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Abstract. Ecosystem engineering species create, modify, and/or maintain the characteristics of the environment. The 
polychaete Phragmatopoma caudata builds large sand reefs in the intertidal region of the Brazilian coast with high structural 
complexity, favoring the increase of diversity and interactions among the species associated. However, there are no studies 
concerning the association of polychaetes with crustacean macrofauna in the northeastern Brazil ecoregion, leaving an 
information gap on baseline biodiversity. Our aim was to analyze the effect of P. caudata colonies (PC) on the local diversity 
of macrocrustaceans compared to the rocky shore (RS) microhabitat. Monthly collections were carried out in low tide from 
September 2015 to August 2016 on 10 × 10 m quadrants for fauna and environmental variables (temperature and salinity) 
samples. In each microhabitat, the capture effort was two hours by two researchers. We collected 3,390 individuals, 60% 
associated with the colonies of PC and 40% with the RS. The PC obtained higher Shannon diversity, Pielou evenness and species 
richness coupled with milder water temperature and salinity conditions (minor air exposure during tide), compared to the RS 
that obtained greater species dominance and more extreme abiotic conditions (major air exposure). The Porcellanidae family 
stood out because all its species were highly abundant and had high occurrence in the colonies. The tropical Brazil porcelain 
crab Pachycheles greeleyi was dominant in both microhabitats (major dominance in PC). The structural complexity in the reefs 
of PC promoted higher availability of niches for the species, as more shelter for the resident species and refugium for temporary 
species with preference for more complex microhabitats. Conservation managers should prioritize the health of these colonies 
and subsequent species that constitute important ecosystemic and fishery resources.
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INTRODUCTION

An ecosystem engineer is a species capable 
to create, modify and maintain the characteristics 
of the environment and have a direct or indirect 
impact on the physical structure, resources, com-
plexity, and heterogeneity of environments (Jones 
et al., 1994; Santos & Aviz, 2019). One of these spe-
cies is the colonial polychaete Phragmatopoma 
caudata Krøyer in Mörch, 1863, which created 
complex structures fully integrated into the land-
scape of algal limestone reefs (Nunes et al., 2017).

The Brazilian coastline often consists of rocky 
shores with highly dynamic characteristics that 
permanently or temporarily harbor a wide range 
of organisms (Abele, 1974) including colonies of 
P.  caudata. This polychaete worm builds sand-
stone galleries by adding large amounts of indi-
vidual sediment particles that are cemented with 
a mucoprotein secretion (Zhao et al., 2005) creat-
ing large sand reefs (Main & Nelson, 1988; Faroni-
Perez, 2014). When constructing, this organism 
creates a biogenic microhabitat of high struc-
tural complexity that favors the increase in local 
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diversity and interspecific and intraspecific interactions 
among individuals (Dubois et al., 2002; Noernberg et al., 
2010; Ataide et al., 2014; Nunes et al., 2017).

This ample diversity is possible due to several com-
bined factors, such as increased oxygen supply in deep-
er sediment cavities, availability of food resources, con-
stant shelter (Bell, 1985; Levin et  al., 1986; Borthagaray 
& Carranza, 2007; Norling & Kautsky, 2007; Ataide et al., 
2014), provide a surface for larval fixation and settlement 
(Sepúlveda et al., 2003), and protection against desicca-
tion and predators (Holt et al., 1998; Dias & Paula, 2001; 
Ataide et al., 2014).

The use of polychaetes colonies by macrofauna has 
been widely registered in the world literature (Gore 
et  al., 1978; Dias & Paula, 2001; Sepúlveda et  al., 2003; 
Santos-Mella et  al., 2017; Velásquez et  al., 2017). In 
Brazil, studies on the association of macrocrustaceans 
with biogenic galleries of the Sabellariidae family were 
mainly conducted for the south and southeast region 
(Southeastern Brazil and Rio Grande ecoregions; sensu 

Spalding et  al., 2007). Bosa & Masunari (2002a,  b), for 
example, studied Peracarida and decapods in P. caudata 
for the state of Paraná, while Pinheiro et  al. (1997) and 
Micheletti-Flores & Negreiros-Fransozo (1999) studied 
the fauna of decapods and porcelain crabs in P. caudata, 
respectively, in São Paulo. Exceptionally, the meiofau-
na in reefs of Sabellaria wilsoni Lana & Gruet, 1989 was 
studied in the coastal region of the Amazon (Ataide et al., 
2014). However, no studies have been conducted on the 
association of coastal fauna with polychaetes galleries 
in Northeastern Brazil ecoregion or the effects of these 
galleries on the fluctuation of biodiversity among rocky 
intertidal microhabitats.

Therefore, the aim of this paper was to analyze the 
effect of biological reefs created through associations of 
P. caudata on the local diversity of macrocrustaceans in 
comparison with the adjacent rocky shore microhabitat. 
In addition, we conducted a survey to provide further in-
formation on fauna composition for the Northeast Brazil 
coast.

