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A B S T R A C T   

Proliferations of zoantharians along tropical and subtropical regions are increasingly common and usually 
associated with anthropogenic impacts and ecosystem degradation. In the Canary Islands, we studied how the 
dominance in the substrate of Palythoa caribaeorum and Zoanthus pulchellus affected fish communities. For that 
purpose, we recorded the composition and biodiversity of fish assemblages associated to both zoantharian and 
macroalgae dominated habitats. In general terms, we found significant reductions of total fish abundance and 
richness at P. caribaeorum dominated habitats compared with macroalgae stands. However, in terms of trophic 
structure, there were significant changes within both zoantharian habitats depending on their coverages of the 
substrate. Herbivores and small invertebrate feeders, which are more adapted to forage in the macroalgae 
canopy, were less abundant in zoantharian habitats. This study demonstrates that the increasing dominance of 
zoantharians throughout the archipelago restructure the ecosystems and impact the native fish communities, that 
may offer a positive feedback for invasive tropical species to thrive.   

1. Introduction 

Among climate change effects, rising sea surface temperature is 
probably one of the most important and studied impacts on marine 
ecosystems. A common consequence of regional changes in temperature 
is the alteration of the phenology of local fauna and flora, which ulti-
mately drives changes in their latitudinal distribution in pursuit of more 
favourable conditions (Hickling et al., 2006; Yamano et al., 2011; 
Poloczanska et al., 2013; Canning-Clode and Carlton, 2017). The 
structure of marine communities around the globe is shifting according 
to these climate-driven changes, being especially problematic when they 
affect foundation species and impacts cascade through their associated 
communities (Vergés et al., 2014). 

In particular, transition regions where many species find their 
northern or southern limits of distribution are suffering major shifts in 
marine ecosystems, due to climate-change driven species redistributions 
(Occhipitingi-Ambrogi, 2007; Wernberg et al., 2016). These areas are, 
therefore, especially suitable for the study of climate change impacts on 
marine communities. The Canary Islands constitutes one of these tran-
sition regions (Kaimuddin et al., 2016), acting as an ecological corridor 
between the tropical waters of South-Western Africa and more 
temperate regions, such as the Mediterranean Sea and the South 

European Atlantic shelf. In this sense, mean sea surface temperature 
(SST) of the archipelago ranges from ~19 ◦C in winter and ~23 ◦C in 
summer (Vélez-Belchí et al., 2015), allowing the coexistence of tropical 
and temperate fish species. Consequently, there is a convergence of 
about 300 different coastal fish species inhabiting these islands with 
very different distribution ranges (Freitas et al., 2019). Moreover, due to 
the flow of cold waters from the Saharian upwelling (Barton et al., 
1998), the Canary Islands show an increasing thermic gradient with up 
to 2 ◦C of difference from east to west of the archipelago. As a result, the 
distribution of coastal icthyofauna throughout the archipelago follows a 
longitudinal pattern (Falcón, 2015), finding more abundant thermo-
philic species in the westernmost islands, while temperate species show 
affinities for the cooler waters of the eastern islands. 

In the last decades, the subtropical region of the Canary Islands has 
undergone a tropicalization process as a consequence of warming sea-
waters, which is allowing the expansion of non-native thermophilic 
species (Brito et al., 2017; López et al., 2019a; Ribeiroa et al., 2019). 
Some of these species, such as Parablennius goreensis, Cantherines mac-
rocerus or Cubiceps capensis, may have reached the islands by their own 
means due to the proximity of their native distribution ranges and the 
dispersal capability of their larvae (Falcón et al., 2015; Brito et al., 
2017). On other hand, many new tropical species are being transported 
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to the archipelago associated to slow-moving vessels and oil platforms, 
and settle in the main harbours of the islands (Pajuelo et al., 2016). Such 
is the case, for example, of several tropical species of hard corals that 
have been able to settle and proliferate in shallow waters of the Canary 
Islands (Clemente et al., 2011; López et al., 2019a), as well as different 
families of coastal tropical fish that were absent or very rare, such as 
Acanthuridae, Pomacanthidae or Chaetodontidae (Falcón et al., 2015; 
Pajuelo et al., 2016; Brito et al., 2017). Likewise, native species with 
warm affinities are also favoured by climate change causing in this case 
a meridionalization process, which not only involves population ex-
pansions but also longitudinal migrations eastwards, following the 
thermic gradient previously mentioned (Brito et al., 2005). Such is the 
case of some zoantharians (Anthozoa: Hexacorallia) species that are 
extending their populations throughout the Canary Islands due to the 
new conditions (Riera et al., 2014; López et al., 2020b), occupying large 
fractions of the substrate. Among the five different zoantharian species 
cited for the Canary Islands (López et al., 2019b), Zoanthus pulchellus and 
Palythoa caribaeorum show the most extensive subtidal populations in 
the archipelago, some of them constituting patches of zoantharian 
dominance larger than 100 m2 that greatly modify sublittoral benthic 
habitats (López et al., 2020b). 

