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A B S T R A C T   

Mass mortality events involving marine taxa are increasing worldwide. The long-spined sea urchin Diadema 
africanum is considered a keystone herbivore species in the northeastern Atlantic due to its control over the 
abundance and distribution of algae. After a first registered mass mortality in 2009, another event off the coasts 
of Madeira archipelago affected this ecologically important species in summer 2018. This study documented the 
2018 D. africanum mass mortality event, and the progress of its populations on the southern coast of Madeira 
island. A citizen science survey was designed targeting marine stakeholders to understand the extent and in-
tensity of the event around the archipelago. Underwater surveys on population density prior, during and after the 
mass mortality, permitted an evaluation of the severity and magnitude of the event as well as urchin population 
recovery. A preliminary assessment of causative agents of the mortality was performed. The event was reported 
in the principal islands of the archipelago reducing the populations up to 90%. However, a fast recovery was 
registered during the following months, suggesting that the reproductive success was not compromised. 
Microbiological analyses in symptomatic and asymptomatic individuals, during and after the event, was not 
conclusive. Nevertheless, the bacteria Aeromonas salmonicida, or the gram-negative bacteria, or the interaction of 
different types of bacteria may be responsible for the disease outbreak. Further studies are needed to assess the 
role of pathogens in sea urchin mass mortalities and the compound effects that sea urchins have in local habitats 
and ecological functioning of coastal marine ecosystems.   

1. Introduction 

Over the past decades, several mass mortality events across a range 
of marine taxa (e.g., corals, echinoderms, molluscs, turtles) have been 
documented around the globe (Harvell et al., 1999, 2004; Ward and 
Lafferty, 2004; Kim et al., 2005; Jackson, 2008). The frequency and 