Figure 1. Study area and collection of macrocrustaceans in colonies of Phragmatopoma caudata Krøyer in Mörch (highlighted by the white square) and rocky shore 
in the intertidal region of Santa Rita beach, Northeast Brazil.
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MATERIAL AND METHODS

Study area and data collection

The study area is Santa Rita beach, Rio Grande do 
Norte, Northeast Brazil. The collections were performed 
on the intertidal rocky shore during the spring tide from 
September 2015 to August 2016. In this place, a large 
concentration of P.  caudata colonies (henceforth called 
PC) is in the portion of the coast closest to the tide line 
(Fig.  1). In both the polychaetes colonies and rocky in-
tertidal (henceforth called RS), a quadrant of 10 × 10 m 
was delimited, and the same two collectors sampled 
simultaneously during two-hour (capture effort) in low 
tide. A hammer was used to remove batches of PC col-
onies fixed to the rocks. All the batches and the macro-
crustaceans collected were packed in sterile plastic bags, 
then chilled in ice, and stored in the laboratory. We also 
collected data on water surface temperature (℃) using a 
digital thermometer and stored water samples in cryo-
tubes to measure salinity in the laboratory using an opti-
cal refractometer.

At the laboratory, the PC batches were fragmented 
further to collect the animals. Finally, all animals found 
in both microhabitats (PC and RS) were identified to 
the lowest possible taxonomic level (Melo, 1996, 1999; 
Coelho et al., 2006; Anker, 2012; Lucatelli et al., 2012) us-
ing a stereomicroscope, counted, fixed in 70% alcohol 
solution, and added to the Invertebrate Collection of the 
Federal University of Rio Grande do Norte.

Data analysis

The species that occurred in only one sample of both 
environments with a single individual record were pre-
viously excluded from the analyses to ensure a more 
interpretable and accurate comparison. This procedure 
followed the original proposition of removal problematic 
zero records by Legendre & Legendre (1998). We adopt-
ed this concept herein considering that a single record 
in one single sample might be a rare occurrence for each 
microhabitat analyzed. Our data also indicate though 
species accumulation curves (sample-based rarefaction 
with 95% confidence intervals; Colwell et al., 2004) that 
within 6‑month samples diversity gather in asymptotic 
trend (results not shown). The following ecological index-
es were estimated for the species in each microhabitat: 
(1) absolute abundance (N = total number of individuals), 
(2) relative abundance (RAb = total number of individu-
als per species/total number of individuals all species), 
(3) relative occurrence (OR = number of months in which 
the species was found/total number of months), (4) mean 
abundance across sampling months and its standard de-
viation (X ± SD). These indexes were directly compared 
between microhabitat to an overview of occurrence and 
abundance of taxa. In addition, we estimate the indi-
ces of (5) Richness, (6) Diversity (H’) – Shannon-Weaver 
(Shannon & Weaver, 1949), (7) Evenness (J’) by the Pielou 
Index (Pielou, 1966), and (8)  Simpson Dominance (1‑D) 

for each microhabitat. Aforementioned index of Diversity, 
Evenness and Dominance had its 95% confidence inter-
vals estimated and tested between microhabitats by 
means of a Bootstrap permutation procedures (n = 1000) 
(Hammer et al., 2001; Legendre & Legendre, 2012).

Heatmap based on agglomerative hierarchical clus-
tering were performed with biotic data (species matrix) 
using Bray-Curtis index and Ward method as linkage func-
tion. Prior, species matrix was fourth-root transformed 
and then standardized by range (Quinn & Keough, 2002; 
Singh et  al., 2011). This dissimilarity index and linkage 
function was the most efficient and provided more qual-
ity to clusters according to the Criterion Agglomeration 
(CA) and Cophenetic Correlation Coefficient (CPCC). 
The hierarchical cluster algorithm used was Bootstrap 
Multscale (n  =  10,000) proposed by Shimodaira (2008). 
The aforementioned best clustering was determined 
by means of CA, CPCC and visual inspection of the den-
drograms. All procedures of agglomerative hierarchical 
clustering and further details on CA, CPCC and Bootstrap 
multiscale are described in Paiva et al. (2015).

An exploratory analysis of outliers, dependence be-
tween variables, collinearity and normality was conduct-
ed with abiotic data according to the criterion and tests 
described by Zuur et  al. (2010). A Principal Component 
Analysis (PCA) was conducted to evaluate data variation 
(Legendre & Legendre, 2012) of environmental variables 
measured in each microhabitat. All principal compo-
nents that cumulative explained more than 70% of data 
variation were inspected and significant variation were 
considered inspecting the loadings in modular values 
higher than 0.7 (Pereira et al., 2014). The data adjustment 
to PCA was tested according to the Kaiser-Meyer-Olkin 
(KMO) criterion (Kaiser, 1974). To test the difference in 
the environmental matrix in relation to the two micro-
habitats, a multivariate analysis of permutational vari-
ance (PERMANOVA) was performed (Anderson, 2014). 
Following, each abiotic variable was tested for normality 
(Shapiro & Wilk, 1965) and homogeneity of variances by 
Levene’s test (Sokal & Rohlf, 1995) and then, tested me-
dian values between microhabitat by means of a Mann-
Whitney U test (Zar, 2010).