It has been shown that where zoantharians dominate the benthos 
they can reduce structural complexity (Mueller and HAYWICK, 1995) 
and modify associated communities (Mendonça-Neto et al., 2008; Wee 
et al., 2017; Durante et al., 2018; Reimer et al., 2021). Most research 
about zoantharian population outbreaks has focused on tropical coral 
reef habitats (Yang et al., 2013; Cruz et al., 2018; Durante et al., 2018). 
For instance, Cruz et al. (2015) documented a 20% reduction in fish 
biodiversity, associated with a phase-shift from reef-building hard corals 
to Palythoa cf. variabilis. What is more, the trophic structure of the fish 
assemblage changed when P. cf. variabilis dominated the reefs, finding 
higher abundances of mobile invertivore fishes. A more recent study by 
González et al. (2018) reported the capability of Zoanthus pulchellus and 
Palythoa aff. clavata to transform intertidal rocky communities in the 
Canary Islands, where macroalgae stands represent main 
ecosystem-engineers and are responsible of benthic productivity 
(Sansón et al., 2001). González et al. (2018) reported and alteration of 
the structure of the ecosystem in zoantharian-dominated habitats that 
favoured the development of small invertebrate communities, such as 
certain molluscs, arthropods and polychaeta living in association with 
their colonies. Moreover, given the resistance of zoantharians to climate 
change disturbances (López et al., 2020a) and their current tropical and 
subtropical distributions, it is expected that the ongoing increase in SST 
favours their expansion, especially in temperate regions at the periphery 
of their distribution ranges (Durante et al., 2018; Reimer et al., 2018). In 
this context, our study investigated the effects of zoantharian dominated 
habitat on associated fish communities, assessing fish densities and 
richness in habitats with high coverage of P. caribaeorum and 
Z. pulchellus, in comparison to nearby areas dominated by macroalgae 
stands. Our initial hypothesis was that new habitats generated by these 
dominant zoantharians may alter trophic structure of fish communities, 
due to the fact that local species are adapted to thrive in algae dominated 
habitats. 

2. Material and methods 

2.1. Study area 

This study was carried out throughout the Canary Islands, one of the 
Macaronesian archipelagos (Freitas et al., 2019). These islands are 
located between 27.68 and 29.58◦ N and 14.58–18.28◦ W; the closest 
point to the African shore is less than 100 km away from Morocco. The 
Archipelago consists of eight main islands and five islets, spreading up to 
500 km west into the Atlantic Ocean. 

We studied all locations throughout the Archipelago where pop-
ulations of Palythoa caribaeorum (6 locations) and Zoanthus pulchellus (3 

locations) are known to cover more than >100 m2 (Fig. 1). Within each 
location we studied 2 sites separated by no more than a few hundred 
meters: the first site showed high coverage of zoantharians (>35% cover 
of the substrata), and the other one was exclusively structured by 
macroalgae communities without the presence of zoantharians (used as 
control habitat). These control habitats were chosen for their similar 
environmental conditions to those at zoantharian-dominated habitats in 
terms of depth, wave exposure and substrate complexity. Fish commu-
nities were surveyed at each study site between September and 
November of 2019. At each site within each location, 3–6 replicates 
were conducted during daylight hours. The number of replicates varied 
depending on the extension of the zoantharian dominated area; at 
smaller extensions without enough space to conduct 6 replicates we 
carried out a minimum of 3 replicates. 

2.2. Fish assemblage structure and zoantharian dominance 

Fish communities were assessed using a stationary visual technique 
(Bohnsack and Bannerot, 1986) adapted for the objectives of this 
research. The method consisted on surveys of fish assemblages within a 
cylinder of 2.8 m radius measured with the aid of a measuring tape (25 
m2 of total surveyed area). A SCUBA diver recorded species composition 
and abundances of benthic fish species within the sampling cylinder 
during 5 min. During data collection, highly mobile and elusive species 
were prioritized and always recorded at first sight. Schools were fully 
counted even if just a part of it came through the sampling area, and 
their abundances were estimated by counting a smaller portion and 
extrapolating to the whole group (Bortone et al., 1991; Falcón et al., 
1996). Subsequently, the bottom was inspected carefully searching for 
cryptic species, excluding specimens smaller than 1 cm. 

In order to measure the dominance of zoantharian communities in 
the substrate, we visually estimated the percentage of substrate cover by 
P. caribaeorum (P cover), Z. pulchellus (Z cover) and macroalgae (Algal 
cover) within each 25 m2 replicate. To aid to this estimations, we used 
the measuring tape placed over the substratum to measure the diameter 
of the cylinder as reference (Wilson et al., 2007). Additionally, because 
of the growth strategy of Palythoa caribaeorum, with polyps embedded in 
a thick coenenchyma that generates clearly discernible colonies, the 
total extension (m2) covered by this species at each location (P area) was 
also considered by in situ estimating the coverage area of each colony 
with the aid of a tape measure as described by López et al. (2020b). 

2.3. Data treatment and statistical analyses 

Initially, fish communities’ structure was inspected, observing main 
trends in species richness and density values among habitats. Main fish 
species contributing to dissimilarities between zoantharian habitats and 
their respective controls were detected by similarity percentage 
(SIMPER) analyses. For these procedures, we used log transformed 
abundance data and Bray-Curtis similarity matrixes (Anderson, 2004). 

In order to assess the effect of zoantharians on the trophic structure 
of fish assemblages, we classified each fish species into functional groups 
or trophic guilds, considering: “Herbivores”, “Planktivores”, “Omni-
vores”, “Microinvertivores”, “Macroinvertivores” and “Piscivores and 
Macroinvertivores” (Table 1). The criterion used for this classification 
was based on Azevedo (1995), Tuya et al. (2004) and Froese and Pauly 
(2021). 

Differences in trophic assemblages between habitats dominated by 
zoantharians and macroalgae and among localities within habitats were 
evaluated by distance-based permutational multivariate analyses of 
variance (PERMANOVAs) (Anderson, 2004), prior logarithmically 
transformed data and using Bray-Curtis similarities matrix. All analyses 
were conducted using the same two-way design, with fixed factor 
“Habitat” (2 levels: Zoantharian-dominated area and Macroalgae con-
trol area) and random factor “Locality” (3 and 6 levels for Z. pulchellus 
and P. caribaeorum, respectively), and 9999 permutations of 
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exchangeable units (Anderson, 2004). Results were considered signifi-
cant with p-values ≤0.05 and as marginally significant with p-values 
between 0.05 and 0.09. Whenever appropriate, significant effects were 
further examined in detail by pairwise tests (Anderson, 2001). SIMPER 
routine was used to verify the contribution of trophic guilds to 

differences between habitats. Species richness and total fish abundance 
of the whole assemblage, as well as abundances of each trophic category 
were analyzed by means of univariate ANOVAs executed by permuta-
tions, using the same previous two-way design and Euclidean distances 
matrix. 

