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Abstract: The objective of this study was to provide information about the structure and composition of the 
Capitellidae family in Balneário Camboriú, as well as evaluate its space-time variations. Four sampling 
campaigns were carried out at 16 stations, distributed in the Camboriú River and Balneário Camboriú Bay. A 
total of 1,769 ind.m² were collected and identified into five taxa: Capitella sp.; Capitella cf. nonatoi; 
Heteromastus sp., Heteromastus similis and Mediomastus cf. californiensis. The most abundant taxon was 
M. californiensis, showing the highest number of individuals during autumn, followed by Capitella cf. nonatoi 
in the summer. The distribution of M. californiensis was more related to the opportunistic habit of the species 
than to seasonality, while Capitella cf. nonatoi distribution was related to the high concentration of organic 
matter from the Camboriú River, which may be the result of residents and tourists visiting the city in the 
summer. These results denote the Capitellidae family bioindicator potential for anthropogenic disturbances. 
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Resumo: O objetivo deste estudo foi fornecer informações sobre a estrutura e composição da família 
Capitellidae em Balneário Camboriú, bem como avaliar suas variações espaço-temporais. Quatro 
campanhas de amostragem foram realizadas em 16 estações, distribuídas no Rio Camboriú e na Baía de 
Balneário Camboriú. Um total de 1.769 ind.m² foram coletados e identificados em cinco taxa: Capitella sp.; 
Capitella cf. nonatoi; Heteromastus sp., Heteromastus similis e Mediomastus cf. californiensis. O táxon mais 
abundante foi M. californiensis, apresentando o maior número de indivíduos durante o outono, seguido por 
Capitella cf. nonatoi no verão. A distribuição de M. californiensis esteve mais relacionada ao hábito 
oportunista da espécie do que à sazonalidade, enquanto Capitella cf. nonatoi foi relacionada à alta 
concentração de matéria orgânica do rio Camboriú, que pode ser resultado de moradores e turistas que 
visitam a cidade no verão. Esses resultados denotam o potencial bioindicador da família Capitellidae para 
distúrbios antrópicos. 
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1 INTRODUCTION  
 

The phylum Annelida, that traditionally was classified into Clitellata and Polychaeta,  
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constitute an often dominant group within benthic communities (Struck et al., 2011). This 

classification has undergone major changes due to recent molecular analyses, which 

evidence that other groups, such as Sipuncula, Myzostomida, Vestimentifera, 

Pogonophora, and Echiura, hitherto considered distinct phylum, present annelids affinities 

(Rouse; Fauchald, 1997). The current range of accepted nominal species of annelids 

according to Capa & Hutchings (2021) review is around 20,000, despite the WoRMS 

database (2023) citing 25,720 valid species. The discrepancy in the total number is mainly 

because to the fact that many genera and families require synonyms and taxonomic 

revision, and the number of complex species has increased because of the use of 

molecular analyses (Capa; Hutchings, 2021). 

Annelida forms a highly diversified, cosmopolitan, and ecologically relevant group, 

reasons why they have been used as an object of study in different areas of science. In 

environmental assessments, they are applied in ecotoxicological tests (Sultan; Pei, 2023), 

biomarkers (Zhang et al., 2023) and as bioindicators of environmental quality (DEAN 2008; 

Capa; Hutchings, 2021). These invertebrates have great potential in detecting 

anthropogenic disturbances in benthos due to their high abundance, direct relationship 

with the substrate, and sedentary habit (Hartini, 2022). Assigning a specific species as a 

bioindicator of a deteriorated environment presents challenges, since each geographical 

region exhibits unique responses to unfavorable environmental conditions (Dean, 2008).  

The feedback resulting from the environmental disturbances experienced by these 

organisms can range from changes in reproduction, growth, mortality, and dominance of 

species that are resistant to environmental changes (Pocklington; Wells, 1992). The 

increase in abundance, or density, of some annelid families can be interpreted in light of 

the impoverishment of the community, induced by the impact of an altered environment 

(Dean, 2001; Blake et al., 2009; García-Garza, 2021). Therefore, the most effective way to 

evaluate an environment is to compare the distribution of community parameters, such as 

diversity, abundance, dominance, and biomass (Pearson; Rosenberg, 1978). In most 

polluted areas, the benthic community is not diverse, Tubificida, Spionidae, and 

Capitellidae are among the greatest tolerant organisms to stress associated with low 

oxygen and organic pollution (Tsutsumi, 1990; Méndez, 2021).   