Finally, redundancy analysis (RDA) was used to eval-
uate the association of species matrix in relation to the 
environmental variables (Legendre & Legendre, 2012) in 
both microhabitats. In this procedure, we additionally 
performed a permutational routine (n = 9999) that draws 
the maximum correlation of environmental variables 
with the data of an ordination (namely, ‘envfit’ proce-
dure). According to Oksanen et al. (2013) this procedure 
provides the evaluation of the significance of the adjust-
ed environmental factors to the species matrix.

All the statistical analyses were performed in statistical 
software R (R Core Team, 2018), using the devtools pack-
ages version 1.13.6 (Wickham et al., 2018), cluster 2.0.7‑1 
(Maechler et  al., 2018), pvclust (Suzuki & Shimoidara, 
2009), gplots 3.0.1.1 (Gregory et  al., 2010), factoextra 
1.0.5 (Kassambara & Mundt, 2017), usdm 1.1‑18 (Naimi 
et al., 2014), REdaS 0.9.3 (Maier, 2015), FactoMineR 1.41 
(Le et  al., 2008), vegan 2.5‑4 (Oksanen et  al., 2019), car 
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3.0‑0 (Fox & Weisberg, 2011), and PerformanceAnalytics 
1.5.2 (Peterson & Carl, 2018). For all analyses we adopted 
5% significance level (Zar, 2010).

RESULTS

A total of 3.390 macrocrustaceans were collected. Of 
these, 2.023 (60%) were in P. caudata colonies and 1.367 
(40%) were found on the rocky shore. The specimens of 
the P.  caudata colonies (PC) belong to 17 families and 
39 species, while those in rocky shore (RS) belong to 11 
families and 25 species (Table 1). All species collected in 
the RS were also recorded in PC; however, the PC had 6 
families composed of 16 species that only occured in this 
microhabitat. Porcellanidae was the most abundant fam-
ily for both microhabitats, with 5 species and 735 individ-
uals (RAb = 0.363) in PC, while on the RS we obtained 2 
species with 339 individuals (RAb = 0.248).

In PC, the species with higher relative abundance 
and occurrence were Porcellanidae Pachycheles gree-
leyi (Rathbun, 1900) (RAb = 0.173; RO = 1), followed by 
Megalobrachium roseum (Rathbun, 1900) (RAb  =  0.048; 
RO = 1), Petrolisthes galathinus (Bosc, 1802) (RAb = 0.048; 
RO  =  1), then the Diogenidae Calcinus tibicen (Herbst, 
1791) (RAb  =  0.047; RO  =  1), Porcellanidae Petrolisthes 
armatus (Gibbes, 1850) (RAb = 0.047; RO = 1) and Pisidia 
brasiliensis Haig in Rodrigues da Costa, 1968 (RAb = 0.047; 
RO  =  0.83). In RS, the outstanding species were 

Pachycheles greeleyi (RAb  =  0.272; RO  =  1), Diogenidae 
C.  tibicen (RAb  =  0.119; RO  =  0.83) and Clibanarius an-
tillensis Stimpson, 1859 (RAb = 0.088; RO = 0.83). Other 
species did not represent major trends in macrocrusta-
cean composition.

The ecological indices of diversity, evenness and 
dominance showed statistical differences in the com-
position of macrocrustaceans among the microhabitats 
(n  <  0.001, p  =  999, each comparison). The PC charac-
terized higher Shannon’s diversity index (H’ = 3.28 bits/
individual, lower95%CI = 3.24, upper95%CI = 3.31), even-
ness (J’ = 0.89, lower95%CI = 0.88, upper95%CI = 0.91), 
and Simpson’s dominance index (1‑D = 0.94, lower95%-
CI  =  0.93, upper95%CI  =  0.94) in comparison to the RS 
(H’ = 2.64 bits/individual, lower95%CI = 2.58, upper95%-
CI = 2.69; J’ = 0.84, lower95%CI = 0.82, upper95%CI = 0.85 
and 1‑D = 0.88, lower95%CI = 0.87, upper95%CI = 0.89).

The heatmap by agglomerative hierarchical cluster-
ing evidenced three major species composition clusters 
according to microhabitat (Fig. 2). The first cluster com-
prise the exclusive species for PC microhabitat: P. arma-
tus (Gibbes, 1850), P.  galathinus, M.  roseum, Synalpheus 
fritzmuelleri Coutière 1909, Pitho lherminieri (Desbonne 
in Desbonne & Schramm, 1867), Eurytium limosum 
(Say, 1818), Platypodiella spectabilis (Herbst, 1794), 
Pilumnus reticulatus Stimpson, 1860, Pilumnus dasypo-
dus Kingsley, 1879, Neogonodactylus bredini (Manning, 
1969), Palaemon northropi (Rankin, 1898), Epialtus bitu-
berculatus H. Milne Edwards, 1834, Macrocoeloma laevi-

Figure 2. Heatmap estimated by relative abundance of macrocrustacean species in relation to both microhabitats: Phragmatopoma caudata Krøyer in Mörch (PC) 
and rocky shore (RS), in Santa Rita beach, Northeast Brazil.
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Table 1. List of species that inhabit reefs composed of Phragmatopoma caudata Kroyer in Morch (PC) and rocky shore (RS), in Praia de Santa Rita, Brazil. Absolute 
abundance (N); relative abundance (RAb); relative occurrence (RO); mean and standard deviation (X ± SD).

