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Abstract
Brazilian rocky shores occur across a wide range from wave-exposed headlands to sheltered embayments, and zonation 
patterns can shift even within small or enclosed areas as wave exposure, geomorphology, and local hydrodynamics modify 
intertidal stress gradients. We investigated how this fine-scale variability shapes polychaete assemblages on hard substrates 
at two rocky shore localities in eastern Rio de Janeiro, Brazil: Itaipu (22°58′S, 43°02′W), an urban site with intense recrea-
tional use, and Sacristia (22°57′S, 42°40′W), an isolated protected site. Sampling was conducted in midlittoral and upper 
infralittoral zones at two stations per site, between April and June 2024, totaling 24 samples. We recorded 1,293 individuals 
belonging to 15 families, with Syllidae, Sabellidae, and Nereididae as the most abundant. Rarefaction curves did not reach an 
asymptote, suggesting that total richness is higher than recorded. PERMANOVA showed that polychaete assemblage structure 
varied across spatial scales: assemblages differed between sites, vertical zonation was detected at Sacristia but not at Itaipu, 
and stations differed within Itaipu, with higher richness and diversity at the less accessible station. SIMPER indicated that 
these dissimilarities were largely driven by shifts in the dominant families. Canonical Correspondence Analysis indicated 
associations between families and environmental gradients, particularly salinity, dissolved oxygen, temperature, and algal 
biomass. These findings show that even neighboring rocky shores can display sharply contrasting community organization, 
highlighting the value of polychaetes for monitoring environmental change in coastal ecosystems.
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Introduction

Rocky shores are among the most studied marine ecosys-
tems worldwide, with research dating back more than two 
centuries (Wahlenberg 1812; Baker 1909; Stephenson et al. 
1937; Stephenson and Stephenson 1949). Much of the 
current knowledge on vertical zonation of coastal organ-
isms stems from classic works by Stephenson et al. (1937) 

and Stephenson and Stephenson (1949), as well as Lewis 
(1955, 1961, 1964), and Southward (1958). A central fea-
ture of these environments is the heterogeneous distribu-
tion of organisms along the tidal gradient, typically divided 
into supralittoral, midlittoral, and infralittoral zones (Knox 
2001). Despite variation in local conditions, zonation pat-
terns are often consistent, with similar taxonomic groups 
occupying equivalent levels across biogeographic regions 
(Chappuis et al. 2014). However, within the same biogeo-
graphic region, rocky shores may differ markedly in wave 
exposure and local geomorphology, leading to small-scale 
variation in hydrodynamic conditions and habitat structure. 
Such fine-scale heterogeneity can result in differences in 
community composition, even among nearby or partially 
sheltered rocky shores (Benedetti-Cecchi and Trussell 2014).

The structural complexity of rocky shores, including crev-
ices, tide pools, and shaded or exposed surfaces, provides 
diverse microhabitats that support high species richness 
(Underwood 2000). These ecosystems also deliver crucial 
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ecological functions and ecosystem services, acting as natu-
ral barriers against erosion and storms, enhancing nutrient 
cycling, and sustaining fisheries and other resources (Little 
and Kitching 1996; Satyam and Thiruchitrambalam 2018). 
Moreover, rocky shores act as natural laboratories for study-
ing environmental change. Long-term time series in these 
habitats are essential for detecting trends associated with 
climate change and for guiding adaptation strategies (Hawk-
ins et al. 2008), as demonstrated by monitoring studies in 
southeastern Brazil (Puga et al. 2019; Simões et al. 2024).

Annelid polychaetes are among the dominant components 
of rocky-shore assemblages and represent one of the most 
diverse groups of benthic invertebrates. With approximately 
12,000 described species and about 80 families (Rouse et al. 
2022; Jumars et al. 2015; Read and Fauchald 2026), they 
exhibit remarkable morphological, functional, and eco-
logical diversity. This diversity is reflected in the contrast 
between Errantia and Sedentaria, two major clades that dif-
fer markedly in mobility, feeding strategies, and habitat use 
(Rouse et al. 2022). Polychaete life strategies include free-
living, tube-dwelling, and burrowing forms, and feeding 
modes encompass predation, suspension feeding, herbivory, 
and detritivory. Ecologically, polychaetes play fundamental 
roles in benthic systems, including bioturbation, nutrient 
recycling, and sediment stabilization in soft-bottom habitats, 
as well as tube construction and aggregation on hard-bottom 
substrates, which increase habitat complexity and provide 
secondary habitats for other taxa (Amaral 1979; Zühlke 
2001; Díaz-Castañeda and Reish 2009; Rouse et al. 2022). 
In addition, they are important prey for fish and invertebrates 
of economic relevance, reinforcing their role in trophic net-
works (Serrano et al. 2003; Liedke et al. 2016). Owing to 
their abundance and diversity, polychaetes are widely recog-
nized as key components of benthic communities, contribut-
ing significantly to their structure and functioning (Fauchald 
and Jumars 1979; Hutchings 1998; Jumars et al. 2015; Rouse 
et al. 2022). They also play an important role as bioindica-
tors of environmental quality. Shifts in the composition of 
their assemblages, such as the loss of sensitive taxa and the 
increase of opportunistic species under degraded conditions, 
have long been used to assess human impacts in coastal envi-
ronments (Giangrande et al. 2005; Dean 2008; Maximov and 
Berezina 2023).