severity of disease-related mass mortality events are increasing in ma-
rine organisms (Harvell et al., 1999; Epstein et al., 1996; Hayes et al., 
2001; Lafferty et al., 2004), partly due to climate change, such as ocean 
warming (Harvell et al., 2002), since high temperature influences the 
introduction and propagation of pathogens (Scheibling and 
Lauzon-Guay, 2010; Scheibling et al., 2013). Disease outbreaks and the 
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following associated mortality often have a compound or cascading ef-
fect in local marine habitats and communities (Ward and Lafferty, 
2004), driving persistent ecosystem changes (Hughes, 1994; Mangel and 
Levin, 2005). The length and extent of these ecosystem changes often 
result from how extensive and intense the mass mortality event is, as 
well as on the traits of life history and the ecological roles of the affected 
taxa (Paine et al., 1998). When mass mortality events affect keystone 
species, such as key producers, key herbivores or keystone predators, the 
effects on the community structure and ecosystem functioning can be 
particularly significant (Scheibling et al., 2013; Lessios, 1988; Clemente 
et al., 2014). Sea urchins have an important role in the community 
structure of many benthic coastal habitats worldwide, as they typically 
control the abundance and distribution of algae through their grazing 
activity (Andrew, 1989; Vadas and Hughes, 1990; Vadas et al., 1992; 
Valentine et al., 1997). In tropical regions, an increase in sea urchin 
populations often plays a major role in keeping coral dominated reefs 
from being overgrown by algae. Thus, urchin population die-offs can 
often lead to phase-shifts from coral dominated to algae dominated reefs 
(Hughes, 1994; Lessios, 1988; Carpenter, 1990; Knowlton, 1992). In 
shallow rocky reefs (common in temperate waters), an increase in sea 
urchin population densities often promotes a phase-shift from a domi-
nance of fleshy algae into urchin barrens or barren grounds - overgrazed 
substrates dominated by thin encrusting coralline algae (Scheibling 
et al., 2013; Clemente et al., 2014; Filbee-Dexter and Scheibling, 2014; 
Rodríguez et al., 2017). Clearly, variation in the abundance of sea ur-
chins, such as higher density or mass mortality, cause alterations of 
abundance and composition of algae, followed by changes in community 
species composition (Lessios, 1988; Idjadi et al., 2010). Disease out-
breaks are considered one of the few mechanisms known to cause mass 
mortality in sea urchin populations (Feehan et al., 2012) and the fre-
quency of these events has contributed to the recent characterization of 
echinoderms as a “boom-bust” phylum (Jellett et al., 1988; Birkeland 
et al., 1989; Uthicke et al., 2009). Bacterial infections have been 
described as the cause for different mass mortality events in several sea 
urchin species, including Paracentrotus lividus in the Mediterranean 
(Boudouresque et al., 2007), Strongylocentrotus franciscanus and 
S. purpuratus in the Pacific Ocean (Rogers-Bennett and Lawrence, 2007; 
Jurgens et al., 2015) and Diadema antillarum in the Caribbean. The last 
cited event was the greatest marine animal mass mortality event 
recorded (Lessios, 1988b, 1995) resulting in 93% decline in population 
abundance involving the entire Caribbean area (Lessios, 1988b). In 
2009, similar symptoms of disease were observed in D. mexicanum, 
causing a localized mass mortality along the Pacific coast of Mexico 
(Benítez-Villalobos et al., 2009). In the same year, D. africanum began to 
die-off around the southeast coast of Madeira Island, and the disease 
spread across several islands of Macaronesia (comprised by the island 
systems of Azores, Madeira, Canaries and Cabo Verde), causing massive 
mortality in D. africanum populations of Madeira and Canary Islands 
(Clemente et al., 2014). In the eastern Atlantic, D. africanum is widely 
distributed in the Canary Islands (Casa~nas et al., 1998) and in Madeira 
archipelago (Alves et al., 2001, 2003) where it is recognized as a key 
ecological species, as it is responsible for facilitating the transition from 
macroalgal beds to barren grounds due to its intense grazing activity 
(Alves et al., 2001, 2003; Tuya et al., 2005; Hern�andez et al., 2008; 
Lessios et al., 2013; Cabanillas-Ter�an et al., 2014). Several factors may 
influence sea urchin recovery, including competition (Hagen and Mann, 
1992), resource availability (Menge, 1992), settlement, recruitment 
success (Edmunds and Carpenter, 2001; Miller et al., 2003), predation 
(Dayton et al., 1984; Sala and Ballesteros, 1997) and habitat complexity, 
that facilitates juvenile survival through the provision of shelter from 
predation (Bodmer et al., 2015). Moreover, sea urchin populations are 
subjected to environmental factors and human-mediated environmental 
changes (e.g. ocean warming and acidification) that have the potential 
to influence their recovery and survival, increasing metabolic rates to 
supply higher energetic demands and reducing predator avoidance 
behaviour (Carey et al., 2016; Bodmer et al., 2017; Ohgaki et al., 2018). 

In the Caribbean, populations of D. antillarum failed to recover (Lessios, 
2005) and three decades after the event, populations still had not 
reached their pre-mass mortality densities (Rodríguez-Barreras et al., 
2015a). During the mortality event in 2009 in both Madeira and the 
Canary Islands, part of D. africanum populations survived and demon-
strated a rapid recovery in their abundance, suggesting that in that 
occasion the event did not compromise the reproductive success of the 
species (Clemente et al., 2014). Although Clemente et al. (2014) have 
registered an increase of D. africanum abundance in 2009, the lack of 
pre-mortality data did not allow to determine in detail the extent of 
recovery after the mass mortality event. In the current study, we present 
data on the mass mortality event of D. africanum around Madeira ar-
chipelago during the summer 2018, including a preliminary assessment 
of possible causative agents and analysis of the effect of the die-off on the 
local urchin population and its subsequent recovery. To better under-
stand the effect of the mass mortality on the abundance of natural 
populations of D. africanum, we analysed population density data 
recorded before, during and after the event occurred in 2018. Having 
pre-mortality density values as a baseline, this recent outbreak and 
resulting mass mortality, provided the opportunity to obtain crucial 
information on how an elevated reduction in D. africanum abundance 
affects the continuance of this key herbivore species and to better assess 
the speed of populations recovery. 