Táxon PC N RAb RO X ± SD RS N RAb RO X ± SD
Alpheidae Rafinesque, 1815
Alpheus angulosus McClure, 2002* X 41 0.020 0.83 3.42 ± 2.71 X 25 0.018 0.75 2.75 ± 2.40
Alpheus bouvieri A. Milne-Edwards, 1878 X 36 0.018 0.83 3 ± 2.5 X 37 0.027 0.83 3.04 ± 2.31
Alpheus buckupi Almeida, Terossi, Araújo-Silva & Mantelatto, 2013* X 39 0.019 0.83 3.25 ± 2.6 X 36 0.026 0.75 3.12 ± 2.45
Alpheus formosus Gibbes 1850 X 41 0.020 1 3.42 ± 2.27 X 29 0.021 0.58 2.92 ± 2.56
Alpheus nuttingi Schmitt 1924 X 78 0.039 1 6.5 ± 3.45 X 24 0.018 0.67 4.25 ± 3.65
Synalpheus fritzmuelleri Coutière 1909 X 38 0.019 0.83 3.17 ± 2.66 — — — — —
Familia Diogenidae Ortmann 1892
Calcinus tibicen Herbst 1791 X 96 0.047 1 8 ± 3.36 X 163 0.119 0.83 10.79 ± 6.38
Clibanarius antillensis Stimpson, 1859* X 85 0.042 1 7.08 ± 4.89 X 121 0.088 0.83 8.58 ± 6.21
Epialtidae MacLeay, 1838
Epialtus bituberculatus H. Milne Edwards, 1834 X 22 0.011 0.67 1.83 ± 1.70 — — — — —
Macrocoeloma laevigatum (Stimpson, 1860) X 16 0.008 0.83 1.58 ± 1.00 X — — — —
Eriphiidae MacLeay, 1838
Eriphia gonagra (Fabricius, 1781) X 53 0.026 0.83 4.42 ± 2.54 X 46 0.034 0.92 4.12 ± 2.33
Gonodactylidae Giesbrecht, 1910
Neogonodactylus bredini (Manning, 1969) X 33 0.016 0.92 2.75 ± 1.60 — — — — —
Grapsidae MacLeay, 1838
Pachygrapsus transversus (Gibbes, 1850) X 55 0.027 1 4.58 ± 2.27 X 41 0.030 0.92 4.00 ± 2.34
Menippidae Ortmann, 1893
Menippe nodifrons Stimpson, 1859 X 55 0.027 1 4.58 ± 2.15 X 68 0.050 0.92 5.12 ± 2.49
Mithracidae MacLeay, 1838
Omalacantha bicornuta (Latreille, 1825) X 24 0.012 0.83 2.00 ± 1.48 X 24 0.018 0.75 2.00 ± 1.44
Mithraculus forceps A. Milne-Edwards, 1875* X 64 0.032 1 5.33 ± 4.01 X 70 0.051 0.75 5.58 ± 2.26
Mithrax hemphilli Rathbun, 1892 X 14 0.007 0.67 1.17 ± 1.27 X 19 0.014 0.62 1.37 ± 1.55
Mithrax hispidus (Herbst, 1790) X 42 0.021 1 3.5 ± 1.83 X 31 0.023 0.75 3.04 ± 2.05
Pitho lherminieri (Desbonne in Desbonne & Schramm, 1867) X 11 0.005 0.67 0.92 ± 0.79 — — — — —
Palaemonidae Rafinesque, 1815
Palaemon northropi (Rankin, 1898)* X 27 0.013 0.75 2.25 ± 1.91 — — — — —
Palinuridae Latreille, 1802
Panulirus White, 1847 X 12 0.006 0.58 1.00 ± 1.04 — — — — —
Panopeidae Ortmann, 1893
Acantholobulus bermudensis (Benedict & Rathbun, 1891) X 2 0.001 0.75 0.17 ± 0.39 X 13 0.009 0.58 0.62 ± 1.01
Acantholobulus schmitti (Rathbun, 1930)* X 40 0.020 0.62 3.33 ± 3.47 X 64 0.047 0.83 4.33 ± 4.00
Eurytium limosum (Say, 1818) X 25 0.012 0.75 2.08 ± 1.83 X 25 0.018 0.83 2.08 ± 1.79
Hexapanopeus paulensis Rathbun, 1930* X 15 0.007 0.42 1.25 ± 2.14 X 69 0.050 0.83 2.67 ± 2.94
Panopeus occidentalis Saussure, 1857* X 34 0.017 1 2.83 ± 1.85 X 13 0.009 0.58 1.96 ± 1.71
Pilumnidae Samouelle, 1819
Pilumnus dasypodus Kingsley, 1879 X 70 0.035 1 5.83 ± 5.09 — — — — —
Pilumnus reticulatus Stimpson, 1860 X 73 0.036 0.92 6.08 ± 4.44 — — — — —
Plagusiidae Dana, 1851
Plagusia depressa (Fabricius, 1775) X 1 0.001 0.08 0.08 ± 0.29 X 17 0.012 0.83 0.04 ± 0.20
Portunidae Rafinesque, 1815
Callinectes marginatus (A. Milne-Edwards, 1861)* X 20 0.010 0.83 1.67 ± 1.31 X 14 0.010 0.42 1.17 ± 1.46
Porcellanidae Haworth, 1825
Megalobrachium roseum (Rathbun, 1900) X 97 0.048 1 8.80 ± 4.60 — — — — —
Pachycheles greeleyi (Rathbun, 1900)* X 351 0.173 1 29.25 ± 16.08 X 372 0.272 1 30.12 ± 32.06
Petrolisthes armatus (Gibbes, 1850) X 95 0.047 1 7.92 ± 3.37 — — — — —
Petrolisthes galathinus (Bosc, 1802) X 97 0.048 1 8.80 ± 2.31 — — — — —
Pisidia brasiliensis Haig in Rodrigues da Costa, 1968 X 95 0.047 0.83 3.75 ± 2.70 X 21 0.015 0.83 2.75 ± 2.36
Upogebiidae Borradaile, 1903
Upogebia noronhensis Fausto-Filho, 1969 X 37 0.018 0.92 3.08 ± 1.78 — — — — —
Upogebia omissa Gomes Corrêa, 1968 X 33 0.016 0.83 2.75 ± 1.81 — — — — —
Xanthidae MacLeay, 1838
Platypodiella spectabilis (Herbst, 1794)* X 12 0.006 0.83 1.00 ± 0.60 — — — — —
Williamstimpsonia denticulatus (White, 1848) X 47 0.023 1 3.92 ± 1.93 X 50 0.037 0.92 4.04 ± 2.07