In Brazil, rocky shores extend along much of the coast-
line, but these habitats are among the most impacted by 
human activities, particularly in metropolitan areas (Cord-
eiro et al. 2024). Pressures such as urban development, sew-
age and nutrient input, coastal engineering, tourism, and 
artisanal fisheries exert strong influences on rocky-shore 
communities. Consequently, conservation and monitoring 
of these ecosystems are considered essential (Coutinho 
et al. 2016; Cordeiro et al. 2024). Despite their importance, 
knowledge of the fauna associated with Brazilian rocky 

shores remains fragmented. Most studies addressing poly-
chaete assemblages in Brazil have focused on soft-bottom 
habitats such as sandy beaches, estuaries, or muddy bot-
toms, whereas assemblages on hard-bottom substrates, such 
as rocky shores, remain comparatively less explored (Amaral 
and Jablonski 2005; Amaral et al. 2022).

Historical works reported polychaetes along the Rio de 
Janeiro coast (Rullier and Amoureux 1979; Nonato 1981; 
Bolívar 1990; Almeida and Ruta 2000; Amaral and Rossi-
Wongtschowski 2004), yet detailed assessments of poly-
chaete assemblages in rocky shores remain rare. This gap 
is critical considering that global estimates suggest more 
than 10,000 annelid species remain undescribed, nearly 
half of them polychaetes (Pamungkas et al. 2019; Capa and 
Hutchings 2021). Such figures highlight the magnitude of 
our knowledge deficit and the need for regional studies that 
document local assemblages and assess ecological patterns.

Rocky shores along the coast of Rio de Janeiro occur 
across a broad gradient of wave exposure and shelter, shaped 
by local geomorphology and hydrodynamic conditions. 
Within this context, urban beaches such as Itaipu experi-
ence high levels of recreational activity, receive inflows 
from nearby lagoons, and are subject to coastal develop-
ment. In contrast, areas such as Sacristia are less accessible 
and legally protected, representing comparatively sheltered 
environments with less human impact. Despite their geo-
graphic proximity, these contrasting physical and anthropo-
genic settings can result in differences in zonation patterns 
and community structure, even at small spatial scales.

This study represents the first assessment of polychaete 
assemblages on rocky shores of eastern Rio de Janeiro. We 
aimed to describe and compare the diversity and structure 
of these assemblages across sampling sites and tidal zones, 
and to evaluate associations with environmental variables.

Methodology

Study area

This study was conducted at two coastal localities in Rio 
de Janeiro State, southeastern Brazil: Itaipu Beach, in the 
municipality of Niterói, and Sacristia Beach, in the munici-
pality of Maricá (Fig. 1).

Itaipu Beach (22°58′S, 43°02′W) forms a semi-circular 
embayment partly sheltered by the Pai, Mãe, and Menina 
islands (Fig. 1C; Fig. 2A). Its coastal waters result from 
the mixing of oceanic inputs, Guanabara Bay, and the 
Itaipu–Piratininga lagoon system, with a permanent connec-
tion to Itaipu Lagoon through an artificial channel (Tubino 
2007; Eccard et al. 2017). The beach has a reflective profile 
with depths of 3–28 m and sediments dominated by medium 
sand, with finer deposits near the lagoon channel (Salvador 
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and Silva 2002; Monteiro-Neto et al. 2008). The tide is 
mixed semidiurnal (< 1.5 m), and wave action is the domi-
nant driver of coastal dynamics: waves from the south and 
southeast are refracted by the islands, whereas storm waves 
from the southwest can reach 3 m and cause marked erosion 
(Santos et al. 2004). Since the  1970 s, the surrounding area 
has undergone intense urbanization and tourism develop-
ment (Silva et al. 2009, 2021). Today, Itaipu is among the 
most visited beaches in Niterói, supporting bathing, tourism, 
and artisanal fisheries. A traditional fishing community has 
occupied the site since at least 1921, when the Colônia de 

Pesca Z-7 was formally recognized; artisanal fishing was 
later declared Intangible Cultural Heritage of Niterói (Costa 
2011). The coastal area and adjacent waters are part of the 
Itaipu Marine Extractive Reserve (RESEX), created in 2013 
to protect fisheries and biodiversity, contiguous with Serra 
da Tiririca State Park (Prefeitura de Niterói 2013).