Fig. 1. Studied locations throughout the Canary Islands in (from west to east): La Palma, La Gomera, Tenerife, Gran Canaria and Fuerteventura islands. ‘P’ locations 
denote the occurrence of Palythoa caribaeorum dominated areas while ‘Z’ locations denote extensions of Zoanthus pulchellus. P1: Playa en Medio, P2: Los Cancajos, P3: 
Los Sauces-Charco Azul, P4: Río Muerto-Baja la Arena, P5: Tajao, P6: Los Cristianos, Z1: Veril de la Carrera, Z2: Caleta de Abajo and Z3: Punta Narices. 

Table 1 
Species composition, mean densities (individuals/25 m2) and, in brackets, standard deviation of reef fish community recorded during this study. Fish species are 
grouped by trophic guilds and their density values are shown within each type of habitat (n: number of samples at each habitat). Z: Habitat occupied by Zoanthus 
pulchellus (n = 11); CZ: macroalgae control habitat close to Zoanthus extensions (n = 18); P: Habitat dominated by Palythoa caribaeorum (n = 31); CP: macroalgae 
control habitat close to Palythoa proliferations (n = 34).  

Trophic guild Families Species Z CZ P CP 

Herbivores Blenniidae Ophioblennius atlanticus 0.0 (0) 0.1 (0.3) 2.7 (3.9) 4.7 (6.8) 
Sparidae Sarpa salpa 0.0 (0) 11.1 (47.1) 6.6 (35.9) 11.9 (34.1) 

Planktivores Pomacentridae Chromis limbata 24.2 (33.3) 29.7 (64.7) 3.9 (11.5) 0.6 (3.4) 
Omnivores Blenniidae Parablennius goreensis 0.0 (0) 0.0 (0) 0.03 (0.2) 0.1 (0.2) 

Gobiidae Gnatholepis thomposoni 0.3 (0.5) 0.0 (0) 0.03 (0.2) 0.0 (0) 
Mugilidae Liza aurata 0.0 (0) 0.0 (0) 0.0 (0) 0.03 (0.2) 
Pomacentridae Similiparma lurida 37.3 (17.6) 45.8 (20.0) 52.9 (29.5) 65.2 (30.4) 
Scaridae Sparisoma cretense 4.6 (7.7) 2.2 (3.3) 1.0 (1.7) 2.7 (6.8) 
Sparidae Diplodus puntazzo 0.0 (0) 0.0 (0) 0.0 (0) 0.03 (0.2) 
Sparidae Diplodus sargus 0.5 (1.0) 0.0 (0) 1.2 (3.7) 1.9 (5.5) 
Sparidae Diplodus vulgaris 1.8 (2.6) 0.3 (1.2) 0.1 (0.4) 4.1 (12.7) 
Sparidae Spondyliosoma cantharus 0.0 (0) 0.0 (0) 0.0 (0) 0.1 (0.2) 
Tetraodontidae Canthigaster capistrata 1.9 (2.7) 2.1 (1.5) 0.8 (1.8) 1.0 (1.6) 
Tetraodontidae Sphoreoides marmoratus 0.6 (0.8) 0.3 (0.6) 0.2 (0.4) 0.1 (0.3) 

Microinvertivores Labridae Thalassoma pavo 41.0 (8.1) 54.5 (23.5) 47.9 (28.7) 88.5 (65,0) 
Monacanthidae Stephanolepis hispidus 0.1 (0.3) 0.0 (0) 0.0 (0) 0.0 (0) 
Sparidae Oblada melanura 9.1 (10.5) 0.0 (0) 0.0 (0) 2.1 (6.2) 
Tripterygiidae Tripterygion delaisi 0.2 (0.4) 0.1 (0.2) 0.0 (0) 0.0 (0) 

Macroinvertivores Bothidae Bothus podas 0.0 (0) 0.1 (0.2) 0.03 (0.2) 0.03 (0.2) 
Haemulidae Pomadasys incisus 0.0 (0 0.1 (0.2) 0.0 (0) 0.0 (0) 
Muraenidae Gymnothorax unicolor 0.4 (0.7) 0.1 (0.2) 0.03 (0.2) 0.0 (0) 

Piscivores and macroinvertivores Aulostomidae Aulostomus strigosus 0.7 (1.4) 0.2 (0.6) 0.0 (0) 0.2 (0.5) 
Muraenidae Enchelycore anatina 0.1 (0.3) 0.0 (0) 0.03 (0.2) 0.0 (0) 
Muraenidae Muraena augusti 0.0 (0) 0.1 (0.3) 0.0 (0) 0.0 (0 
Priacanthidae Heteropriacanthus fulgens 0.0 (0) 0.2 (0.7) 0.0 (0) 0.03 (0.2) 
Scorpaenidae Scorpaena maderensis 0.5 (0.8) 0.8 (0.9) 0.2 (0.4) 0.2 (0.5) 
Scorpaenidae Scorpaena porcus 0.0 (0) 0.4 (0.6) 0.0 (0) 0.0 (0) 
Serranidae Epinephelus marginatus 0.0 (0) 0.0 (0) 0.1 (0.3) 0.0 (0) 
Serranidae Mycteroperca fusca 0.1 (0.3) 0.0 (0) 0.1 (0.4) 0.03 (0.2) 
Serranidae Serranus atricauda 0.0 (0) 0.2 (0.4) 0.0 (0) 0.0 (0) 
Serranidae Serranus scriba 0.5 (0.7) 0.0 (0) 0.0 (0) 0.0 (0) 
Sparidae Diplodus cervinus 0.3 (0.5) 0.1 (0.2) 0.0 (0) 0.1 (0.4) 
Sparidae Pagrus auriga 0.3 (0.7) 0.1 (0.2) 0.0 (0) 0.0 (0) 
Synodontidae Synodus synodus 0.09 (0.3) 0.4 (0.6) 0.0 (0) 0.1 (0.2)  
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The statistical software PRIMER 7 and PERMANOVA+ (www.pri 
mer-e.com) was used to conduct all analyses of variance and SIMPER 
analyses. 