The Capitellidae family has been reported in marine and estuarine sediments 

polluted with organic material, often being referred to as bioindicators (Martin; Bastida, 

2006; Umehara et al., 2019; Méndez, 2022). The capitellids constitute one of the most 

important families in the unconsolidated substrate and they can become very numerous. 
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Its distribution ranges from the intertidal zone to the bottom of the sea, usually living buried 

in sand or mud and fed by ingesting organic matter adhered to the sediment (González et 

al., 2021).  

According to the Annelida Polychaeta Species catalog, in Brazil the Capitellidae 

family is distributed in 15 genera and approximately 30 species (Amaral et al., 2012), 

however, recent molecular analyses have led to significant changes in these values. As an 

example, the specie Capitella capitata (Fabricius, 1780) has been widely identified around 

the world, including Brazil, however its distribution is probably restricted to the Arctic and 

subarctic areas (Blake, 2009). The Capitella capitata species complex consists of at least 

50 sibling species (Méndez, 2022), and based on morphological and molecular analyzes 

(mtDNA sequences), Silva et al., (2017) revealed the existence of four new species of 

Capitella in Brazil. Species in the Capitella complex have a physiological demand to 

inhabit organically enriched bottoms (Grassle; Grassle, 1976; Tsutsumi, 1990). This theory 

is widely accepted and supported by several studies that have demonstrated, for at least 

seven decades, the abundance of capitellids in naturally and polluted enriched 

environments as a result of urbanization (Kitamori; Kobe, 1959; Pearson; Rosenberg, 

1978; Amaral et al., 1998; Rizzo; Amaral, 2001; Ourives et al., 2011; Laurino, 2017; 

Méndez, 2021). 

The urbanization of coastal zones results in a series of effects on environmental 

quality, such as erosion (Iskander, 2021), eutrophication (Herren et al., 2021), loss of 

biodiversity (Scherner et al., 2013), and influence on the composition of biological 

communities (Pagliosa; Barbosa, 2006; Momota; Hosokawa, 2021). The city of Balneário 

Camboriú, considered one of the main tourist destinations in southern Brazil, is subject to 

the highest rates of urban growth in the Santa Catarina State. In addition to its growing 

population, Balneário Camboriú has increased by up to 10 times the number of residents 

during the summer season (PMBC, 2023). In this context, the present research aimed to 

study the Capitellidae community from Balneário Camboriú and determine the spatial-

temporal variation in the structure and composition, in order contribute to the knowledge of 

capitellids that occur in the region. So, in the future, it could be used as a baseline for 

taxonomic and ecologic studies, as well as in management plans due to their bioindicator 

potential for anthropogenic disturbances. 
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2 MATERIALS AND METHODS 

 

2.1 Study area 

Balneário Camboriú city is located on the north-central coast (orientation NW – SE) 

of the State of Santa Catarina, southern Brazil. The central beach is approximately 6 km 

long, and it is delimited by headlands. To the north, it borders the Marambaia River, and to 

the south, the Camboriú River (Schettini et al., 1996; Klein et al. 2002). 

2.2 Sampling analyses 

To collect the organisms, four sampling campaigns were carried out, covering an 

entire seasonal cycle. The summer campaign was performed in 2016, spring in 2017, and 

winter and autumn in 2018. Sixteen sampling stations were delimited, of which five were 

located in the Camboriú River at 1 – 2 meters deep (#1, #2, #3, #4, #6), and 11 were 

divided into two transects parallel to the shoreline (transect A= #11, #16, # 21, #26, #31 

and #36, at 5 –  6 meters deep; transect B= #37, #38, #39, #40 and #41, at 9 – 11 meters 

deep) (Figure 1). At each point the collections were taken in triplicate with the assistance 

of a van Veen dredge (area of 0.022 m²). In the laboratory, the samples were fixed in 4% 

formaldehyde, washed in a 0.5 mm sieve, preserved in 70% alcohol, and identified at the 

lowest possible taxonomic level. 

