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Abstract
Epibiotic species and epibiotic communities are heterogeneously distributed among individuals and body parts and habitats. 
They have a profound ecological impact, since the presence of epibionts affects the fitness of basibionts directly as well as 
indirectly, by modulating its interactions with the abiotic and biotic environment. In this article we assess the composition, 
alpha and beta diversity of epizoic macroalgae on crustaceans. Alpha diversity of epizoic macroalgae was determined for 
each of the basibionts as the effective number of species (qD). We proceeded with the correlation methodology Olmstead-
Tukey to determine the hierarchical organization. On the shallow coast of the province of Santiago de Cuba, 24 epizoic 
macroalgae were found on the exoskeletons of six species of crustaceans. The hierarchical position of epizoic macroalgae 
in crustaceans is characterized by a predominance of rare species, followed by dominant, occasional and finally constant 
taxa. The greatest richness and diversity of epizoic macroalgae species was found on majoid crustaceans, which have active 
a masking behavior. The highest values of species richness, alpha and beta diversity of epizoic macroalgae were found in 
crustaceans with active camouflage. The fact that beta diversity is determined by the replacement of species reinforces the 
idea that these crustaceans use macroalgal assemblages to camouflage themselves.
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Introduction

In marine ecosystems, it is common for the hard and stable 
surfaces provided by various organisms to be used as sub-
strata for taxa such as macroalgae (Wahl 2008; Fernandez-
Leborans et al. 2013). Epibiotic macroalgae are those that 
obligately or facultatively adhere to the surface of living 
organisms during all or part of their life cycle (Harder 2008; 
Wahl 2015). Worldwide, these algae have been studied on 
sponges, corals, mollusks, fishes, and turtles (Bretos and 

Chihuailaf 1990; Ballantine et al. 2001; Connelly and Turner 
2009; Levenets et al. 2010; Serio et al. 2011).

In the tropical seas of the North American hemisphere, 
publications characterizing the composition of the flora 
of epibiontic macroalgae are species-specific. Within this 
group, epiphytes are the best known and most widely 
addressed in the literature (Cabrera et al. 2012; Mateo-Cid 
et al. 2014; Nava-Olvera et al. 2017; Jover et al. 2020). How-
ever, research on epizoic macroalgae is concentrated in Mex-
ico (Sentíes et al. 1999; Alvarez-Cerrillo et al. 2017; Qui-
roz-González et al. 2020) and Cuba (Ros and Suárez 1980; 
Reyes de Armas 2016; Cabrera and Jover 2019; Alfonso 
et al. 2020). In this region, only Alfonso et al. (2020) refer 
for the first time to the structure of the epizoic macroalgal 
assemblage in octocorals. These authors limit themselves 
to analyzing the richness of the species observed and the 
differences between sampling sites in terms of richness and 
specific composition.

Currently, there is a conceptual and mathematical 
framework to estimate and compare species richness in an 
ecological sense (effective species number or diversity of 
order q: qD) (Cultid-Medina and Escobar 2019). Effective 
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species number is a useful tool to characterize alpha and 
beta diversity of ecological communities (Moreno et al. 
2011; Cruz et al. 2017; Fontenla 2018). It is advisable to 
quantify species richness and their representativeness to 
understand species diversity in its taxonomic dimension 
(Moreno et al. 2018). These approaches have not yet been 
used to analyze the distribution patterns of the diversity 
of epizoic macroalgae, although they are important for 
analyzing community-level structure.

The richness of epizoic macroalgae for Cuba is 97 spe-
cies according to published works (Ros and Suárez 1980; 
Reyes de Armas 2016; Cabrera and Jover 2019; Alfonso 
et  al. 2020). The basibionts studied are four species 
of crabs of the order Brachiura (Ros and Suárez 1980; 
Cabrera and Jover 2019), one gastropod (Reyes de Armas 
2016) and 13 species of octocorals (Alfonso et al. 2020). 
Despite the fact that studies of epibiosis by macroalgae 
in crustaceans began in the early twentieth century (Fer-
nandez-Leborans 2018), the distribution patterns of the 
composition and diversity of species of this taxonomic 
group in Cuba are underestimated. The aim of this work 
is to determine the composition, alpha and beta diversity 
of epizoic macroalgae in crustaceans of the Santiago de 
Cuba littoral zone.