Sacristia Beach (22°57′S, 42°40′W) is a narrow embay-
ment, ~ 45 m wide shoreline bordered by the rocky outcrops 
of Ponta Negra (Fig. 1D; Fig. 2B). It is composed mainly 
of sandy sediments interspersed with rocky substrate (Lins-
de-Barros et al. 2018). Regional hydrodynamics are shaped 

Fig. 1   Location of the study sites on the coast of Rio de Janeiro 
State, southeastern Brazil. (A) Map of Brazil with the state of Rio de 
Janeiro highlighted. (B) Eastern coast of Rio de Janeiro State show-

ing Niterói and Maricá municipalities, with Itaipu (left) and Sacristia 
(right) sites indicated. (C) Sampling stations (1 and 2) at Itaipu. (D) 
Sampling stations (1 and 2) at Sacristia

Fig. 2   Study sites on the 
coast of Rio de Janeiro State, 
southeastern Brazil. (A) Itaipu, 
municipality of Niterói. (B) 
Sacristia, municipality of 
Maricá



	 Marine Biodiversity           (2026) 56:29    29   Page 4 of 14

by northeast trade winds and storm waves from the south 
and southeast, which can drive severe coastal erosion (Silva 
et al. 2012). Geologically, the site belongs to the Cabo Frio 
Tectonic Domain, comprising Proterozoic orthogneiss 
and amphibolite outcrops that record the amalgamation of 
Gondwana (Mansur 2010; Schmitt 2016). Sacristia remains 
largely isolated, with no urban infrastructure or conces-
sions, limited accessibility, and only occasional visitors. 
It is recognised as a geosite of scientific and educational 
value within the “Geoparque Costões e Lagunas do Rio de 
Janeiro” and has been legally protected as part of the Maricá 
Wildlife Refuge since 2011 (Geoparque Costões e Lagunas 
2025). This conservation status, together with its geological 
and scenic features, underscores Sacristia as a low-impact 
site in sharp contrast with the urbanized and heavily used 
shorelines of Niterói.

Data collection

Field sampling was conducted between April and June 2024. 
At each site, two stations were established, each including 
the midlittoral and upper infralittoral zones. The midlittoral 
was defined as the zone regularly exposed and submerged 
by tides, whereas the upper infralittoral corresponded to the 
permanently submerged zone immediately below the lowest 
tide level (Little and Kitching 1996).

At each station, a 5 m horizontal transect was laid on 
the rocky substrate. Along each transect, six 10 × 10 cm 
quadrats were randomly positioned, with three placed in the 
midlittoral and three in the upper infralittoral; their positions 
were randomized to ensure sampling randomness, totaling 
six quadrats per station. The substrate within each quadrat 
was scraped, yielding a total of 24 quantitative samples. All 
material was fixed and preserved in 95% ethanol. In the labo-
ratory, polychaetes were sorted under a stereomicroscope 
and identified using specialized literature and taxonomic 
keys, with consultation of specialists when necessary.

Environmental variables (temperature, salinity, pH, and 
dissolved oxygen) were measured in situ with a multiparam-
eter probe (Akso AK88). Algal biomass was determined as 
dry weight after oven-drying samples at 60 °C until constant 
weight was reached (approximately 24 h).

Data analysis

Some specimens were identified only to family or genus 
level when juvenile or incomplete and lacking diagnostic 
characters, following a conservative identification approach. 
The structure of polychaete assemblages was analyzed by 
univariate and multivariate analyses performed in R v4.4.3 
using the vegan package (Oksanen et al. 2022). Prior to 
multivariate procedures, abundance data were log(x + 1) 
transformed and Bray–Curtis dissimilarities were calculated.

Sampling sufficiency was evaluated using sample-based 
species-accumulation curves based on random permutations 
(1,000 runs), computed separately for localities and zones. 
To further interpret the non-asymptotic behavior of accu-
mulation curves, beta diversity was partitioned into turnover 
and nestedness components at the same spatial scales con-
sidered in the rarefaction analyses (between sites; between 
zones within each site; and between stations within each 
site). Beta diversity was computed from presence–absence 
data using Sørensen dissimilarity (βSOR) and decomposed 
into turnover (βSIM) and nestedness-resultant components 
(βSNE).

Diversity metrics included total abundance (N), species 
richness (S), Shannon–Wiener diversity (H′, based on the 
natural logarithm, base e), Simpson diversity (1 – D), and 
Pielou’s evenness (J′ = H′/ln S). These metrics were calcu-
lated at the sample level and used for descriptive characteri-
zation across sites, stations, and tidal levels.