Given the relatively recent expansion of zoantharians throughout the 
Canary Islands, the level of development of these habitats differed 
depending on each specific locality. Thus, in order to assess how fish 
communities associated to Palythoa caribaeorum or Zoanthus pulchellus 
changed along the different degrees of zoantharians’ dominance over 
the substrate, we considered the following variables: coverage of zoan-
tharians (P and Z cover), coverage of macroalgae (Algal cover) and, only 
in the case of P. caribaeorum, total area occupied by the colonies (P area). 
Multivariate generalized linear models (GLM) were run using the 
package mvabund (Wang et al., 2012) to test the effects of these variables 
on abundances of fish trophic groups associated to zoantharian domi-
nated habitats (excluding control habitats). Pairwise relationships be-
tween all variables were performed to detect collinearity effects between 
explanatory variables (Zuur et al., 2007). All the models were tested 
including “Locality” as a random effect to reduce the unknown variance 
and improve the accuracy of the estimates. Negative binomial family 
error structure was employed, since it is appropriate for over-dispersed 
count data (Kuznetsova et al., 2017). To select the best predictors, we 
employed a backward/forward stepwise procedure, and AIC (Akaike 
Information Criterion) was used to select models with the largest 
parsimony. In all cases, we checked linear model assumptions by 
examining plots of residuals versus fitted values (Harrison et al., 2018). 
Additionally, univariate responses for each functional trophic group 
were analyzed by GLMs using the same explanatory variables. All 
modeling and testing were implemented in the R.4.0.3 statistical envi-
ronment (R Core Team, 2020). 

3. Results 

A total of 34 benthic fish species were recorded in 94 point-count 
samples conducted at 9 localities throughout 5 different islands 
(Table 1). Species richness per transect averaged 5.5 ± 2.04 spp./25 m2, 
while mean density was 148.3 ± 78.9 individuals/25 m2. Most diverse 
groups were piscivores and omnivores, while herbivores and plankti-
vores showed the lowest species richness among the whole fish assem-
blage. However, in terms of densities, microinvertivores and omnivores 
showed the highest numbers in contrast to macroinvertivores and pis-
civores (Table 1). 

Fish species contributions to dissimilarities between habitats were 
different for P. caribaeorum and Z. pulchellus. Main differences between 
Palythoa and macroalgae control habitats were explained by lower fish 
abundances at the zoantharian dominated habitat (Table 2A). Tha-
lassoma pavo, Similiparma lurida and Ophioblennius atlanticus contributed 
most to these dissimilarities. In the other hand, differences found among 
Zoanthus and control habitats were more complex (Table 2B). The 
SIMPER routine included a larger number of species to reach 70% of 
cumulative dissimilarity, and abundances patterns between zoanthar-
ians and macroalgae were unclear. The greatest dissimilarity was 
recorded for the planktivore Chromis limbata, whose mean abundance 
was ~20% smaller at Z. pulchellus habitats. 

3.1. Palythoa caribaeorum dominated habitats 

In habitats dominated by the zoantharian P. caribaeorum, P cover was 
70.97 ± 14.57%, while algal cover was 18.10 ± 11.60%. In contrast, 
control habitats with a dominance of macroalgae stands showed levels 
of 71.35 ± 16.21% substrate coverage and there was no occurrence of 
Palythoa. In total we recorded 25 fish species, 18 in P. caribaeorum 
dominated habitats and 21 at macroalgae control areas (Table 1). 

Abundance of fishes was higher (F = 24.05, p < 0.01) at macroalgae 
control habitats (183.56 ± 97.76 individuals/25 m2) than at habitats 
dominated by P. caribaeorum (117.71 ± 75.80 individuals/25 m2). 
Regarding species richness, values were also higher at control habitats 
(5.12 ± 1.9 spp./25 m2) in comparison to habitats occupied by 
P. caribaeorum (4.36 ± 1.52 spp./25 m2). Corresponding analysis of 
variance for species richness showed a significant effect of the interac-
tion of factors ‘Habitat x Locality’ (F = 3.14, p < 0.05). A posteriori 
comparisons showed that species richness was significantly higher in 
control habitats at 3 localities from different islands: La Gomera (P1: t =
3.48, p < 0.05), La Palma (P3: t = 2.61, p < 0.05) and Tenerife (P6: t =
2.16, p < 0.09). 

The trophic structure of the fish community associated to habitats 
dominated by P. caribaeorum was significantly different (F = 3.84, p <
0.05) from that found at macroalgae control areas, and an overall sig-
nificant effect of factor Locality was also detected (Table 3A). Major 
differences occurred on herbivores, microinvertivores and omnivores, 
which were negatively affected by the presence of Palythoa. Their den-
sities dropped ~45% in the cases of herbivores and microinvertivores 
and 25% for omnivores under the influence of the zoantharian substrate 

Table 2 
Results of the SIMPER routine testing for dissimilarities between habitats dominated by (A) Palythoa caribaeorum and (B) Zoanthus pulchellus in comparison to their 
respective macroalgae control areas, based on abundance data of fish species. Species are in decreasing order of contribution (cut off 70%).  