* Species with first occurrence in colonies of Phragmatopoma caudata Krøyer in Mörch, 1863.
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gatum (Stimpson, 1860), Upogebia noronhensis Fausto-
Filho, 1969, Upogebia omissa Gomes Corrêa, 1968 and 
Panulirus sp. White, 1847. The second cluster comprises 
species with lower relative abundance in both micro-
habitats in comparison to the third cluster. The species 
Acantholobulus bermudensis (Benedict & Rathbun, 1891), 
Plagusia depressa (Fabricius, 1775) and Mithrax hemphilli 
Rathbun, 1892 showed lower relative abundance in PC 
on the second cluster. In third cluster (with higher rela-
tive abundance cluster) P. greeleyi, Hexapanopeus paulen-
sis Rathbun, 1930, C. antillensis, C. tibicen, Alpheus buck-
upi Almeida, Terossi, Araújo-Silva & Mantelatto, 2013, 
Acantholobulus schmitti (Rathbun, 1930), Menippe nodi-
frons Stimpson, 1859, and Mithraculus forceps A. Milne-
Edwards, 1875 were lower in PC.

Principal component analysis (KMO-criterion = 0.50; 
PC1  =  82.7%; PC2  =  17.3%) showed that the structural 
cavities of PC trend to lower values of water temperature 
(Mean = 27.47; 25‑29.5℃) and salinity (Mean = 36.17 PSU; 
35‑40 PSU), in comparison with the RS (Mean = 28.52℃; 
25‑30.5℃ Mean = 38.5 PSU; 35‑40 PSU). The microhab-
itats showed fluctuations over the months and differed 
in relation to abiotic variables (PERMANOVA F1.22 = 4.65; 
p  =  0.024). However, only salinity presented a statisti-
cal difference in median values (U  =  32, Monte Carlo 
p‑value  =  0,01) between microhabitats. Furthermore, 
Redundancy analysis revealed a temperature and salin-
ity gradient (environmental fitting for both; p < 0.01) to-
wards species that follows association with each micro-
habitat (Fig. 3). Consequently, species trended to group 
to the microhabitat composed of PC were negatively as-
sociated with increase in salinity and temperature. The 
porcelain crab P. greeleyi was the most species associated 
with higher values of temperature.

DISCUSSION

Macrocrustaceans associated with P. caudata (PC) col-
onies in rocky intertidal areas are known from Caribbean 
to Southeast Brazil. In Northeast Brazil (Northeastern 
Brazil ecoregion; sensu Spalding et al., 2007) macrocrus-
taceans associated with PC colonies represented the 
highest richness in Neotropical coastal areas off South 
Caribbean (n = 39) as far as we known from previous in-
vestigations in this microhabitat. Species richness was 
average when compared to the richness found by Gore 
et  al. (1978), who recorded 51 species of macrocrusta-
ceans in Florida (United States of America) and higher 
when compared to the results found by Velásquez et al. 
(2017), Pinheiro et al. (1997), and Bosa & Masunari (2002a), 
who recorded 27 species at Horcón Beach (Venezuela), 9 
species at Ubatuba (Brazil) and 8 species at Caiobá Beach 
(Brazil) respectively.