Materials and methods

Study area

The sampling locations are located in the coastal area of the 
province of Santiago de Cuba, two in the municipality of 
Guamá (Guaimaral and La Ceiba) and two in the munici-
pality of Santiago de Cuba (Mar Verde and Siboney). The 
localities were selected for having rocky soils with abundant 
macroalgal growth. This type of habitat is typical of crus-
taceans that have algae on their exoskeleton (Villegas et al. 
2006; Costa et al. 2010; Fernandez-Leborans 2018).

The Guaimaral tide pool (19°56′35''N; 76°46′17''W) is 
located 1.7 km west from the mouth of the Turquino River, 
while La Ceiba (19°56′42''N; 76°44′48''W) is located 2.3 km 
east of the mouth of the Turquino River. The mean depth 
at these locations was 2.7 m and 3.2 m, respectively. In 
Guaimaral, small patches of Thalassia testudinum K. D. 
Koenig were also found in the macroalgal bed.

The Aguadores site (19°57′51''N; 75°49′47''W) is located 
at the western tip of Aguadores beach, about 400 m from the 
mouth of San Juan River, and has an average depth of 0.7 m. 
Mar Verde (19°57′32''N; 75°57′23''W) is located 10 km west 
of Santiago de Cuba Bay. This last locality has an average 
depth of 2.5 m and among the macroalgae there are patches 
of T. testudinum and Syringodium filiforme Kützing.

Sampling method

Sampling was conducted from June 2018 to July 2019. At 
each site crabs with macroalgae attached to their exoskeleton 
were located by SCUBA diving according to the methodol-
ogy of Guzmán (1979). In each locality, an active search for 
crabs was carried out in the macroalgal beds. Once the crabs 
with algae on the exoskeleton were located, they were placed 
in nylon bags with seawater. To homogenize the sample size 
at each locality, an intensive search was conducted for two 
hours. The collected crustaceans were deposited in nylon 
bags with seawater and labeled with the local data for later 
analysis in the laboratory.

In the laboratory, macroalgae were separated from crus-
taceans by scraping them with a scalpel and stored in vials 
containing a 70% ethanol solution for later identification 
(Guzmán 1979). Taxonomic identification based on morpho-
logical characters was carried out with the help of special-
ized literature and identification books. In the identification 
of the morphological characters of the cells and the thallus 
of the macroalgae, temporary preparations were made that 
were observed under an optical microscope. Specialized lit-
erature was used in the case of crustaceans (Abele and Kim 
1986; Diez and Jover 2015; Diez 2018) and for algae (Littler 
and Littler 2000; Dawes and Mathieson 2008; Littler et al. 
2008). For legitimacy of names and taxonomic classification, 
the criteria of WoRMS (2020) for crustaceans and Algaebase 
(Guiry and Guiry 2020) for algae were followed. All crus-
taceans were deposited in the collections of Museo Historia 
Natural Charles Ramsden de la Torre and algae in Ficoteca 
Cubana y Antillana, both at the Universidad de Oriente.

The abundance of epizoic macroalgae was estimated visu-
ally, as the percentage of cover of the exoskeleton of the crab 
(Parapar et al. 1997). All macroalgae were assigned to a 
morphofunctional group based on the criteria of Steneck and 
Dethier (1994). In addition, each macroalga was assigned a 
type of fixation structure according to the literature (León-
Alvarez et al. 2007; León-Alvarez and Núñez 2011; León 
Álvarez et al. 2019; Quiroz-González et al. 2020).

Data analysis

Alpha diversity of epizoic macroalgae was determined for 
each of the basibionts as the effective number of species, 
termed qD (Jost 2006) according to the equation:

Observed alpha diversity was determined for q = 0 and 
used as the observed richness index. For q = 1, the Shan-
non entropy index was used, and for q = 2, the inverse of 

qD =

(

S
∑

i=1

p
q

i

)1∕(1−q)
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the Simpson index (Jost 2006) calculated using the 'hillR' 
package in R (Li 2020).

For calculating the estimated diversity of order 0 (spe-
cies richness), the non-parametric estimator ACE (Abun-
dance based coverage estimator) was selected (Chao and Lee 
1992). For order 1 diversity (Shannon index exponential), 
a proposed estimator was used in the absence of complete 
community knowledge (Bias-corrected Shannon diversity 
estimator; Chao and Shen 2003). For order 2 diversity 
(inverse of the Simpson index), the MVUE estimator (mini-
mum variance umbiaset estimator; Chao and Shen 2010) was 
used. All these estimators were calculated using the SPADE 
package in R (Chao and Shen 2010).