At each sampling station, salinity, and dissolved oxygen parameters were collected 

by the Horiba multiparameter probe and a sample for granulometric analysis by van Veen 

dredge. The determination of granulometric fractions was performed using the sieving 

technique, as suggested by Suguio (1973), while the determination of the organic matter 

followed the method proposed by Dean (1974).   
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Figure 1 - Location map of the sampling stations in the Camboriú River (#1, #2, #3, #4, #6) and 
Balneário Camboriú shoreline (transect A = #11, #16, #21, #26, #31, #36; transect B = #37, 
#38, #39, #40 and #41), Santa Catarina, Brazil 

 

2.3 Statistical analyses 

 

To analyze the spatial-temporal variation of abiotic characteristics, a Principal 

Component Analysis (PCA) was applied, considering as variables the percentages of 

medium sand, fine sand, very fine sand, clay, silt, organic matter, dissolved oxygen, and 

salinity. These variables were selected because they exhibited a representative effect on 

variation and did not show collinearity (Legendre; Legendre, 1998; Clarke; Warwick, 

2001). 

The structure of the macrofauna community was analyzed according to species 

richness and density. Multivariate permutation analyses of variance using distance 

matrices (PERMANOVA) was applied to test spatiotemporal effects on the macrofauna 

community (Anderson, 2001; Mcardle; Anderson, 2001). Statistical significance was 

established at p= 0.05. 

The relationships between the faunal distribution and environmental variables were 

investigated using restricted redundancy analysis (RDA) (Legendre; Legendre, 1998). For 

the analysis, was used the log-transformed fauna matrix (x+1) and the same 

environmental data defined in the PCA. All analyses were conducted using the Past 

Statistical software version 4.03 (Hammer et al., 2001). As for the sedimentological 

characterization, the granulometry statistical data were obtained through the SysGran® 

3.0 software and processed in the JAMOVI software ® 2.2.5. 
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3 RESULTS AND DISCUSSION 

 

3.1 Abiotics 

 

Based on the analysis of samples collected during a complete seasonal cycle, the 

Camboriú River and the Balneário Camboriú shoreline were characterized mainly by fine 

sand, very fine sand, and silt (Table 1). Similar results were found in sedimentological 

studies carried out by Klein & Menezes (2001). In transect B, stations #37, #38, and #39 

were characterized by silt in all seasonal periods evaluated, except in autumn, which had 

the highest concentration of very fine sand, and stations #40 and #41, located south of the 

Bay, exhibited fine sand. In the Camboriú River, there was a predominance of very fine 

sand and silt facies. As for the organic matter, the highest values were observed during 

the summer, mainly at station #3, located in the river. Dissolved oxygen concentration 

values ranged from 1.74 to 8.02 and salinity from 8.7 to 34.5. The lowest values of these 

environmental parameters were observed in the stations located on the Camboriú river, 

while the stations collected in transects A and B exhibited the highest values. 

The two first axes of the PCA explained 69.82% of the variation among samples, 

the first component was responsible for 47.60% of the variation and the second explained 

22.22% (Figure 2).  Overall, the ordination of samples evidenced a separation of stations 

following a depth gradient. Samples collected in transect B, located farther from the coast, 

were associated with higher concentrations of silt, clay, and percentage of organic matter, 

except those collected during the autumn campaign. Stations of transect A were 

associated with positive coordinates resulting from higher concentrations of dissolved 

oxygen, salinity, and very fine sand, while the samples obtained from the Camboriú River 

were associated with negative coordinates of these variables. 
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Figure 2 -  Biplot of Principal Component Analysis (PCA). Geometric figures symbolize the sampling 
stations: (▲), Camboriú River; (●), transect A stations and; (□), transect B stations. Colors 
describe seasonal periods: orange, magenta, brown, and green represent summer, spring, 
autumn, and winter, respectively. Vectors represent the percentages of the variables:  
S.medium, medium sand; S.fine, fine sand; S.v.fine, very fine sand; Clay; Silte; %OM, 
percentage of organic matter; do, dissolved oxygen and; sal, salinity 
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Table 1 -  Sediment characteristics and classification. M, medium sand; F, fine sand; VF, very 
fine sand; %OM, percentage of organic matter; O, dissolved oxygen and S, salinity 