Non-metric multidimensional scaling (NMDS) was 
used to visualize similarity patterns among sites (Itaipu 
and Sacristia), stations (within each site) and shore zones 
(mesolittoral and upper infralittoral). Homogeneity of mul-
tivariate dispersions was tested with PERMDISP. To com-
plement the NMDS ordinations, similarity among groups 
was also assessed using agglomerative hierarchical cluster 
analysis (UPGMA; average linkage) based on Bray–Curtis 
dissimilarities of log(x + 1)-transformed abundance data. 
Group centroids were calculated by averaging abundances 
across replicate quadrats within each Site × Station × Zone 
combination.

Differences in the structure of polychaete assemblages 
were evaluated using PERMANOVA (9,999 permuta-
tions), each addressing a specific ecological question: (i) 
differences between sites (Itaipu vs Sacristia); (ii) differ-
ences between shore zones within each site (mesolittoral 
vs infralittoral, tested separately for Itaipu and Sacristia); 
and (iii) differences between sampling stations within each 
site (Station 1 vs Station 2 in Itaipu; Station 1 vs Station2 
in Sacristia). Functional composition was explored using a 
clade-level functional perspective by classifying all taxa into 
three categories: Errantia, Sedentaria, or incertae sedis. For 
each Site × Station × Zone combination, abundances were 
pooled across replicate quadrats and converted to relative 
abundance (%) for each category. SIMPER was performed 
to identify the taxa contributing most to between-group dis-
similarities in significant contrasts, as well as to summarize 
contributions within each group.

Associations between community composition and envi-
ronmental variables were analyzed using canonical corre-
spondence analysis (CCA), including temperature, salinity, 
pH, dissolved oxygen, and algal biomass. Significance of the 
overall model and of individual variables was assessed by 
permutation tests (9,999 permutations).
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Sampling sufficiency was evaluated using sample-based 
species-accumulation curves based on random permutations 
(1,000 runs), computed separately for sites and zones. All 
analyses adopted a significance level of α = 0.05. Figures 
were produced with ggplot2 v3.5.1 (Wickham 2016) and 
finalized in Adobe Illustrator ©.

Results

Sampling effort and compositional heterogeneity

Species-accumulation curves (Fig. 3) increased steeply at 
low sampling effort and did not reach an asymptote within 
the sampling window (12 quadrats). At the site scale, Itaipu 
accumulated more species than Sacristia, with 41 and 31 
species, respectively, at maximum effort. Within sites, the 
upper infralittoral curve exceeded the midlittoral in Itaipu, 
whereas an opposite pattern was observed in Sacristia, 
where the midlittoral surpassed the upper infralittoral across 
the shared effort (up to 6 quadrats).

To better understand whether the non-asymptotic rar-
efaction curves were associated with spatial compositional 
heterogeneity, beta diversity was partitioned into turnover 
and nestedness components at the same spatial scales con-
sidered in the rarefaction analyses (Table S1). Beta diver-
sity was high between sites (βSOR = 0.7169) and remained 
high within sites (βSOR = 0.6266), with turnover account-
ing for most dissimilarity (prop_turnover = 0.78 and 0.70, 
respectively). At finer spatial scales, beta diversity also 
remained high. In Itaipu, dissimilarity between stations 

(βSOR = 0.6723) slightly exceeded within-station het-
erogeneity (βSOR = 0.5939), and turnover accounted for a 
larger fraction of dissimilarity than nestedness (prop_turno-
ver = 0.54; prop_nestedness = 0.46). Between-zone dissimi-
larity in Itaipu was also high (βSOR = 0.6514) and driven 
mostly by turnover (prop_turnover = 0.70; prop_nested-
ness = 0.30), while within-zone heterogeneity showed a sim-
ilar pattern (prop_turnover = 0.56; prop_nestedness = 0.44). 
In Sacristia, station- and zone-level contrasts were similarly 
high (stations: βSOR between = 0.6175; within = 0.6154; 
zones: βSOR between = 0.6402; within = 0.5882), with turn-
over accounting for most of the dissimilarity (prop_turnover 
≈ 0.72–0.79).

Diversity metrics

A total of 1,293 polychaete specimens were identified, 
including 15 families (Table S2). The highest abundance 
was recorded for Syllidae (n = 560), followed by Sabelli-
dae (n = 233) and Nereididae (n = 147). Considering rela-
tive abundances, Syllidae reached its maximum at Sacristia 
(Station 2, midlittoral), where it accounted for 87.3% of indi-
viduals. At Itaipu (Station 2), Nereididae was more abundant 
in the midlittoral (48.33%), whereas Sabellidae predomi-
nated in the upper infralittoral (42.75%) (Table S3). The 
lowest abundances were observed for Sabellariidae (n = 2), 
Lumbrineridae (n = 1), and Dorvilleidae (n = 1).