2. Materials 

2.1. Study site 

Madeira is a Portuguese archipelago located in the warm-temperate 
waters of the Northeast Atlantic Ocean, at approximately 32� 380 N and 
16� 54’ W and consists of two main inhabited islands, Madeira and Porto 
Santo, and five uninhabited islands (Desertas and Selvagens Islands) that 
form one MPA (Marine Protected Area; Fig. 1). Located within Maca-
ronesia, together with the Azores, the Canary Islands and Cape Verde, 
Madeira is an oceanic archipelago, surrounded by oligotrophic waters, 
where the coastline and shallow waters are dominated by rocky shores 
and reefs (Canning-Clode et al., 2008). 

2.2. Citizen science survey 

In July 2018, signals of a disease outbreak with high mortality of 
D. africanum, was first detected at the south coast of Madeira, near 
Funchal, the capital of the island. To have a perception of the geographic 
extent of the disease and sea urchin mortality, an internet-based survey 
was conducted between the end of July and the beginning of September 
2018. The custom designed survey questionnaire (Supplementary ma-
terial 1), was developed for users to report date, time, location, number 
of dead sea urchins observed (classes 1–5, 6–20, 21–50, 51–100, >100) 
and estimated mortality percentage (classes 1–10%, 11–40%, 41–70%, 
71–90%, >90%), and was widely disseminated in early August 2018 on 
social media platforms and by email to maximize the number of par-
ticipants. Citizens who detected dead D. africanum during SCUBA diving, 
free diving, snorkelling or spearfishing around Madeira archipelago, 
were involved to report data on mortality through a short on-line survey. 
Survey was active for about one month and data was compiled and 
plotted on a map using the sf and ggplot R environment packages 
(Wickham, 2016) to visualize the severity and spatial extent of the 
mortality event. 

2.3. Sea urchin population densities 

To better assess how the disease and subsequent mortality affected 
the populations of D. africanum, two study sites were monitored in the 
Funchal area: Carlton and Palms (Fig. 1). Site selection was based on 
ease of access and on the possibility of conducting density surveys prior 
to any symptomatic individuals had been reported in the area. 
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Monitoring was conducted on six occasions with three replicate tran-
sects at each site. Surveys were performed by scientific divers, before 
(T0; August 8, 2018), during (T1; 28/30 August 2018) and after (T2-T5; 
respectively October 17, 2018, November 8, 2018, January 15, 2019 
and March 19, 2019) the mass mortality event. During surveys, 
D. africanum individuals were counted over rocky substrate along 50 �
4 m transects parallel to the coastline at depths between 9 and 11 m. All 
crevices and small holes were carefully inspected to avoid missing any 
individuals. The numbers of dead/symptomatic individuals with major 
loss of spines (Fig. 2) and asymptomatic sea urchins were recorded for 
each sampling replicate and at each survey time. 

2.4. Statistical analysis 

In order to compare the population density distribution between the 
two monitored sites, a two-sample Kolmogorov-Smirnov test was 
initially performed. Following, data from both sites were merged into a 
single time series data set. One-sample Kolmogorov-Smirnov’s was used 
to test data normality and the Levene’s test was used to assess variance 
homogeneity. Kruskal-Wallis (K–W) test was used as a robust nonpara-
metric alternative to ANOVA for the data that did not assume normal 
distribution. ANOVA and K–W were used to test: i) overall differences 
between sites and among times, and; ii) a pairwise comparisons between 
consecutive times and between T0 and all other times. In particular, 
K–W was used to compare mean population density between sites and 
among different sampling times, and in the pairwise comparisons be-
tween T0 vs T1 and T0 vs T2. All analyses were performed using PASW 

Statistics v22.0. 