 

 

3.2 Biotic 

 

The Capitellidae family was classified into five distinct taxa: Capitella sp. Blainville, 

1828; Capitella cf. nonatoi Silva & Amaral, 2017, Heteromastus sp. Eisig, 1887, 

Heteromastus similis Southern, 1921 and Mediomastus cf. californiensis, Hartman, 1944. 

The taxa found in the present study are among the eight species previously recorded in 

the Santa Catarina state, except the species Capitella nonatoi, which was previously 

described as Capitella capitata (Fabricius, 1780). However, in Balneário Camboriú there 

was only the record of Mediomastus californiensis (Almeida et al., 2012; Amaral et al., 

2012; Pagliosa et al., 2012).  

The density of capitellids totaled 1,769 ind.m², in general, the highest densities 

occurred in Camboriú River stations, mainly at #3 (Nx̅ = 603 ind.m²), as well as, in transect 
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A, especially at #31 (Nx̅ =468.25 ind.m²) (Figure 3). A similar density observed in Sechura 

Bay, in Peru, where were collected 1,886 ind.m² (Yupanqui et al., 2007). This result was 

superior when compared to the density of Trapandé/SP Bay, which presented 

approximately 170 ind.m² (Souza et al., 2013). In Lagoa dos Patos/RS Bay, the density of 

capitellids found was around 6,000 ind.m² (Soares et al., 2016), a value considerably 

higher than that found in this study. 

 

Figure 3 -  Density fluctuation (ind.m², x̅ ± SD, n= 3) of capitellides at sampling stations in Camboriú River 
(#1, #2, #3, #4, #6) and Balneário Camboriú shoreline (transect A = #11, #16, #21, #26, #31 
and #36; transect B = #37, #38, #39, #40 and #41) 

 

The PERMANOVA test showed significant differences in the composition of taxa in 

relation to the sampled areas, seasonality, as well as the interaction of these factors 

(Table 2). The most abundant and frequent taxon was Mediomastus cf. californiensis, 

showing the highest number of individuals during autumn (N= 730 ind.m²) (Figure 4). The 

specie Capitella cf. nonatoi was the second most abundant taxon, showing 650 ind.m² in 

the summer period. This species was recorded only during the summer and spring, as well 

as Heteromastus sp. The Capitella sp. and Heteromastus similis showed the lowest 

frequency, being recorded exclusively sampling in spring. 

 

Table 2 - Two-way crossed PERMANOVA multivariate analysis on the abundance of capitelid taxa. 
Sq, sum of squares; gl, degrees of freedom; Mq, mean of squares; F, value of F by 
permutation; p, p-values based on over 9,000 permutations. Significant P-values (P < 0.05) 
are shown in bold 

Two-way PERMANOVA 

Source Sq gl Mq F p 

Area 31.487 15 0.20991 16.329 0.0152 

Seasonality 17.393 3 0.57976 45.099 0.0006 

Interaction 86.684 45 0.19263 14.985 0.0065 

Residual 16.455 128 0.12855   

Total 30.011 191       
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Figure 4 - Seasonal fluctuation of Capitella sp., Capitella cf. nonatoi, Heteromastus sp., Heteromastus 
similis and Mediomastus cf. californiensis density 

 

 

The results of the redundancy analysis allowed the extraction and interpretation of 

two factor axes, which together explained 9.66% of the variation in the abundance data of 

benthic macroinvertebrates. There was a tendency of the species Mediomastus cf. 

californiensis, as well as most of the acquired samples, except those collected in the 

summer, to be associated with the first axis, which was strongly influenced by the negative 

coordinate resulting from the highest concentrations of very fine sand and by the positive 

clay coordinate. Most of the samples collected during the summer, and the species 

Capitella cf. nonatoi, were associated with the second axis, which was strongly influenced 

by the negative coordinates resulting from higher concentrations of dissolved oxygen and 

salinity, and the positive coordinate of silt and organic matter (Figure 5).  