In the case of basibionts, the index of constancy of occur-
rence was determined according to the proposal of Román-
Valencia et al. (2017). According to these authors, the con-
stancy index is determined by the quotient of the number 
of recollections where the species is found among the total 
number of collections made in the study multiplied by 100. 
Constant basibionts were those that occurred in more than 
50% of the sampling sites; accessories those that ranged 
between 25 and 50%, and random those with a percentage 
lower than 25%.

To determine the hierarchical organization (degree of 
appearance) of the macroalgal species found, we proceeded 
with the correlation methodology Olmstead-Tukey repre-
sented by quadrant graphs (Sokal and Rohlf 2012). This 
method was based on the graphical representation of the 
relative abundance and the frequency of occurrence of the 
epizoic macroalgae. The relative abundance was expressed 
as a percentage of epizoic macroalgae cover and the fre-
quency in the percentage of occurrence of the species in the 
exoskeletons of crabs. This allowed classifying taxa as domi-
nant (abundance and relative frequency higher than the aver-
age values of abundance and frequency), constant (relative 
abundance lower than their average but relative frequency 
higher than their own), occasional (relative abundance 
greater than their average but relative frequency lower than 
their average) and rare (abundance and relative frequency 
lower than their average values).

The difference in species composition was determined 
according to the criteria of Carvalho et al. (2013), examin-
ing the extent to which the difference in species composition 
between pairs of crabs species was due to species replace-
ment or differences in richness. The metrics used to deter-
mine beta diversity and its components were the Podani 
family of indices because they are easy to interpret in eco-
logical terms (Borcard et al. 2018). The Jaccard index was 
selected as it is the most robust for qualitative data according 
to Schroeder and Jenkins (2018). Additionally, the Ružička 
index was determined from the abundance values of the 
epizoic macroalgae. Quantitative beta diversity indices, such 
as the Ružička index, are appropriate when communities 

differ in the abundances of their species (Legendre 2014). 
Both indices were calculated using beta diversity functions 
(beta.multi and beta.par), which calculate partitions of mul-
tiple sites and pairs of beta diversity, with the package "beta-
part" in R (Baselga et al. 2018).

Results

On the shallow coast of the province of Santiago de Cuba, 
24 epizoic macroalgae were found in the exoskeletons of 
crustaceans. They are grouped into 14 Rhodophyta, seven 
Chlorophyta and four Ochrophyta, belonging to 17 fami-
lies (Table 1). The families Bryopsidaceae and Gracilari-
aceae were the most represented with four and three spe-
cies, respectively. The green alga Chaetomorpha aerea 
(Dillwyn) Kützing was detected on all crustacean species, 
whereas the red algae Jania pedunculata var. adhaerens 
(J.V.Lamouroux) A.S.Harvey, Woelkerling & Reviers, 
Ceramium cimbricum H.E. Petersen and Gracilaria graci-
lis (Stackhouse) Steentoft, L.M. Irvine & Farnham, were 
detected on three of the six crustaceans sampled. Seven spe-
cies are recorded for the first time as epizoic macroalgae for 
the Cuban flora. Of these, three belong to the Rhodophyta, 
one to the Ochrophyta and three to the Chlorophyta. The 
dominant morphofunctional groups were filamentous fol-
lowed by corticated filamentous algae with 50% and 25%, 
respectively. The most common fixation structure in the 
algae was rhizoids with 58% followed by a basal disk with 
33%.

In the sublittoral macroalgae, 54 individuals grouped in 
six species of crustaceans with epizoic algae were collected 
in coastal zone beds. Of these, four belong to the infraorder 
Brachyura and one to Anomura (Table 2). Only Omalacan-
tha bicornuta (Latreille, 1825) was constant in the coastal 
area, with a value of the index of constancy of occurrence of 
60%. Mithraculus sculptus (Lamarck, 1818) is recorded as 
an accessory basibiont with a constancy of 40%. The three 
remaining crustaceans are considered accessory basibionts.