Richness value founded in Northeast Brazil might be 
due to past connections with Caribbeans areas rather 
than local constraints. The mainline hypothesis is com-
munality of species and/or the substitution of some spe-
cies by others of the same trophic niche due to a past 
connection between these areas (Hoorn et  al., 1995; 

Werding et  al., 2003; Floeter et  al., 2008). According to 
the same authors aforementioned, this past connection 
is currently interrupted by the freshwater barrier of the 
Orinoco and Amazon rivers and other several effluents in 
the Guyana region (established circa c. 11 Ma). In fact, sev-
eral macrocrustaceans that co-occur at Northeast Brazil 
rocky intertidal shore (also in PC colonies) and Caribbean 
present a disjoint distribution under this freshwater bar-
rier (Melo, 1996; Werding et al., 2003; Moraes et al., 2015) 
as well as other benthic species than crustacean (Alencar 
et al., 2017).

Also, several new records of macrocrustacean in as-
sociation with P. caudata exclusively on Northeast Brazil 
highlight its distinct richness among off South Caribbean 
areas previously studied. This study presents for the first 
time the occurrence of Panopeidae A.  schmitti, H.  pau-
lensis, Panopeus occidentalis, Alpheidae A.  angulosus, 
A. buckupi, Portunidae C. marginatus, Diogenidae C. an-
tillensis, Mithracidae Mithraculus forceps, Palaeomonidae 
P.  northropi, Xanthidae P.  spectabilis, and porcelain crab 
P.  greeleyi in reefs of PC. Additionally, current expan-
sion of the distribution of species associated with poly-
chaetes colonies (within this hypothesis) is not observed 
to the south of Brazil (Floeter et al., 2001). Therefore, pres-
ent data confronted with previous studies on this micro-
habitat suggests that macrocrustacean assemblage as-
sociated with P. caudata also might be related with the 

Figure 3. Redundancy Analysis triplot (RDA) addressing association of macro-
crustacean species according to environmental variables (TEMP: Temperature; 
SAL: Salinity) on microhabitats: Phragmatopoma caudata Krøyer in Mörch and 
rocky shore, in Santa Rita beach, Northeast Brazil. Biotic variables: A_ang: 
Alpheus angulosus, A_bou: Alpheus bouvieri, A_buc: Alpheus buckupi, A_for: 
Alpheus formosus, A_nut: Alpheus nuttingi, S_fri: Synalpheus fritzmuelleri, 
C_tib: Calcinus tibicen, C_ant: Clibanarius antillensis, E_bit: Epialtus bituber‑
culatus, M_lae: Macrocoeloma laevigatum, E_gon: Eriphia gonagra, N_bre: 
Neogonodactylus bredini, P_tra: Pachygrapsus transversus, M_nod: Menippe 
nodifrons, O_bic: Omalacantha bicornuta, M_for: Mithraculus forceps, M_
hem: Mithrax hemphilli, M_his: Mithrax hispidus, P_lhe: Pitho lherminieri, 
P_nor: Palaemon northropi, A_ber: Acantholobulus bermudensis, A_sch: 
Acantholobulus schmitti, E_lim: Eurytium limosum, H_pau: Hexapanopeus 
paulensis, P_occ: Panopeus occidentalis, P_das: Pilumnus dasypodus, P_ret: 
Pilumnus reticulatus, P_dep: Plagusia depressa, C_mar: Callinectes margin‑
atus, M_ros: Megalobrachium roseum, P_gre: Pachycheles greeleyi, P_arm: 
Petrolisthes armatus, P_gal: Petrolisthes galathinus, P_bra: Pisidia brasiliensis, 
U_nor: Upogebia noronhensis, U_omi: Upogebia omissa, P_spe: Platypodiella 
spectabilis, W_den: Williamstimpsonia denticulatus.
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past connection Northeast Brazil-Caribbean hypothesis. 
Further inventories and diversity studies in P. caudata col-
onies along the Tropical Atlantic Realm (sensu Spalding 
et al., 2007) are encouraged to build baseline information 
on macrocrustacean composition for a proper investiga-
tion on this hypothesis in near future.

It is fairly recognized that habitat structure may af-
fect abundance, density, and diversity in ecosystems 
(Grinnell, 1917; Gibbons, 1988; Beck, 2000; Schiel, 2004). 
Habitat structure is often used as a physical surrogate as-
pect in biodiversity studies since this concept depends 
on the measured resolution according to species under 
study i.e., the relative abundance of different structural 
features (heterogeneity) and the physical architecture 
of a habitat (complexity) (McCoy & Bell, 1991; McArthur 
et  al., 2010). Habitat structure of PC colonies might be 
the main attribute to promote a high diversity of mac-
rocrustaceans compared to RS. Habitats created by liv-
ing organisms, in particular, by polychaetes, on intertidal 
shores are structurally more complex than the surround-
ing rock surface, attracting a wide range of invertebrates 
(Bosa & Masunari, 2002a; Monteiro et al., 2002; Chapman 
et al., 2012).