The dynamics of the genus Capitella is characterized by a rapid response to the 

environment, thus the association of these organisms in organically enriched environments 

has come to be considered a reflection of their life history (Tsutsumi, 1990). In the present 

study, the high density of Capitella cf. nonatoi were found at station #3, located in 

Camboriú River, which exhibited the highest concentrations of organic matter. This water 

body drains a hydrographic basin of approximately 200 km², comprising the municipalities 

of Camboriú and Balneário Camboriú. The river is substantially influenced by human 

activities developed in the region, mainly agriculture and livestock, and is utilized as an 

access route to berths and marinas (Schettini et al., 1996; Klein et al., 2002). The low-

density values of capitelids recorded at stations #1 and #2, also located on the river, can 

be attributed to low salinity. These stations were sampled upstream, and the Capitellidae 

family is composed of euryhaline species (Subramanian et al., 2021) generally distributed 

from the intertidal zone to the deep sea (González et al., 2021). The Camboriú River, as 

well as others located close to urban centers (Strokal et al., 2021), have the highest water 
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quality close to the source, and it decreases dramatically towards the mouth as a reflection 

of low concentrations of dissolved oxygen and high concentrations of nutrients, mainly 

phosphate and ammonia (SDS, 2017). This change occurs especially as a result of 

effluent release with large concentrations of organic matter from urbanized areas (Oliveira 

et al., 2021), which contribute to changing the physicochemical characteristics of the 

environment (Brito et al., 2020). 

 
Figure 5 - Ordering diagram of the first two axes of the Redundancy Analysis for the environmental 

descriptors and benthic macroinvertebrates. su, summer; s, spring; a, autumn; w, winter; R, 
Camboriú River; _T.A, transect A stations; _T.B, transect B stations; S.médium, medium sand; 
S.fine, fine sand; S.v.fine, very fine sand; Clay; Silte; %OM, percentage of organic matter; do, 
dissolved oxygen; sal, salinity; C, Capitella sp.; Cn, Capitella cf. nonatoi; H, Heteromastus sp.; 
Hs, Heteromastus similis; M, Mediomastus cf. californiensis 

 
 

Station #31 had the second-highest density and was mainly dominated by 

Mediomastus cf. californiensis. The species was associated with very fine sand and 

exhibited the highest density values in autumn, being unrepresentative in the other 

seasons. Brasil & Silva (2000) evaluating the distribution of polychaetes in Rio de Janeiro, 

found a relationship between the presence of M. californiensis, very fine sand, and the 

concentration of organic matter. Unlike this result, Hartman (1944) and Niki et al. (2006) 

associated the presence of M. californiensis with fine sand.  
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Several studies point M. californiensis as the dominant species (Swartz et al., 1986; 

Dean, 1996; Park et al., 2000). The species is described as opportunistic and has an r-

type reproduction strategy, which generates large populations in a short period (Santos; 

Simon, 1980). When analyzing the trophic structure of Calcasieu Estuary macrofauna, 

Gaston & Nasci (1988) observed the highest number of M. californiensis occurring during 

the winter, however, these values exhibited considerable spatio-temporal variation. The 

authors indicate that fluctuations in abundance were little related to density-dependent 

variables, such as competition, predation, and larval-adult interactions. The study suggests 

that the variations are mainly due to the changeability of the area where the traffic of ships 

and maintenance dredging takes place. 

The community of capitellids found in the Camboriú River reflects the influence of 

organic matter concentrations on benthic organisms. This result denotes the contribution 

of effluents generated by residents and tourists in the summer, the season when the city 

has the highest population density. Due to the low or absence of a relationship found 

between the genera Heteromastus with the explanatory variables, it is suggested to carry 

out further evaluations focused on the biology and ecology of these taxa. 
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