The species richness (q = 0) and specific diversity (q = 1, 
q = 2) of epizoic macroalgae are consistent with the values 
obtained for all basibiont crustaceans (Table 3). The highest 
value of epizoic richness is recorded in O. bicornuta with 
19 epizoic macroalgae. In the rest of the crustaceans, the 
richness of macroalgal species ranged from eight to two. If 
relative abundance is taken as a measure of diversity (q = 1), 
the pattern of diversity was similar to richness. The great-
est diversity of macroalgae species was also recorded in O. 
bicornuta with 16.76. The remaining basibionts had values 
ranging from 1.89 to 6.58 effective species of epizoic mac-
roalgae. Diversity values centered on the most abundant spe-
cies (q = 2) showed a similar trend to species richness and 
first order diversity.
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Table 1   Taxonomic composition and abundance of epizoic macroalgae on crustaceans in the sublitoral of Santiago de Cuba province

Mtr: Macrocoeloma trispinosum, Aac: Amphithrax aculeatus, Msc: Mithraculus sculptus, Obi: Omalacantha bicornuta, Abi: Actaea bifrons, 
Nan: Neopisosoma angustifrons. GM: morphofunctional groups, FOC: foliose corticated, F: filamentous, AC: articulated calcareous, C: crusted, 
CF: cut filament, FO: foliose. FE: fixation structure: R: rhizoid, BD: basal disc, ND: not determined. Asterisks represent new additions to the list 
of epizoic algae for the Cuban marine platform

PHYLUM/Family/species of macroalgae Basibiont GM FE

Mtr Aac Msc Obi Abi Nan

PHYLUM OCHROPHYTA​
Family Dictyotaceae
1- Dictyota ciliolata Sonder ex Kützing 2 FOC R
Family Sphacelariaceae
2-Sphacelaria tribuloides Menghini 5 5 5 F R
Family Acinetosporaceae
3-Feldmannia indica (Sonder) Womersley & A. Bailey 5 F R
4-Feldmannia mitchelliae (Harvey) H. S. Kim 15 F R
PHYLUM RHODOPHYTA​
Family Corallinaceae
5-Jania pedunculata var. adhaerens (J.V.Lamouroux) A.S.Harvey, Woelkerling & 

Reviers
1 2 1 AC BD

Family Lithothamniaceae
6-Lithothamnion floridanum Foslie 1 C ND
Family Hydrolithaceae
7-Pneophyllum fragile Kützing* 5 C ND
Family Lithophyllaceae
8-Amphiroa fragilissima (Linnaeus) J. V. Lamouroux 5 1 AC DB
Family Ceramiaceae
9-Ceramium cimbricum H. E. Petersen 5 5 25 F R
10-Ceramium sp. 5 F R
11- Gayliella transversalis (Collins & Hervey) T.O.Cho & Fredericq 15 CF R
Family Rhodomelaceae
12-Acanthophora spicifera (M. Vahl) Børgesen 5 FC R
Family Spyridiaceae
13-Spyridia filamentosa (Wulfen) Harvey 1 F BD
Family Rhizophyllidaceae
14-Ochtodes secundiramea (Montagne) M. Howe 15 CF BD
Family Gelidiaceae
15-Gelidium pusillum (Stackhouse) Le Jolis* 5 CF R
Family Gracilariaceae
16-Gracilaria sp1 5 1 CF BD
17-Gracilaria sp2 5 CF BD
18-Gracilaria gracilis (Stackhouse) Steentoft, L.M.Irvine & Farnham * 5 15 1 CF BD
PHYLUM CHLOROPHYTA​
Family Bryopsidaceae
19-Bryopsis plumosa (Hudson) C. Agardh* 2 F R
Family Cladophoraceae
20-Chaetomorpha aerea (Dillwyn) Kützing 15 5 5 5 1 5 F R
21-Cladophora lehmanniana (Lindenberg) Kützing* 1 1 15 1 F R
22-Cladophora catenata Kützing 2 15 15 F R
23-Rhizoclonium riparium (Roth) Harvey 5 5 F R
Family Dasycladaceae
24-Batophora oerstedii J. Agardh 5 5 F R
Family Ulvaceae
25-Ulva flexuosa Wulfen* 5 15 FO BD
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The measure of 1st order diversity showed that the spe-
cies O. bicornuta has a diversity equivalent to that of a 
theoretical community of 16.76 species of epizoic algae, in 
which they all have the same abundance. The species M. tris-
pinosum and A. biforns have a diversity equivalent to that of 
a community of 6.58 and 6.45 effective species, respectively. 
The species with the lowest diversity was N. angustiforns 
with 1.89 effective species. Expressing these equivalences, 
O. bicornuta is 10 times more diverse in epizoic algal spe-
cies than M. trispinosum, which was the second most diverse 
species. Moreover, O. bicornuta has more than 9 times the 
species diversity of N. angustiforns. That is, N. angustiforns 
has only 11% of the diversity that O. bicornuta has.