Abundance and richness were higher at Station 2 
(Fig. 4A–B) in both sites. In Itaipu, abundance increased 
from the midlittoral to the upper infralittoral at both stations, 
whereas at Sacristia it was higher in the midlittoral. Richness 

Fig. 3   Species–accumulation 
curves (sample-based rarefac-
tion; 1,000 random permuta-
tions) by site and zone. Lines 
show the mean expected 
cumulative richness as quadrats 
are added
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mirrored these site-specific contrasts, except at Itaipu Station 
2, where the midlittoral showed smaller richness values than 
the upper infralittoral.

Shannon (H′) and Simpson (1–D) displayed similar pat-
terns at Itaipu (Fig. 4C–D), with higher values in the midlit-
toral at both stations. At Sacristia, Shannon (H′) values were 

Fig. 4   Boxplots of abundance (N), species richness (S), and diversity 
indices—Shannon (H′), Simpson (1–D), and Pielou evenness (J′)—
across stations and shore zones at the study sites of Itaipu (blue) and 
Sacristia (orange). Each boxplot summarizes three replicate samples 

per shore zone (midlittoral or upper infralittoral) within each station. 
Abbreviations: S1M = Station 1 Midlittoral; S1I = Station 1 Upper 
Infralittoral; S2M = Station 2 Midlittoral; S2I = Station 2 Upper 
Infralittoral
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equal to or lower in the upper infralittoral than in the midlit-
toral at both stations, whereas Simpson (1–D) values in the 
upper infralittoral were equal to or slightly higher than those 
in the midlittoral.

Considering sites and stations, Pielou evenness (J′) gener-
ally followed the same trend: higher in the midlittoral than in 
the upper infralittoral (Fig. 4E). The exception was Sacristia 
Station 2, where J′ was higher in the upper infralittoral than 
in the midlittoral, suggesting a more homogeneous distribu-
tion of abundances among species.

Across diversity metrics, patterns at Itaipu were influ-
enced by high among-replicate variability in the upper 
infralittoral, particularly at Station 2. Given the limited rep-
lication per zone, this variability may have generated over-
lap between midlittoral and infralittoral values, reducing the 
power to detect zone-level differences. These factors help 
explain the lack of statistically significant contrasts between 
zones despite the station-level trends.

Patterns of community structure

A non-metric multidimensional scaling (NMDS) (Bray–Cur-
tis dissimilarity on log[x + 1]–transformed abundances; 
stress = 0.163) suggested some differentiation between sites, 
with Sacristia and Itaipu occupying different regions of the 
ordination space (Fig. 5). Within Sacristia, the midlittoral 
and upper infralittoral tended to form separate clusters in the 
plot, whereas the two zones overlapped at Itaipu. At Itaipu, 
Station 1 and Station 2 were displaced from each other in 
the ordination, while at Sacristia the stations overlapped.

A hierarchical clustering analysis (UPGMA, Bray–Cur-
tis on log[x + 1]–transformed abundances) showed a pat-
tern broadly consistent with the NMDS ordination (Fig. 6). 
Samples from the same site tended to group together, with 
Sacristia forming more cohesive clusters than Itaipu. The 
dendrogram also supported the zonation pattern observed at 
Sacristia, where midlittoral and upper infralittoral samples 

Fig. 5   Non-metric multidimensional scaling (NMDS) ordination of polychaete assemblages based on Bray–Curtis dissimilarities of log[x + 1] 
abundances (2D stress = 0.163)
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tended to form distinct branches, whereas samples from the 
two zones at Itaipu were more interspersed. At the station 
level, Itaipu showed a separation between Station 1 and 
Station 2, while Sacristia again exhibited greater similar-
ity between stations. Overall, the clustering analysis aligns 
with the NMDS results by reinforcing the contrast between 
the more structured assemblages at Sacristia and the higher 
within-site variability observed at Itaipu.

The PERMANOVA (Bray–Curtis on log[x + 1]–trans-
formed abundances per family; 9,999 permutations) (Table 1) 
corroborated the ordination: communities differed between 
sites (pseudo-F = 3.252, p < 0.001). Within sites, zonation 
was non-significant at Itaipu (pseudo-F = 1.568, p = 0.091) 
but significant at Sacristia (pseudo-F = 2.243, p = 0.0289). 
Station differed within Itaipu (pseudo-F = 2.814, p = 0.0022) 
but not within Sacristia (pseudo-F = 1.168, p = 0.312). SIM-
PER (Bray–Curtis on log[x + 1]–transformed abundances 
per family) indicated high between-group dissimilarities: 
79.26% (sites), 76.59% (stations in Itaipu), 75.36% (zones in 
Sacristia), 72.94% (zones in Itaipu), and 72.70% (stations in 

Sacristia), with the main contributing taxa detailed in Tables 
S3, S4 and S5. PERMDISP showed no dispersion differ-
ences for sites or zones (all p > 0.19).

