 g ± 2.96 g), followed by IG (4.04 g ± 1.57 g), and PV 
(1.73 g ± 2.41 g).

4   |   Discussion

This snapshot study provides an overview of the cryptofauna 
associated with the EAM in a subtropical rocky reef on the 
southeastern coast of Brazil. Our observations recorded 
thirteen taxa, with the dominance (> 50% of total commu-
nity composition) of amphipods and gastropods at all sites. 
Crustaceans and molluscs are widely recognised as dominant 
groups in invertebrate communities of reef systems, whether 
associated with corals (Enochs et al. 2011; Kramer et al. 2012), 
macroalgae (Leite et al. 2021; Christie et al. 2009; Chemello 
and Milazzo  2002; Kelaher et  al.  2007), or turfs (Ferreira 
et  al.  1998; Barros et  al.  2024). Their abundance and func-
tional roles are significant for local food webs, contributing 
to nutrient recycling (Kramer et al. 2013; Wolfe et al. 2020), 
grazing on algae and epiphytes (Duffy and Hay  2000; 

Altman-Kurosaki et al. 2018; Klumpp et al. 1988), and serv-
ing as a crucial link between producers and higher trophic 
levels (Kramer et  al.  2013; Glynn and Enochs  2010; Donadi 
et al. 2017).

Crustaceans are consistently prominent across various ecosys-
tems, including macroalgae fronds (Leite et  al.  2021; Christie 
et  al.  2009; Leite and Turra  2003), coral interstitial spaces 
(Enochs et al. 2011; Head et al. 2018), and the EAM (Ferreira 
et al. 1998; Kramer et al. 2012, 2014a) in both tropical (Enochs 
et al. 2011; Head et al. 2018; Kramer et al. 2014a) and subtropi-
cal reefs (Ferreira et al. 1998). Amphipods thrive within dense 
algal carpets due to their slender, elongated bodies, allowing 
them to navigate through algal assemblages (Tararam  1977; 
Thorson and Dahl 1949). Their versatile and opportunistic feed-
ing habits contribute to their success in utilising various food 
sources (Machado et al. 2017), thus favouring their colonisation 
capacity. Given their abundance and nutritional value, crusta-
ceans are important prey for zoobenthivorous fish, constitut-
ing a crucial trophic link between benthic and pelagic systems 
(Kramer et al. 2015; Glynn and Enochs 2010; Dubiaski-Silva and 
Masunari 2008).

Molluscs, the second most abundant group, are conspicuously 
prevalent in phyto-ecosystems and assume a multitude of roles in 
these systems. They can act as both consumers and prey in food 
webs; ecosystem engineers (Chemello and Milazzo 2002; Heck Jr 
et al. 2008; van der Linden et al. 2017); and, as shelled organisms, 
have a part in the carbonate cycle (Dong et  al.  2024). Among 
molluscs, gastropods are particularly common in these envi-
ronments, consisting of numerous small species (Chemello and 
Milazzo 2002; Kelaher et al. 2007; Queiroz and Dias 2014). The 
connections between algal habitats and associated malacofauna 

TABLE 2    |    Summary of the main relationships between the cryptofauna and environmental variables (depth, algae biomass, and coarse particles).

Source

Depth Algae biomass Coarse particles

Relationship p F Relationship p F Relationship p F

Cryptofauna 
biomass

— 0.53 0.39 — 0.25 1.33 — 0.62 0.24

Cryptofauna 
abundance

— 0.52 0.42 ↑ 0.004 9.25 ↑ 0.05* 4.18

Crustaceans — 0.32 2.9 ↑ 0.01* 7.1 ↑ 0.02* 5.6

Amphipods — 0.2 1.7 — 0.4 0.5 ↑ 0.04* 4.3

Tanaids ↓ 0.02* 5.94 ↑ 0.008* 7.7 — 0.8 0.07

Decapods — 0.15 2 ↑ 0.05* 8.8 ↑ 0.05* 5.3

Ostracods — 0.15 1.99 — 0.56 0.34 ↑ 0.001* 12.3

Molluscs — 0.8 0.05 ↑ 0.001* 11.86 — 0.17 1.9

Gastropods — 0.42 0.67 ↑ 0.02* 5.99 — 0.1 2.7

Bivalves ↓ 0.03* 4.8 ↑ 0.02* 5.9 — 0.7 0.1

Polychaetes ↑ 0.01* 7.8 — 0.4 0.6 — 0.9 0.007

‘Others’ — 0.11 2.3 — 0.3 1.16 — 0.2 1.9

Note: Relationships are categorised as: positive (↑), nonsignificant (—), or negative (↓).
*Represent significant p-values.
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have been documented in various habitats and spatial scales 
(Barbosa et  al.  2019; Hacker and Steneck  1990; Chemello and 
Milazzo 2002), where algal attributes influence the abundance, 
diversity, taxonomic composition, and functional richness 
(Barbosa et al. 2019; Chemello and Milazzo 2002). Greater algal 
biomass not only provides more spaces and niches but also offers 
food resources such as epiphytes, diatoms, and microalgal bio-
films (Ponder 1984), which are exploited by herbivorous species 
(Morton and Chan 1997; Hatfield 1979).