The hierarchical position of epizoic macroalgae in crus-
taceans is characterized by a predominance of rare species 
with 56%, followed by dominant 28%, occasional 12% and 
finally constant 4% (Fig. 1). Of the 14 rare species, 29% 
were characterized by being filamentous with basal disc and 
rhizoid as fixation structures. Of these, 21% were corticated 
filamentous with basal disc; 14% were calcareous and their 
fixation form could not be determined, and 7% were foliose 
with basal disc. Seven dominant species were recorded in 
which 57% had filamentous morphology with a basal disc 

as structure for attachment to a basibiont. The rest of the 
dominant species were calcareous and filamentous corti-
cated with basal disc. Occasional species are Dictyota cili-
olata Sonder ex Kützing (corticated thallus with rhizoids), 

Table 2   Index of Constancy of basibiont crustaceans in epizoic macroalgae in the sub-littoral of Santiago de Cuba province

Basibiont crustaceans
Sampling locations

Siboney Aguadores Mar Verde La 
Ceiba Guaimaral Constancy

(%)
Infraorder Braquiura
Macrocoeloma trispinosum (Latreille, 1825) 20

Amphithrax aculeatus (Herbst, 1790) 20

Mithraculus sculptus (Lamarck, 1818) 40

Omalacantha bicornuta (Latreille, 1825) 60

Actaea bifrons (Rathbun, 1898) 20

Infraorder Anomura
Neopisosoma angustifrons (Benedict, 1901) 20

Table 3   Indices of observed 
and estimated alpha diversity 
of epizoic macroalgae on 
crustaceans in the littoral of 
Santiago de Cuba province

q = 0 species richness, q = 1 Shannon entropy index and q = 2 the inverse of the Simpson index

Crustaceans Diversity

Observed Estimated

q0 q1 q2 q0 q1 q2

Macrocoeloma trispinosum 8 6.58 5.45 8 6,96 5,86
Amphithrax aculeatus 5 4,71 4,45 5 4,99 4,96
Mithraculus sculptus 7 5,92 5,12 7 6,31 5,47
Omalacantha bicornuta 19 16,76 15,23 19 17,45 16,26
Actae abifrons 7 6,45 6 7 6.79 6.56
Neopisosoma angustifrons 2 1,89 1,8 2 1.96 1.91

Fig. 1   Hierarchical classification of the epizoic macroalgae assem-
blage on the coast of Santiago de Cuba. The dotted line represents the 
mean value of frequency and abundance respectively. The numbers 
correspond to the identifier in Table 1
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Bryopsis plumosa (Hudson) C. Agardh (filamentous thal-
lus with rhizoids) and Ulva flexuosa Wulfen (foliose with 
basal disc). Finally, only one constant species was recorded, 
Sphacelaria tribuloides Meneghini, which has a filamentous 
thallus with rhizoids.

The similarity indices of Jaccard (0.151) and Ružička 
(0.107) were close to zero (Fig. 2), which demonstrates the 
dissimilarity between the structure of the epizoic macroalgae 
assemblages among the five crustaceans studied. For both 
indices, replacement is the component of beta diversity that 
contributed the most to dissimilarity, with an average value 
of 0.458 (Jaccard) and 0.465 (Ružička), whereas in the sec-
ond component, the difference in richness was 0.392 and 
the difference in abundance was 0.429 between the pairs of 
crustaceans species.