When polychaete taxa were grouped into functional 
groups (Errantia vs Sedentaria), contrasting patterns were 
observed among sites, stations, and tidal levels (Fig. 7). At 
Itaipu, Sedentaria dominated the assemblages at Station 1 
in both the midlittoral and infralittoral, as well as in the 
infralittoral at Station 2, whereas Errantia were relatively 
more abundant in the midlittoral at Station 2. In contrast, 
at Sacristia, Errantia dominated the assemblages at all sta-
tions, accounting for at least half of the total abundance in 
each case. Taxa classified as incertae sedis were restricted 
to a single station per site, where they constituted a small 
proportion of the community.

Environmental variables

The first two axes in the CCA explained 78.8% of the 
community-environment relationship (CCA1 = 46.1%; 
CCA2 = 32.7%) (Fig. 8). The first axis (CCA1) was defined 
by the nearly collinear vectors of salinity and algal biomass. 
Eunicidae (Errantia) and Cirratulidae (Sedentaria) were 
associated with higher values of these variables, suggest-
ing that increased algal biomass and salinity are associated 
with shifts in both mobile and sedentary lineages. The sec-
ond axis (CCA2) reflected the opposition between dissolved 
oxygen and temperature, with vectors oriented in opposite 
directions. Along this gradient, Lumbrineridae (Errantia) 
and the Sedentaria families Orbiniidae and Serpulidae were 
associated with higher dissolved oxygen, whereas Capitel-
lidae and Terebellidae (Sedentaria), together with Dorvil-
leidae (Errantia), were related to higher temperature values. 

Fig. 6   Hierarchical cluster 
analysis (UPGMA; average 
linkage) of polychaete assem-
blages based on Bray–Curtis 
dissimilarities of log[x + 1] 
abundances, summarizing 
Site × Station × Shore zone 
group centroids. Abbreviations: 
S1M = Station 1 Midlittoral; 
S1I = Station 1 Infralittoral; 
S2M = Station 2 Midlittoral; 
S2I = Station 2 Infralittoral

Table 1   PERMANOVA results for polychaete assemblage struc-
ture at different spatial scales, based on Bray–Curtis dissimilarities 
of log[x + 1] transformed abundances per family. The table shows 
Pseudo-F, unique permutations, p(perm), and average dissimilarities 
from SIMPER. Significant results (p < 0.05) are in bold

Factors Pseudo-F Unique 
perms

p(perm) SIMPER 
(Bray %)

Itaipu x Sacristia 3.252 9999  < 0.001 79.26
Zone — Itaipu 1.568 9999 0.0910 72.94
Zone — Sacristia 2.243 9999 0.0289 75.36
Stations — Itaipu 2.814 9999 0.0022 76.59
Stations — Sacristia 1.168 9999 0.3118 72.70
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The pH vector was very short, indicating a low contribution 
of this variable to the ordination. Environmental variables 
measured at each site and station are presented in Table S7.

Discussion

This study investigated whether rocky-shore polychaete 
assemblages differ between two sites with contrasting geo-
morphological and hydrodynamic characteristics and human 
use, and whether assemblage structure varies across tidal 
levels and among nearby stations. Assemblages differed 
between Itaipu and Sacristia, vertical zonation (midlittoral 
vs upper infralittoral) was detected at Sacristia but not at 
Itaipu, and station-level differences were detected at Itaipu 
but not at Sacristia. In addition, the assemblages were domi-
nated by Syllidae, Sabellidae, and Nereididae, and the CCA 
indicated consistent associations between families and envi-
ronmental gradients, particularly salinity, algal biomass, dis-
solved oxygen, and temperature.

Although several studies have described polychaete 
assemblages along the coast of Rio de Janeiro, most have 

focused on soft-bottom substrates, such as those by Attolini 
(1997), Almeida and Ruta (2000), Santi and Tavares 
(2009), and Oliveira (2013). In contrast, investigations 
on hard-bottom substrates remain scarce. Coutinho et al. 
(2016), in a synthesis of 327 studies on rocky shores in 
Brazil, emphasized that most research efforts have been 
concentrated in Rio de Janeiro and São Paulo, with additional 
emphasis in Bahia due to Abrolhos. However, this synthesis 
provides a broad overview of benthic assemblages and 
research themes, without addressing Polychaeta specifically; 
and, when mentioned, usually at higher taxonomic levels. 
One of the few exceptions in the state is Álvarez (2019), 
who carried out a faunal survey of polychaetes on rocky 
shores in Sepetiba Bay, focusing on species inventories, new 
records, and distribution. Unlike that taxonomic approach, 
the present study focuses on community-level diversity and 
structure within polyhaete assemblages across multiple 
spatial scales (sites, stations, and tidal levels), providing a 
baseline for rocky shores in eastern Rio de Janeiro State.