One of the consequences of increasing the complexi-
ty of the ecosystem is the increase in the availability of mi-
crohabitats, providing shelter and/or refuge for the asso-
ciated fauna (Whalen et al., 2016). For example, increasing 
structural complexity can relieve environmental stresses 
during low tide, as intertidal organisms need to be pro-
tected from displacement in beds of mussels (Seed, 1996) 
and/or tufts of Fucus that provide shelter for a variety of 
macroinvertebrates (Thompson et al., 1996). In that way, 
one example of heterogeneous biological microhabitats 
is macroalgae, which as more structurally complex as it is, 
presented higher relative abundance of shelter (hetero-
geneity) and diverse sets of invertebrates (Gee & Warwick, 
1994; Chemello & Milazzo, 2002). The colonies present 
high complexity through the aggregation of polychaetes 
tubes, and in the course of time they can increase their 
heterogeneity due to the wear of the microhabitat by the 
action of sea water or by the action of excavator animals, 
while the RS is mostly heterogeneous (Fig. 4).

Polychaetes biogenic microhabitats are used as shel-
ter by groups of vertebrates and invertebrates (Bell, 
1985; Levin et  al., 1986; Borthagaray & Carranza, 2007; 
Norling & Kautsky, 2007; Ataide et al., 2014). Besides that, 
polychaetes colonies provide food because they perform 
bioturbation to work matter that enters through the ac-
tion of waves, and organic matter from decomposed or-
ganisms (Pinheiro et al., 1997). Dominance of porcelain 
crabs is probably due to the availability of microhabitats 
for shelter and because they occupy the same trophic 
level as polychaetes, feeding on plankton organisms 
and organic matter inside the colonies (Micheletti-Flores 
& Negreiros-Fransozo, 1999; Bosa & Masunari, 2002a; 
Velásquez et al., 2017). All species of this family such as 
P. greeleyi, P. brasiliensis and three other exclusive species 
in this particular microhabitat, M.  roseum, P.  galathinus, 
and P. armatus benefit from this condition. Only P. gree-
leyi has not been previously reported in association with 
polychaetes but some studies have already confirmed 
species of the genus Pachycheles as the most abundant 
in Phragmatopoma reefs or another reefs of Sabellariidae 
worms (Gore et al., 1978; Pinheiro et al., 1997; Micheletti-
Flores & Negreiros-Fransozo, 1999).

Species that usually occupy habitats other than poly-
chaetes colonies indicate that this microhabitat also can 
be used as refugium for a certain population of organ-
isms in periods of unfavorable conditions (Selwood & 
Zimmer, 2020). The species with smaller abundances, 
such as S. fritzmuelleri, P. lherminieri, E. limosum, P. specta-
bilis, P. dasypodus, N. bredini, P. northropi, E. bituberculatus, 
M. laevigatum, U. noronhensis, U. omissa and Panulirus sp., 
prefer macroalgae banks, coral reefs, sponge banks and 
near the mangroves (Marx & Herrnkind, 1985; Kneib & 
Weeks, 1990; Candisani et al., 2001; Melo & Veloso, 2005; 
Devries, 2012; Cházaro-Olvera & Vázquez-Lopez, 2014; 
Moraes et  al., 2015; Paiva Barros-Alves et  al., 2019). The 
predilection for these complex habitats and the location 
of colonies closest to the subtidal region suggests that 
the tidal movement may be helping the action of the PC 
as a temporary refugium for these species. As an exam-
ple of the transport of species to the colonies through 
the tide, we observed the occasional occurrence of mac-

Figure 4. Complex microhabitat in Phragmatopoma caudata Krøyer in Mörch (A, B) and heterogeneous microhabitat in the rocky shore (C), in the intertidal region 
of Santa Rita beach, Northeast Brazil.
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roalgae, and mangrove leaves attached to the colonies. 
As recorded by Bosa & Masunari (2002b) individuals 
occupying the polychaetes microhabitat were mostly 
juveniles. In fact, we also observed this in present study 
with most of the species that prefer other microhabitats 
aforementioned. In that way, we are assuming that in the 
period of rising tides, this juveniles initially have access 
to the structural complexity of the PC (closest to lower 
tide line) than to the RS (upper tide line and occasionally 
flanked on PC) (Fig. 1), and can take refugium when fac-
ing threats to their survival, such as inter- and intra-spe-
cies interactions (e.g., predation and competition) or 
regular abiotic pressures, such as high daytime tempera-
tures or salinities (Selwood & Zimmer, 2020).