Discussion

All macroalgae reported as epizoic on shallow littoral crus-
taceans on the southeastern coast of Cuba were recorded 
with their epibiont habit, at least as epiphytes (Ortega et al. 
2001; Fredericq et al. 2009; Suárez et al. 2015; Jover et al. 
2020). This suggests that the exoskeleton of crustaceans on 
the coast of Santiago de Cuba is not a unique habitat for 
macroalgae. The families with the highest specific richness 
and the best distributed species among the collected crus-
taceans correspond to macroalgae, which often develop on 
living organisms (Nava-Olvera et al. 2017; Jover et al. 2020). 
The insufficient information on the composition, abun-
dance and structure of epizoic macroalgal assemblages in 
the Cuban marine platform, limited to four papers, does not 
allow us to determine the families with the highest species 
richness, although genera such as Chaetomorpha, Jania and 
Ceramium are among those that contribute most to the spe-
cies richness of epizoic macroalgae (Reyes de Armas 2016; 
Cabrera and Jover 2019; Alfonso et al. 2020).

The 29% of species are recorded as epizoic on the Cuban 
shelf for the first time, although all species are common in the 
flora of the region (Ortega et al. 2001; Fredericq et al. 2009; 
Suárez and Martínez-Daranas 2020). 29% of the species are 
recorded for the first time as epizoic on the Cuban shelf, 
although all species are common in the flora of the region 
(Suárez et al. 2015). In addition, the small size of these algae 
and the fact that there are immature stages that make taxo-
nomic identification difficult, cause them to be underestimated 
during sampling (Quiroz-González et al. 2020).

The highest richness of Rhodophyta followed by Chlo-
rophyta is consistent with the pattern that exists in other 
tropical ecosystems (Wynne 1986; John et al. 2003; Phang 
et al. 2016) and in the study area (Jover et al. 2009, 2012). 
Moreover, it is consistent with the pattern of richness by 
phyla observed by Reyes de Armas (2016) in the mollusk 
Lobatus gigas (Linnaeus, 1758) and by Cabrera and Jover 
(Cabrera and Jover 2019) in Brachiura. However, Alfonso 
et al. (2020) noted in octocorals that Rhodophyta had the 
highest species richness, followed by Ochrophyta and finally 
Chlorophyta. Whether the species and habitus (sessile or 
mobile) of the basibiont determine the richness of epizoic 
macroalgae is not well established in the scientific literature.

The predominance of corticated filamentous species and 
filamentous species is consistent with what has been found 
for epiphytic (Széchy et al. 2008; Soares and Fujii 2012; 
Diez et al. 2013; Jover et al. 2020) and epizoic macroalgae 
(Alfonso et al. 2020; Quiroz-González et al. 2020). These 
morphofunctional groups are adapted to live on substrata 
that are of short duration and exposed to different levels 
of disturbance (Széchy et al. 2008). The high growth and 
reproduction rate of filamentous algae lead to the oppor-
tunistic behavior of these species and rapid colonization of 
the substratum (Steneck and Dethier 1994). The richness of 
filamentous macroalgae has been noted among the mollusk 
L. gigas (Reyes de Armas 2016), the crabs O. bicornutus 

Fig. 2   Triangular plots of beta 
diversity comparisons using the 
Jaccard (A) and Ružička (B) 
dissimilarity index for epizoic 
macroalgal assemblages on the 
Santiago de Cuba littoral. Each 
point represents a pair of crabs. 
Its position is determined by 
a triplet of values from the S 
(similarity), Repl (replacement), 
and RichDiff/AbDiff (richness/
abundance difference) matrices; 
each triplet sums to one
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(Guzmán 1979), octocorals (Alfonso et al. 2020) and sea 
turtles (Sentíes et al. 1999; Loza 2011).

Fixation structures play an important role in the estab-
lishment and development of benthic algae. The presence of 
rhizoids, discs and haptera is typical of macroalgae that attach 
to solidified substrata (Santelices 1977). The predominance 
of rhizoids as a fixation structure of epiphytic macroalgae on 
crustaceans of the southeast coast of Cuba is consistent with 
that found in various basibionts of the Mexican Pacific (Qui-
roz-González et al. 2020). Rhizoids exhibit a number of adap-
tive properties, including apical growth, frequent branching, 
negative phototropism, positive geotropism, positive thigmo-
taxis, and morphological plasticity, which allow macroalgae 
to increase the surface-substratum contact area and to form a 
strong adhesive bond with the substratum (Fletcher and Cal-
low 1992). According to these authors, the properties of the 
substratum such as topography and chemical composition favor 
the development and establishment of rhizoids. Therefore, the 
characteristics of the exoskeletons of crustaceans, like those 
of molluscs, are characterized by their hardness, the presence 
of appendages that increase the contact area and the chemi-
cal composition which favor the adhesion of macroalgae with 
rhizoids and fixation discs.