Average dissimilarity = 37,71 P. caribaeorum Macroalgae Av.Diss Diss/SD Contrib% Cum.% 

Fish species Av.Dens Av.Dens 

Thalassoma pavo 47.9 (28.7) 88.5 (65,0) 6.04 0.95 16.01 16.01 
Similiparma lurida 52.9 (29.5) 65.2 (30.4) 5.19 0.75 13.75 29.76 
Ophioblennius atlanticus 2.7 (3.9) 4.7 (6.8) 4.86 1.21 12.88 42.64 
Sarpa salpa 6.6 (35.9) 11.9 (34.1) 3.50 0.60 9.27 51.91 
Sparisoma cretense 1.0 (1.7) 2.7 (6.8) 3.12 0.98 8.28 60.19 
Canthigaster capistrata 0.8 (1.8) 1.0 (1.6) 2.60 0.89 6.89 67.08 
Diplodus sargus 1.2 (3.7) 1.9 (5.5) 2.53 0.67 6.70 73.78 

Average dissimilarity = 39,54 Z. pulchellus Macroalgae Av.Diss Diss/SD Contrib% Cum.% 
Trophic guilds Av.Dens Av.Dens 

Chromis limbata 24.2 (33.3) 29.7 (64.7) 7.84 1.91 19.83 19.83 
Oblada melanura 9.1 (10.5) 0.0 (0) 4.84 0.90 12.23 32.06 
Sparisoma cretense 4.6 (7.7) 2.2 (3.3) 3.57 1.27 9.02 41.08 
Canthigaster capistrata 1.9 (2.7) 2.1 (1.5) 3.07 1.49 7.76 48.84 
Diplodus vulgaris 1.8 (2.6) 0.3 (1.2) 2.10 0.78 5.31 54.15 
Similiparma lurida 37.3 (17.6) 45.8 (20.0) 2.09 1.28 5.28 59.43 
Scorpaena maderensis 0.5 (0.8) 0.8 (0.9) 1.72 1.02 4.35 63.79 
Thalassoma pavo 41.0 (8.1) 54.5 (23.5) 1.50 1.34 3.80 67.59 
Sphoeroides marmoratus 0.6 (0.8) 0.3 (0.6) 1.30 0.90 3.29 70.88 

Av.Dens: Average of density, Av.Diss: Average of dissimilarity, Diss/SD: Dissimilarity standard deviation, Contrib%: Percentage of contribution to dissimilarity, Cum. 
%: Cumulative percentage contribution to dissimilarity. 

S. Moreno-Borges et al.                                                                                                                                                                                                                        

http://www.primer-e.com
http://www.primer-e.com


Marine Environmental Research 177 (2022) 105623

5

monopolization compared to macroalgae. The similarity approach 
estimated a rate of dissimilarity between habitats of 25.39%, which was 
mainly explained (>80%) by microinvertivores, herbivores and omni-
vores (Table 4A). Univariate analyses of the variance confirmed signif-
icant changes in the densities of these three trophic guilds (Table 4A). 
Abundances of microinvertivores were significantly different among 
both studied habitats regardless of the locality (F = 6.80, p < 0.05), 
while in the case of omnivores and herbivores the effect was smaller and 
consequently we only found significant differences between habitats at 
specific localities (Table 4A). 

3.2. Influence of Palythoa dominance on the fish structure 

The dominance of Palythoa caribaeorum over the substrate was highly 
variable throughout the different studied localities. The total area 
occupied by this zoantharian (P area) oscillated from 85 to 356 m2 per 
site, and the percetange of benthic cover (P cover) occupied within the 
surveyed areas went from 40% to 90%. In contrast, coverage of mac-
roalgae (Algal cover) within zoantharians communities varied from 5% 
to 50%. The correlation test did not show collinearity (|r| < 0.7) 

between these three variables, thus we used the AIC to include or reject 
them into the models. 

Multivariate analysis of relative abundances of trophic groups indi-
cated a significant effect of P area on the trophic structure of fish as-
semblages (Table 5A). However, subsequent univariate GLMs for each 
trophic group only showed a significant effect for omnivores and 
microinvertivores (Table 6A). Best univariate models indicated that in 
habitats dominated by P. caribaeorum, the abundances of both groups 
were positively influenced by P cover, excluding P area as an explana-
tory variable in these cases (Fig. 2A). 

3.3. Zoanthus pulchellus dominated habitat 

In the case of Z. pulchellus the space allocation in areas dominated by 
the zoantharian was different; colonies showed levels of substrate 
coverage of 40.00 ± 16.13% (Z cover) and macroalgae stands (Algal 
cover) of 32.73 ± 12.12% of the substrate. In control areas no presence 
of Z. pulchellus was recorded while cover of macroalgae showed an 
average of 62.22 ± 11.66%. A total number of 29 fish species were 
registered, 22 species in Z. pulchellus dominated habitats and 22 species 
at macroalgae control areas (Table 1). Fish assemblages inhabiting 
Zoanthus habitats did not differ from that at macroalgae stands when 
testing total abundances (F = 2.87; p > 0.1) nor species richness (F =
6.93; p > 0.1). In fact, mean values of these variables were very similar 
between macroalgae stands (148.89 ± 85.64 individuals/25 m2 and 

Table 3 
Two-way PERMANOVA assessing differences in fish assemblage abundances 
grouped by trophic guilds between habitats dominated by (A) Palythoa car-
ibaeorum and (B) Zoanthus pulchellus with their respective macroalgae control 
areas, and among studied localities at the Canary Islands. Localities Z1, Z2 and 
Z3 refer to Fig. 1. Z: habitat dominated by Zoanthus pulchellus; A: habitat 
dominated by macroalgae stands.  