Polychaete assemblages differed between Itaipu and 
Sacristia, as evidenced by the NMDS and PERMANOVA 
results. This pattern is consistent with studies showing that 

Fig. 7   Relative abundance (%) of functional clades across Site × Station × Shore zone combinations. Abbreviations: S1M = Station 1 Midlittoral; 
S1I = Station 1 Infralittoral; S2M = Station 2 Midlittoral; S2I = Station 2 Infralittoral
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anthropogenic pressures such as urbanization, tourism, and 
coastal pollution promote shifts in the structure of rocky-
shore communities (Coutinho et al. 2016). Deepananda and 
Macusi (2012) demonstrated that areas subject to greater 
recreational use exhibited lower diversity, with unstable 
communities dominated by opportunistic species, whereas 
communities within protected areas maintained more balanced 
compositions. At Itaipu, although there are no signs of severe 
degradation, intense recreational use during summer and 
inputs from the adjacent lagoon may contribute to greater 
variation in polychaete assemblages composition. In contrast, 
Sacristia is an isolated and scarcely accessible beach, with no 
infrastructure or significant recreational use, functioning as 
a reference site of a natural environment with lower human 
impact.

Differences between rocky-shore zones also varied 
between the two sites. At Sacristia, the midlittoral and upper 
infralittoral showed distinct compositions, whereas at Itaipu 
there was no clear separation between zones. Vertical zona-
tion has long been recognized as a remarkable pattern in 
rocky shores, associated with tidal variation gradients and 
characterized by a progressive increase in diversity from the 
supralittoral to the infralittoral (Lewis 1964; Stephenson and 
Stephenson 1972; Chappuis et al. 2014). The absence of a 
clear zonation pattern at Itaipu suggests a less pronounced 
differentiation between zones in polychaete assemblages, 
which may be influenced by local human use, although 

this relationship was not directly tested here. In addition, 
site-specific physical conditions (e.g., shoreline configura-
tion and exposure) may modulate the strength of zonation 
by altering microhabitat availability and the sharpness of 
stress gradients across tidal levels. Similar effects have been 
reported on rocky shores in southeastern Brazil, where tram-
pling and tourism activities altered intertidal community 
structure (Ferreira and Rosso 2009), and more broadly in 
other impacted coastal contexts, where species replacement 
led to increased similarity among communities (Claudet and 
Fraschetti 2010; Méndez et al. 2017).

At Sacristia, no significant differences were observed 
between sampling stations, indicating greater similarity 
between them. In contrast, the sampling stations at Itaipu 
differed significantly. This contrast may be related to differ-
ent levels of human use and disturbance: Station 1 is located 
in an easily accessible area, subject to intense bathing activ-
ity, whereas Station 2 corresponds to a less accessible site 
with fewer visitors. This difference was reflected in higher 
values of abundance, richness, and diversity at Station 2 
compared to Station 1. These results suggest that, even at 
the scale of a few meters, the intensity of human use can 
influence the structure of polychaete assemblages, corrobo-
rating observations from other rocky shores where tourism 
and trampling altered organism cover and local diversity 
(Silva and Ghilardi-Lopes 2012; Veiga et al. 2023).

Fig. 8   Canonical correspondence analysis (CCA) of poly-
chaete families in relation to environmental variables. The first 
two axes explained 78.8% of the total variation (CCA1 = 46.1%; 

CCA2 = 32.7%). Vectors represent environmental variables: 
Temp = temperature, O₂ = dissolved oxygen, Sal = salinity, 
pH = hydrogen potential, Algae = algal biomass
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The families Syllidae, Sabellidae, and Nereididae were 
the most abundant in the present study. This pattern is con-
sistent with previous observations on rocky shores, where 
these families have also been reported as dominant, both in 
tropical regions (Nogueira et al. 2006; Álvarez 2019) and 
in temperate regions (Giangrande et al. 2004; Serrano et al. 
2006). The high abundance of these families may be associ-
ated with ecological strategies that favor success in dynamic 
coastal environments, such as high dispersal and coloniza-
tion capacity and trophic plasticity, as well as traits that can 
reduce physical stress (e.g. tube building in some groups). 
Their dominance therefore reflects both intrinsic character-
istics of the taxa and their adaptability to variable environ-
mental conditions typical of rocky shores. These families 
also contributed substantially to the dissimilarities observed 
among groups, as indicated by the SIMPER results.

CCA revealed consistent associations between polychaete 
families and environmental variables: Eunicidae and Cir-
ratulidae were related to salinity and algal biomass, Orbi-
niidae, Serpulidae, and Lumbrineridae occurred in sampling 
stations with higher dissolved oxygen, while Capitellidae 
and Dorvilleidae were associated with higher temperatures. 
These gradients may reflect, at least in part, differences 
in local geomorphological and hydrodynamic conditions 
between sites. For example, Itaipu’s embayed setting and 
lagoon–ocean mixing may increase variability in nearshore 
conditions, whereas the more exposed setting at Sacristia 
may favor stronger water exchange and oxygenation. From 
a functional overview based on major groups, Errantia and 
Sedentaria track the same environmental gradients but with 
distinct family-level alignments. In addition, the short pH 
vector suggests a comparatively low contribution of this 
variable to the ordination.