The superfamily Majoidea was the most represented with 
five species and the superfamily Galatheoidea with one. 
These crustaceans use algae for camouflage and feeding 
(Martinelli et al. 2011; Machado et al. 2013; Greco et al. 
2014). All basibiont crustaceans have been recorded in mac-
roalgae beds on the shallow littoral of the southeast coast 
of Cuba. (Diez and Jover 2015; Diez 2018). The majoid 
crustaceans are recorded in the study area as representing 
constant and accessory species. These species have a wide 
distribution in rocky substrata dominated by macroalgal beds 
due to their behavior as decorative crustaceans. (Hultgren 
and Stachowicz 2009; Martinelli et al. 2011). In addition, in 
areas of the Caribbean with beds dominated by seagrasses 
and macroalgae, the most common macrocrustaceans are 
majoids (Garcia et al. 1998; Carmona-Suárez 2000).

The greatest richness and diversity of epizoic macroalgal 
species was found on majoid crustaceans, which have an 
active masking behavior. Majoid crustaceans have structures 
in their exoskeleton that allow them to cover themselves with 
materials from their environment for camouflage (Hultgren 
and Stachowicz 2011). In addition, unlike other brachyurans, 
these majoids have a terminal that may favor the growth of 
macroalgae in their exoskeleton (Hinsch 1972). The greater 
diversity of epizoic algae responds to the camouflage strat-
egy employed by majoids to create a mask resembling a 
group of attached algae (McLay 2020). However, N. angusti-
frons has the lowest species richness and diversity of epizoan 
algae because it does not exhibit active decorating behavior 
(Wahl et al. 1997).

The assemblage of epizoic macroalgae on the exoskel-
eton of the studied crustaceans is characterized by the 
dominance of rare species, a characteristic phenomenon of 
ecological communities (Magurran and Henderson 2011). 
In addition, the abundance of rare species could be due 
to habitat availability (crustaceans) and structure (exoskel-
eton morphology). Habitat availability and architectural 
structure influence the abundance of epibionts present in 
the camouflage (Stevens and Ruxton 2019). However, with 
the information available in this study, it is not possible 
to analyze whether there are macroalgal preferences for 
crustacean species. The information analyzed also makes 
it impossible to analyze the relationship between the abun-
dance of epizoic macroalgae and the abundance of macroal-
gae present in the habitat.

The evaluation of the beta diversity of epizoic macroalgae 
in Cuba is limited to a single work in octocorals (Alfonso 
et al. 2020). These authors do not analyze the components 
of beta diversity and the analysis is between communi-
ties and not between basibionts. However, it ecognizes the 
importance of identifying the components of beta diversity 
to determine the processes that dominate between sampling 
sites in a study (Legendre 2014). In Cuban marine epibiont 
communities, analysis of the components of beta diversity 
has been limited to only one study in epiphytic macroalgae 
(Jover et al. 2020). These authors found that difference in 
richness was the component that contributed most to beta 
diversity in epiphytic macroalgae. However, in assemblages 
of epizoic algae on crustaceans, the replacement of species 
is the component that determines low similarity in these 
assemblages. It is known that the change in species compo-
sition may reflect environmental classification of species or 
dispersal constraints that lead to selective differentiation of 
species groups among assemblages (Victorero et al. 2018). 
The fact that beta diversity is determined by the replacement 
of species reinforces the idea that these crustaceans use mac-
roalgal assemblages to camouflage themselves.

Conclusions

The assemblage of epizoic macroalgae on six species of crus-
taceans on the southeast coast of Cuba consists of 25 mac-
roalgae, dominated by rhodophytes and filamentous algae. 
The highest values of species richness, alpha and beta diver-
sity of epizoic macroalgae were found on crustaceans with 
active camouflage. These epizoic macroalgae assemblages 
are characterized by the richness of rare species, followed by 
the dominant species. Additionally, the richness and diversity 
values of the epizoic macroalgal species found to confirm that 
the crustaceans studied represent key species in the structure 
of benthic macroalgal assemblages.
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