Crustaceans in general and some specific taxa (Amphipoda, 
Decapoda and Ostracoda) displayed a positive relationship with 
coarse particles. Coarse particles are composed of both sediment 
and detritus particles. Detritus represents a significant source of 
organic matter trapped by the EAM (Connell et al. 2014; Tebbett 
et  al.  2019), also serving as an important trophic resource for 
marine invertebrates inhabiting the phytal (Wilson et al. 2003; 
Glynn and Enochs  2010), while sediments can enhance space 

heterogeneity and niche availability (Kramer et  al.  2012). The 
positive relationship between crustaceans and coarse parti-
cles can be attributed to several factors. Opportunistic omniv-
orous and detritivorous crustaceans benefit from the presence 
of organic detritus among the coarse particles, which serve as 
their food source (Liperovskaya 1948; Williams 1981). Kramer 
et  al.  (2014b) studied the EAM-associated cryptofauna from 
the Great Barrier Reef and found positive relationships be-
tween cryptofaunal taxa (Gastropoda, Polychaeta, Ostracoda, 
Harpacticoida, Tanaidacea, and Cumacea) and particulate 
matter volume. Due to their trophic role as primary consum-
ers, an increase in nutrient input (particulate matter) was ex-
pected to increase their abundance. Those relationships would 
also be expected for any other primary consumers benefiting 
from the increase in nutrient input from trapped coarse parti-
cles in the EAM, which may explain the positive relationship of 
Amphipoda, Decapoda and Ostracoda with trapped particles in 
Arraial do Cabo.

FIGURE 3    |    Comparison of epilithic algal matrix components (algae biomass and amount of coarse particles) and cryptofauna characteristics 
(abundance and biomass) between sites (First collum), and depths (Second collum) in rocky reefs of Arraial do Cabo, southeast Brazil. Coloured 
circles = sample values; Pedra Vermelha (pink), Praia dos Anjos (green), and Saco dos Ingleses (blue). Red triangles = mean values, coloured hor-
izontal bars = median, box = 1st/3rd quartiles, and whiskers = 1.5 × interquartile range. Significant p-values are shown in bold text in the graphs, 
corresponding to LM results.
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In phytal matrices, a positive relationship between algal traits 
and the associated community is widely reported and observed 
in various regions with different levels of structural complex-
ity being generated by different species of frondose macroalgae 
(Christie et al. 2009; Veiga et al. 2014; Leite et al. 2021). There 
is a direct relationship between macroalgal structure and fau-
nal community structure (Hacker and Steneck  1990; Christie 
et  al.  2009; Thomaz and Cunha  2010; Zamzow et  al.  2010; 
Machado et  al.  2019; Gallardo et  al.  2021), with taxa tending 
to exhibit higher abundances and diversity when associated 
with higher algal biomass (Barbosa et  al.  2019; Chemello and 
Milazzo 2002; Leite et al. 2021; Box et al. 2010). Similarly, in the 
subtropical reefs studied, the algal biomass influenced commu-
nity composition and the total abundance of cryptofauna, with 
direct influence over tanaids, decapods, and molluscs.

Depth negatively influenced the abundance of cryptofauna 
of a few taxa (Tanaidacea and Bivalvia) but was positively as-
sociated with polychaetes. The positive relationship of poly-
chaetes with depth strata may be related to space availability. 
Turfs at higher depths had comparatively lower biomass. Leite 
et  al.  (2021), studying macroalgal fronds in subtropical south-
eastern Brazil, hypothesised that taxa with faster turnover 
rates, such as amphipods, would quickly occupy newly available 
niches, out-competing other taxa like polychaetes when mac-
roalgae canopy increases. They observed that Sargassum bio-
mass increased during the summer, and peracarid crustaceans 
rapidly colonised their fronds, making it challenging for other 
taxa (such as molluscs and polychaetes) to establish themselves, 
thereby maintaining or reducing the previous abundances of 
other taxa observed during the winter. Secondly, filiform algae 
have smaller interstitial volume and area when compared to 
branched or bladed algae, favouring smaller invertebrates (Ware 
et al. 2019; Becerra-Muñoz and Schramm Jr 2006). Thus, denser 
turfs in shallow strata likely restrict the establishment of larger 
organisms (e.g., polychaetes, echinoderms, sipunculids) or make 
them more vulnerable to predation. Finally, the similar cryp-
tofauna biomass observed across depths may reflect the pres-
ence of heavier taxa (echinoderms, sipunculids, polychaetes) 
at deeper strata, where turfs are smaller, balancing the overall 
biomass despite higher crustacean and mollusc abundances at 
shallow depths.