(A) Palythoa Main test 

Source df MS Pseudo-F P(perm) 
Habitat 1 1534.7 3.8409 0.0380 
Locality 5 1942.3 7.5318 0.0001 
Hab. x Loc. 5 402.97 1.5626 0.1015 
Res 53 257.88   
Total 64     

(B) Zoanthus Main test A posteriori test 

Source df MS Pseudo-F P(perm) Hab. x Loc. 

Habitat 1 675.58 1.603 0.3033 Z1: Z = A 
Locality 2 858.59 6.3551 0.0001 Z2: Z ∕= A 
Hab. x Loc. 2 424.19 3.1398 0.0137 Z3: Z ∕= A 
Res 23 135.1    
Total 28      

Table 4 
Results of the SIMPER routine testing for dissimilarities between habitats dominated by (A) Palythoa caribaeorum and (B) Zoanthus pulchellus with their respective 
macroalgae control areas, based on abundance data of fish trophic groups. Groups are in decreasing order of contribution. PERANOVA results assessing differences for 
each trophic group between habitats dominated are presented only for those groups that showed significant differences.  

Average dissimilarity = 25,39 P. caribaeorum Macroalgae Av.Diss Diss/SD Contrib% Cum.% 

Trophic guilds Av.Dens Av.Dens 

Herbivores X (F = 2.94, p = 0.018) 9.3 16.5 7.73 1.15 30.46 30.46 
Microinvertivores* (F = 6.80, p = 0.056) 50.6 95.3 6.80 0.94 26.79 57.25 
Omnivores X (F = 2.02, p = 0.091) 56.3 75.2 5.91 0.79 23.30 80.54 
Planktivores 3.9 0.62 2.35 0.43 9.25 89.79 
Piscivores 0.36 0.62 2.23 0.79 8.79 98.58 
Macroinvertivores 0.07 0.03 0.36 0.31 1.42 100.00 

Average dissimilarity = 20,76 Z. pulchellus Macroalgae Av.Diss Diss/SD Contrib% Cum.% 
Trophic guilds Av.Dens Av.Dens 

Planktivores X (F = 5.72, p = 0.002) 24.2 29.7 10.35 1.91 49.85 49.85 
Omnivores 46.9 50.7 2.97 1.49 14.29 64.14 
Piscivores 2.5 2.5 2.72 1.24 13.10 77.25 
Microinvertivores 50.4 54.6 2.10 1.37 10.13 87.38 
Herbivores 0 11.2 1.41 0.31 6.81 94.20 
Macroinvertivores 0.36 0.17 1.20 0.68 5.80 100.00 

Av.Dens: Average of density, Av.Diss: Average of dissimilarity, Diss/SD: Dissimilarity standard deviation, Contrib%: Percentage of contribution to dissimilarity, Cum. 
%: Cumulative percentage contribution to dissimilarity. 

* Factor “Habitat” effect. 
X Interaction effect of factors “Habitat” and “Locality”. 

Table 5 
Summary of results of multivariate GLM with negative binomial distribution for 
trophic fish assemblages based on abundance data at (A) Palythoa caribaeorum 
dominated habitats (P) and at (B) Zoanthus pulchellus dominated habitats (Z) of 
the Canary Islands.  

(A) Palythoa caribaeorum Model test-statistic: 6.052, p-value: 0.039* 

Coefficient Wald value Pr(>wald) 

Intercept 9.171 0.003** 
Algal cover 4.590 0.048* 
P area 4.235 0.036* 

(B) Zoanthus pulchellus Model test-statistic: 4.119, p-value: 0.045* 
Coefficient Wald value Pr(>wald) 

Intercept 23.970 0.0009*** 
Z cover 4.119 0.0449*  
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6.56 ± 1.72 spp./25 m2) and Z. pulchellus extensions (124.27 ± 45.60 
individuals/25 m2 and 7.73 ± 1.62 spp./25 m2). 

The trophic structure of fish communities associated to habitats 
dominated by Z. pulchellus was significant different from that of mac-
roalgae controls at two out of three studied localities (Table 3B). Most 
trophic groups were slightly less abundant when Zoanthus dominated 
the substrate (planktivores, omnivores and microinvertivores), and 
there was a complete absence of strict herbivore fish at all replicates 
conducted in the zoantharian habitat (Table 4B). However, ANOVAs 
only corroborated significant differences for the density of planktivores 
fish among habitats, while the high variability in densities of the other 
trophic groups prevented statistically significant differences (Table 4B). 
Overall average dissimilarity calculated among habitats was 20.76%, 
and almost a 50% of it was explained by differences in densities of 
planktivores fish (Table 4B). 

3.4. Influence of Zoanthus dominance on the fish structure 

The dominance degree of Zoanthus pulchellus over the substrate was 
lower than that of Palythoa caribaeorum. In this case, Z cover ranged 
from 20% to 70%, while Algal cover occupied from 20% to 60% of 
subtrate. No correlation was found between both explanatory variables. 

The multivariate GLM testing any effect of both coverage variables 
on the abundance of fish trophic groups showed a significant and 
negative influence of increased Z. pulchellus coverage on group abun-
dances (Table 5B). Subsequent univariate GLMs showed that changes in 
fish assemblages were explained by planktivores, omnivores and 
microinvertivores. In habitats dominated by Z. pulchellus, the density of 
microinvertivores and planktivores were negatively related to Z cover 
(Table 6B, Fig. 2B). On the other hand, the abundances of omnivore fish 
increased along with Algal cover (Table 6B, Fig. 2B). 

4. Discussion 

This study revealed important effects of increasing zoantharians 
populations on native fish assemblages of the Canary Islands. Habitats 
dominated either by Zoanthus pulchellus or Palythoa caribaeorum showed 
an alteration of fish community trophic structure, especially reducing 
the abundance of small-invertebrate feeders. 