These patterns reinforce that different families respond 
predictably to environmental gradients, supporting their 
potential value as bioindicators (Dean 2008). In soft-bot-
tom substrates, several taxa within Capitellidae are widely 
recognized as classic indicators of organic enrichment and 
impacted environments (Tsutsumi et al. 1990; Fernández-
Rodríguez et al. 2019; Méndez 2022). For rocky shores, the 
use of polychaetes as indicators is less standardized, but 
recent studies have reported certain families associated with 
environmental conditions, such as Capitellidae (Capitella 
capitata (Fabricius, 1780)) in polluted sites and Sabellarii-
dae (Sabellaria alveolata (Linnaeus, 1767)) in less disturbed 
habitats (El-Azzouzi et al. 2025). Additionally, Syllidae 
have been described as sensitive to disturbance, typically 
decreasing or disappearing under negative environmental 
impacts (Giangrande et al. 2005), a pattern that aligns with 
their higher abundances observed at Sacristia in the present 
study. Thus, the observed assemblages structure reflects 
not only local environmental conditions but also different 
degrees of ecological tolerance among families, highlighting 

the usefulness of polychaetes in environmental monitoring 
programs.

Despite the clear patterns observed in the present study, 
rarefaction curves did not reach an asymptote at any site or 
zone, indicating that the sampling effort was insufficient to 
capture the full diversity of polychaetes on the rocky shores. 
This suggests that the actual richness of the assemblages is 
greater than recorded, in agreement with studies showing 
that undersampling is a recurring issue in benthic commu-
nities and emphasizing the need to expand sampling effort 
to detect rare species (Montes et al. 2021; Ma et al. 2022). 
Our beta-diversity partitioning indicates that compositional 
heterogeneity across sampling units is driven primarily by 
species replacement (turnover) rather than by nestedness, 
which is expected to increase complementarity among sam-
ples and delay the approach to an asymptote in rarefaction 
and accumulation curves (Baselga 2010, 2012; Colwell and 
Coddington 1994; Gotelli and Colwell 2001; Chao et al. 
2014). Continuous monitoring with greater sampling inten-
sity is therefore essential for a more comprehensive assess-
ment of local diversity.

In addition to the sampling limitations, part of the material 
analyzed was identified only to family or genus level, which 
may have led to an underestimation of recorded richness. Sev-
eral studies have shown that family-level data may be sufficient 
to detect major ecological gradients and community responses 
(Carreira-Flores et al. 2024; Hadiyanto 2017), supporting its 
use in monitoring programs when resources are limited. How-
ever, other investigations highlight that relying solely on coarser 
taxonomic levels can mask subtle but ecologically meaningful 
differences, particularly in diverse families such as Syllidae, 
where species may respond in opposite ways to disturbance 
(Musco et al. 2009, 2011). This limitation is recurrent in stud-
ies on polychaetes, as many species are small, cryptic, and mor-
phologically challenging to identify, in addition to significant 
knowledge gaps that persist in the taxonomy of the group in 
Brazil (Amaral et al. 2013; Nascimento et al. 2024). Therefore, 
while our results provide valuable insights into spatial patterns 
of polychaete assemblages on rocky shores, actual diversity is 
likely greater than observed, reinforcing the need for continued 
taxonomic work and species-level descriptions to strengthen 
ecological and conservation assessments.

Conclusion

This study provides a detailed assessment of polychaete 
assemblages on rocky shores of eastern Rio de Janeiro, 
revealing spatial patterns across sites, stations and tidal zones. 
Differences in polychaete assemblages between Itaipu and 
Sacristia were consistent with contrasting levels of human 
use and accessibility, while also occurring under distinct 
geomorphological and hydrodynamic contexts, while vertical 
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zonation between the midlittoral and upper infralittoral was 
detected only at Sacristia. Dominance of families such as 
Syllidae, Sabellidae, and Nereididae, together with a functional 
overview based on major clades (Errantia vs Sedentaria) 
and consistent associations between taxa and environmental 
gradients, highlights the ecological strategies and bioindicator 
potential of polychaetes in these habitats. Nonetheless, 
rarefaction curves and taxonomic limitations, together with 
turnover-driven beta diversity, indicate that actual diversity is 
likely higher than recorded, emphasizing the need for increased 
sampling effort and further taxonomic research. By comparing 
midlittoral and infralittoral zones in sites subject to different 
human pressures, this work adds a more detailed perspective 
to the study of rocky-shore polychaete communities in Rio 
de Janeiro, contributing a baseline for future monitoring and 
reinforcing the importance of polychaetes as indicators of 
environmental quality.
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