Comparing the sheltered (PA and PV) and exposed sites (Saco 
dos Ingleses), the latter exhibited lower biomass and abun-
dance of total community and lower abundance of some taxa 
(Amphipoda, Bivalvia, and Polychaeta). This outcome can be 
attributed to intense wave activity, which may negatively impact 
taxa with limited mobility or low fixation capacity, or even con-
strain the size of organisms (Enochs et al. 2011; Tararam 1977). 
The exposed region in Arraial do Cabo experiences lower tem-
peratures and greater wave surges due to upwelling events, 
cold fronts, and coastal morphology (Valentin  1984; Cordeiro 
et al. 2014). Consequently, lower organism abundance was ex-
pected in this site, with the only taxon to have an opposite trend 
being Sipuncula, which had the highest abundance values in the 
exposed site (IG). Sipunculids are typically deposit-feeders with 
some filter-feeding species (Murina 1984), all of which benefit 
from the nutrient enrichment provided by the upwelling events 
that occur in the region and impact directly the exposed region 

of Arraial do Cabo. Nevertheless, when comparing samples fil-
tered to a common depth range (~5 to 8 m) between exposed and 
sheltered sites, algal biomass was highest at Saco dos Ingleses, 
whereas the total abundance of cryptofauna and the abundance 
of the dominant taxa (amphipods and gastropods) were similar 
in both regions (see Figure  S1). This observation underscores 
that upwelling enhances turf algae biomass, but despite higher 
biomass levels, wave activity and temperature still limit cryp-
tofauna abundance despite the EAM's ability to counteract the 
detrimental effects of stress, particularly those associated with 
wave activity.

In conclusion, our study highlights that, similarly to macroalgal 
fronds, turf algae can influence the abundance and composition 
of its associated cryptofauna, although they do not explain all 
variability observed. Abiotic factors (e.g., wave activity, tempera-
ture) that vary according to site and depth can significantly impact 
both community abundance and the abundance of specific taxa. 
Crustaceans and molluscs dominate the EAM-associated crypto-
fauna in the rocky reefs of southeastern Brazil, consistently found 
in turfs (Ferreira et al. 1998; Berthelsen et al. 2015), macroalgae 
(Leite et al. 2021), and corals from both tropical and subtropical re-
gions (Berthelsen et al. 2015; Leite et al. 2021; Ferreira et al. 1998). 
These results underscore the importance of the EAM, which often 
goes unnoticed compared to corals, despite the turfs being the 
most abundant group in reefs in general (Smith et al. 2016; Tebbett 
et  al.  2023; Vroom  2011). Recent studies have shed light on the 
misconception of the term ‘coral-dominated’ and emphasised the 
need to consider the full range of benthic components that make 
up the reef seascape (Smith et al. 2016; Tebbett et al. 2023). In the 
Brazilian Province, low coral cover and dominance of EAM define 
the natural reef landscape along the coastline and oceanic islands 
(Aued et al. 2018). The EAM and its associated cryptofauna most 
likely represent the primary food resource for reef fishes and mac-
roinvertebrates. Therefore, comprehending their structure, com-
position, and dynamics is paramount. Any impacts affecting them 
will likely have trophic-level consequences, ultimately impacting 
the entire reef ecosystem and the human populations dependent 
on these habitats.
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Additional supporting information can be found online in the 
Supporting Information section. Tables S1–S2: Multivariate analy-
ses (PERMANOVA and PERMDISP) evaluating spatial and environ-
mental effects on EAM–associated cryptofauna composition. Tables 
S3 and S5: Linear model results examining relationships between 
whole-community abundance and biomass, as well as taxon-specific 
abundances and environmental factors (site, depth, algal biomass, and 
trapped coarse particles). Table  S4: Linear model results assessing 
relationships between EAM components (algal biomass and trapped 
coarse particles) and environmental factors (site and depth). Table S6: 
Lists the abundance of recorded taxa across study sites. Table  S7: 
Summarises SIMPER analyses identifying the main contributors to 
compositional similarity and dissimilarity among sites. Figures S1–S7: 
Complementary visualisations of spatial and depth-related patterns in 
algal biomass and cryptofauna abundance (Figures  S1, S4–S7), sam-
pling sufficiency and sampling effort evaluation (Figure S3), taxonomic 
composition and distribution across sites and depths (Figures  S5 and 
S7), as well as representative images of recorded taxa (Figure S2). 
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