Proliferations of zoantharians have been reported in several regions 
of the world, usually related to altered ecosystems as consequence of 
anthropogenic impacts that can lead to phase-shift events (Yang et al., 
2013; Cruz et al., 2018; Durante et al., 2018; Reimer et al., 2021). There 
are two main implications of zoantharians dominance on ecosystems: 
(1) the reduction in rugosity by blanketing and smoothing the entire 

surface of the reef substrate, leading to a reduction in structural 
complexity; (2) loss of substrate heterogeneity by the reduction of the 
diversity of benthic communities (Pérez1 et al., 2005; Cruz et al., 2015; 
González et al., 2018). 

The habitat transformation capability of zoantharians is known to 
affect benthic biodiversity in several ways (Cruz et al., 2016). However, 
knowledge about ecological effects of such transformations is still scarce 
and most information came from studies at tropical coral reef ecosys-
tems (Mendonça-Neto et al., 2008; Cruz et al., 2015). Specifically in the 
Canary Islands, Z. pulchellus and P. aff. clavata have been previously 
shown to have a high potential to transform intertidal habitats by 
changing the composition of associated mesofauna communities and 
increasing the diversity and abundance of small invertebrates (González 
et al. (2018). Within this study we evidenced similar ecological effects of 
zoantharian dominance at sublittoral habitats. 

Zoantharians here studied affected fish communities from reef eco-
systems of the Canary Islands in different ways. Total fish abundance 
and species richness at habitats dominated by P. caribaeorum were 
notably lower than at macroalgae beds. These observations are in 
concordance with the aggressive growth strategy of Palythoa, that can 
cover large extensions of rocky bottoms (hundreds of m2) (Sammarco 
et al., 1985) without leaving empty spaces in between (Fig. 3A and B). 
This mat-forming growth strategy is aided by biological features 
inherent to the species, such as its fast growth rate (Bastidas and Bone, 
1996; Silva et al., 2015), asexual reproduction (Cooke, 1976; Acosta 
et al., 2005) and toxicity (Moore and Scheuer, 1971; Wiles et al., 1974), 
making this zoantharian a strong competitor against other sessile or-
ganisms (Suchanek and Green, 1981; Castro et al., 2012). In fact, mac-
roalgae growing in the same area as P. caribaeorum were scarce (on 
average less than 20% cover). This would explain the considerably lower 
abundances of herbivore fish where P. caribaeorum dominated, but also 
the reduction in omnivores and microinvertivores abundances, since 
they may find more difficulties catching the small molluscs and crusta-
ceans hiding in the zoantharian mat than those sheltering in macroalgae 
canopies. 

Analyses assessing differences between the fish community associ-
ated to Palythoa habitats with different levels of dominance over the 
substratum indicated that microinvertivore and omnivore fish were 
more abundant at higher cover percentages of Palythoa. This could be 
explained by the fact that macroalgae communities were poorly struc-
tured in areas dominated by P. caribaeorum, representing low coverages 
with dominance of crustose corallines, turf algae or small patches of 
erect species such as Lophocladia trichoclados or Dictyota spp. (pers. obs.). 
Whether Palythoa caribaeorum colonies are causing such alterations in 
macroalgae communities or, alternatively, the zoantharian is spreading 
along the Canary Islands at subtidal ecosystems already lacking from 
structuring macroalgae, such as wave-exposed areas, barren grounds or 
ecosystems stressed by anthropogenic pressures (e.g. climate change, 
pollution, over-fishing), is still unknown. However, results about fish 
communities in this study support these hypotheses might be somehow 
operating, and once P. caribaeorum proliferates along poorly structured 
ecosystems, omnivore and microinvertivore fish become more frequent 
as a consequence of the increase on small-invertebrates abundances. 

When assessing community effects of the dominance of Zoanthus 
pulchellus in the substrate, only planktivore fish showed an effect. Col-
onies of this zoantharian are smaller and more disperse, and their 
average substrate coverage was 40% in contrast to 71% occupied by 
P. caribaeorum. Furthermore, polyps of Z. pulchellus are not so much 
embedded in the coenenchyme (Fig. 3C and D), leaving free space for 
algae to growth between them (López et al., 2019b) and increasing food 
resources for other species. This would explain why most trophic groups 
showed no significant differences between Zoanthus and macroalgae 
dominated habitats. In the specific case of the planktivore Chromis lim-
bata, differences are most probably explained by the high mobility of 
schools of the species in combination with the lower number of Zoanthus 
pulchellus dominated localities available for this study. This said, GLMs 

Table 6 
Summary of significant results for GLMs testing the effects on the mean abun-
dance of trophic groups of (A) the coverage of macroalgae (Algal cover) and 
Palythoa caribaeorum (P cover), and (B) the coverage of macroalgae (Algal cover) 
and Zoanthus pulchellus (Z cover) within each replicate. Trophic groups that were 
not significantly affected by any of the tested variables are not shown.  

(A) Palythoa caribaeorum Estimate Error z Value Pr(>|z|) 

Omnivores Intercept 1.882 1.073 1.753 0.08. 
Algal cover − 0.025 0.013 − 1.921 0.05 * 
P cover 0.033 0.012 2.719 0.01 * 

Microinvertivores Intercept 1.718 0.831 2.068 0.04 * 
P cover 0.029 0.011 2.639 0.01 * 

(B) Zoanthus pulchellus 

Microinvertivores Intercept 4.904 0.318 15.431 0.0001 *** 
Algal cover − 0.009 0.006 − 1.495 0.1349 ns 
Z cover − 0.018 0.005 − 3.666 0.0002 *** 

Planktivores Intercept 4.900 0.837 5.853 0.0001 *** 
Z cover − 0.049 0.020 − 2.442 0.0146 * 

Omnivores Intercept 2.630 0.359 7.328 0.0001 *** 
Algal cover 0.035 0.010 3.411 0.0006 ***  
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results suggested that, an excessive increase in Z. pulchellus density at the 
benthos has negative implications for several trophic groups, especially 
microinvertivores and omnivores. 