Water temperature is a key factor influencing phys-
iological performance and organism distribution in in-
tertidal microhabitats (Bertness, 1981; Somero, 2002; 
Snyder et  al., 2001; Gilman et  al., 2006). For intertidal 
species upper zonation limits are usually associated 
with body desiccation and thermal regulation (due to 
more body air exposure) while wave break zones are less 
stressful to thermoregulation (Helmuth, 1999; Helmuth 
& Hoffman, 2001). According to the aforementioned au-
thors, during body air exposure heat flux is determined 
by the animal movement and interactions with structural 
elements of the habitat while submerged an ectotherm 
likely has a temperature similar to water surrounding it. 
Then, microhabitat preferences (and herein its environ-
mental factors) are crucial to ectothermic organisms, 
such as macrocrustaceans.

In the present study, water temperatures were sim-
ilar in mean values with discrete variation towards RS 
microhabitat. However, salinity variation was statistically 
different among the microhabitats with higher value in 
RS. Therefore, the abiotic conditions analyzed showed 
that the RS has proven to be more selective in relation 
to the diversity and evenness of species capable of liv-
ing in it, requiring physiological mechanisms to tolerate 
a wider range of physical conditions than those living in 
PC (Newell, 1976; Helmuth & Hoffmann, 2001; Szathmary 
et al., 2009). The high degree of evaporation in RS at low 
tide, promotes microhabitats with higher range of sa-
linity and low water movement (Garrity, 1984), causing 
less oxygen dissolution, as well as less suspended mat-
ter that could potentially serve as food (Almeida, 2008). 
Meanwhile, the PC offers several advantages for organ-
isms residing in this microhabitat (Bosa & Masunari, 
2002a; Velásquez et  al., 2017), including environmental 
stability and less stressful conditions that favor the oc-
currence of a relevant species richness.

Another notable species is the hermit crab C.  tibi-
cen, which also had a high relative abundance in both 
microhabitats. The hermit crabs require gastropod shells 
for protection (Hazlett, 1981) in a symbiosis (metabio-
sis). Despite other major species discussed previously, 
hermit crabs preferred rocky shore. Large cracks of the 
RS provided wider movement and some refuge during 
the low tide period. In addition, gastropod shells in 
metabiosis prevent (at some extent) desiccation and 
thermoregulation.

However, the availability of shells is not the only factor 
that determines the number of hermits in an area, Vance 
(1972) considered that a complex environment, with sev-
eral hiding places, also provides the animal with greater 
protection. Vale et  al. (2017) studied two sister taxa of 
hermit crab in a coastal lagoon with temporal connec-
tion to mangrove and intertidal rocky coast serving as 
temporary refuge and recruit area. The aforementioned 
authors found that intra- and interspecific competition 
appears to be regulated by differential shell preference 
between species and in their sizes classes. Therefore, we 
assume that the dominance of this species on the RS is 
caused by the high availability of gastropod shells (pers. 
comm., Lane-Medeiros, L.) and competition for this re-
source has imposed on some individuals of smaller av-
erage size the occupation of other microhabitats, such 
as PC, in search of additional protection in worm tubes, 
different forms of crevices or other types of shells. The 
literature confirms the occurrence of this species in the 
RS and polychaetes reefs (Almeida et al., 2008; Velásquez 
et al., 2017).

Finally, this study is the first in northeastern Brazil 
ecoregion to analyze the composition and diversity of 
macrocrustaceans in polychaetes colonies. Data were 
compared to rocky shores of the same local area to en-
hance interpretation of the results. Since richness found 
in RS was totally recorded on PC, we could propose sce-
narios to the distinct richness in PC. Additionally, accord-
ing to previous known habitat information for majority 
species we could state that P. caudata colonies might be 
a refuge/shelter microhabitat for aquatic fauna tempo-
rarily. Recommendations for further investigations in-
clude depict the ontogenetic or size classes associations 
between species commonly found in this microhabitat. 
Also, we recommend additional studies with direct mea-
sure on heterogeneity and complexity, including recent 
proposals of fractal dimensions variables for rocky inter-
tidal zones (Meager et al., 2011).

Information provided herein is the baseline for fu-
ture research on the biology and ecology of the spe-
cies found in this microhabitat. We also increased 
knowledge about the basic abiotic conditions that 
this microhabitat provides for the fauna and extend-
ed the worldwide list of species that occur in PC mi-
crohabitat. From all new reports of this manuscript, we 
highlight the first record of association with porcelain 
crab P.  greeleyi and P.  caudata colonies. This porcelain 
crab is endemic to the Brazilian coast and was domi-
nant in both microhabitats. Therefore, identification of 
habitat structure that provide shelter and refugium for 
macrocrustacean biodiversity is strategic for conser-
vation managers to prioritize the preservation of this 
microhabitat and subsequent species. Such species 
constitute important trophic chain position at other 
ecosystems (such as mangroves), fishery resources that 
permanently or temporarily inhabit this microhabitat 
(such as Panulirus sp.) or even some level of endemism, 
as observed for P.  greeleyi, the only Porcellanidae en-
demic species below Caribbean-West Indian region 
(Werding et al., 2003).
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