Ecological impacts of zoantharians proliferations have been previ-
ously assessed and identified as major causes of fish community alter-
ations at shallow reef ecosystems. For example, in the Brazilian eastern 

coast, the fish community associated to reefs dominated by Palythoa cf. 
variabilis showed a reduction on its diversity and species richness in 
comparison to reefs dominated by scleractinean corals (Cruz et al., 
2015). These negative effects mainly observed in herbivores, sessile 
invertivores and piscivores were attributed to the flattened substrate and 
the loss of habitat complexity (Pérez1 et al., 2005; Cruz et al., 2015). On 

Fig. 2. Relationships between trophic groups abundances and percent cover variables included in the final univariate GLMs for (A) Palythoa caribaeorum (P) and (B) 
Zoanthus pulchellus (Z) habitats. Note that only trophic groups with significant models are shown. Regression lines and their standard errors (grey area) were included 
for a better visualization, and significance calculated from GLMs are indicated for each specific effect. 
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the contrary, Mendonça-Neto et al. (2008) reported an increase of fish 
diversity associated with habitats dominated by P. caribaeorum (70% 
benthic cover) compared to habitats dominated by a combination of 
other communities such as algae, hard corals and sea urchins and sup-
ported by a structural complexity that did not change among the studied 
ecosystems. These previous facts match with the results here presented. 
In shallow reefs of the Canary Islands where populations of 
P. caribaeorum dominate (benthic cover >70%), the substrate 
complexity and typically high habitat heterogeneity of the region 
(Bortone et al., 1991; Falcón et al., 1996) decreased, causing a reduction 
of fish species and abundances. On the other hand, as long as pop-
ulations of Z. pulchellus coexist with macroalgae communities (40% and 
32.7% of coverage, respectively), and colonies leave free substrate, 
crevices and holes, alterations on fish communities are smaller. 

In tropical areas, there are records of coral reef fish that can forage on 
zoantharian polyps (Francini-Filho et al., 2010) or that can even feed on 
them (Bonaldo et al., 2005; Francini-Filho and Leão de Moura, 2010). 
However, these functional roles have not been verified among the 
icthyofauna of the Canary Islands. What is more, despite the high 
biodiversity of coastal fish with over 300 species (Freitas et al., 2019), 
many fish families are not present in most the marine ecosystems off the 
Canary Islands (e.g. Acanthuridae, Pomacanthidae or Chaetodontidae). 
Therefore, fish communities of the Archipelago may not be able to 
properly exploit the food resources generated from the prevalence of 
zoantharian-dominated habitats. This would explain that regardless the 
zoantharian species we studied, whenever they spatially dominate the 
habitat, its associated fish community showed a negative impact on 
certain trophic groups. The strength of fish community impacts depen-
ded, however, on the capability of the specific zoantharian species to 
modify the complexity and heterogeneity of the ecosystem. 

The expected increase in zoantharians populations favoured by 
ocean warming and other human impacts (López et al., 2020a; Reimer 
et al., 2021) may generate a new unexploited trophic niche in the Canary 
Islands coastal ecosystems. Given the current trophic structure of fish 
assemblages of the Archipelago and the evolution of a predator-free 
niche, next question arising is whether any species will evolve to fill 

this gap in ecological roles. New species that keep arriving from tropical 
regions favoured by maritime traffic and climate change processes might 
be better armed predators (e.g. Triay-Portella et al., 2015; Falcón et al., 
2015; Pajuelo et al., 2016; Brito et al., 2017). In fact, several species 
have been able to settle stable populations in the last decades. Among 
them, the pomacentrid Abudefduf saxatilis and the pomacanthid Poma-
canthus paru, are cited as zoantharian feeders (Francini-Filho and Leão 
de Moura, 2010). The occurrence of several other species that belong to 
fish families with a high potential to forage or feed on zoantharians such 
as chaetodontids, has also been documented. In this sense, zoantharians 
may offer a positive feedback for invasive tropical species to thrive, a 
potential ecological impact added to the decrease of shallow rocky 
habitats available for most productive macroalgae communities in 
temperate regions. 

This is the first study that demonstrates alterations in native fish 
communities related to the recent proliferation of zoantharian pop-
ulations in a subtropical region, where macroalgae stands are typically 
the main benthic component. We show that the dominance of 
P. caribaeorum and, to a lesser extent, of Z. pulchellus in shallow subtidal 
ecosystems off the Canary Islands modify the trophic structure of local 
fish, which are adapted to forage in the macroalgae canopy. Changes 
here observed might indicate the establishment of a new coastal 
ecosystem structured by zoantharians and driven by rising temperatures 
and human disturbances. However, this scenario raises many questions 
about the magnitude of the upcoming changes and their effects on ma-
rine assemblages. In this sense, our study provides a baseline to keep 
studying the impacts of zoantharian proliferations, not only in the Ca-
nary Islands but in other subtropical transition regions that might also be 
affected. 
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Kaimuddin, A.H., Laë, R., Tito De Morais, L., 2016. Fish species in a changing world: the 
route and timing of species migration between tropical and temperate ecosystems in 
eastern atlantic. Front. Mar. Sci. 3, 162. https://doi.org/10.3389/fmars.2016.00162. 

Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B., 2017. lmerTest package: tests in 
linear mixed effects models. J. Stat. Software 82 (13). https://doi.org/10.18637/jss. 
v082.i13. 
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