2.5. Pathogen assessment 

In an attempt to identify the pathogen potentially responsible for the 

Fig. 1. Madeira archipelago location, monitoring study sites (PA-Palms and CA-Carlton) and extent of the disease outbreak. Circles in the map represent estimated 
mortality (circles size) and number of dead sea urchins (colour) reported by citizen surveys. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 2. Symptoms of a diseased Diadema africanum recorded during the mass 
mortality of 2018 in Madeira. Photo credit: Susanne Sch€afer. 
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mass mortality event, samples for microbiologic analysis were collected 
during the peak of the event (September 3, 2018) and approximately 3 
months after (November 27, 2018). During the mortality event, both 
symptomatic and asymptomatic sea urchins (10 adult individuals of 
each) were collected by SCUBA diving at depths between 9 and 11 m. 
Sea urchins showing evident loss of spines were identified as symp-
tomatic (Fig. 2). After a three-month period, and with no further reports 
of on-going mortality or symptomatic sea urchins, 10 additional in-
dividuals (asymptomatic) were collected for comparison with prior 
collected samples. The coelomic fluid of each collected individual was 
sampled in situ by inserting a sterile needle through the peristomal 
membrane and withdrawn into a sterile syringe. Samples (approxi-
mately 1 ml/individual) were transferred to a sterile vial and trans-
ported in a cooler to the veterinary lab where the samples were 
immediately processed for bacteriological screening. Coelomic fluid 
samples were dissolved in a saline solution and incubated for 48 h in 
cultivation chambers at ambient temperature. Grown bacteria colonies 
were isolated, gram coloured and bacteriologic activity was assessed by 
catalase, coagulase and oxidase, followed by species phenotypic iden-
tification (Castro-Escarpulli et al., 2015). For the first sampling, due to 

concerns regarding total volume of coelomic fluid collected per indi-
vidual, samples were pooled into 2 sets of 5 individuals for both 
symptomatic and asymptomatic groups. For the second sampling, with 
knowledge from the previous assessment, pooled coelomic solutions 
were analysed in 5 sets of 2 individuals. 

3. Results 

3.1. Citizen survey 

Twenty-three stakeholders participated in the on-line survey be-
tween August 1st and September 3rd, 2018, filling a total of 44 ques-
tionnaires, from which 42 (39 from Madeira, 2 from Porto Santo and 1 
from Desertas Islands) were taken in consideration after validation (i.e. 
exclusion due to lack of information). The outbreak was spread out 
along all the south coast of Madeira, including the west and east coasts of 
the island (Fig. 1). The reported number of dead sea urchins ranged from 
1 to 5 to >100 while the reported percentage of mortality ranged from 1 
to 10% to >90% (Fig. 1). The most frequent class reported were >100 
dead individuals and the most frequent percentage ranges were 11–40% 

Fig. 3. Effects of the 2018 disease outbreak in Diadema africanum: a) percentage of symptomatic sea urchin D. africanum in Carlton (CA) and Palms (PA) during the 
mass mortality event (T1). b) fluctuation in average relative abundance (dashed lines, left y axis) and D. africanum population density (box plot, right y axis) in 
Funchal (both sites). Box plot with median (solid horizontal line), first and third quartiles (box outline), minimum and maximum values (whiskers) and outlier (dot). 
Mass mortality period (T1) highlighted in dark grey. 
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and 71–90%. The results of the on-line survey are shown in the map 
(Fig. 1). 

3.2. Sea urchin population densities 

Dead or symptomatic animals were only found during the mortality 
event (T1) and both, Carlton and Palms study sites had comparable 
mortality rates (Fig. 3a). The symptoms of the disease presented a pro-
gressive deterioration of the epidermis of the body wall and loss of 
spines (Fig. 2). Population densities and their distributions were ho-
mogeneous between the two selected sites (Kruskal-Wallis test, p ¼
0.496; Two-sample Kolmogorov-Smirnov test, p ¼ 0.270), permitting to 
merge the data from the two sites to perform subsequent analysis. 
Overall fluctuation in relative abundance was plotted assuming T0 
(prior to reports of mortality) as a starting point (Fig. 3b). Population 
density was different among sampling times (Kruskal-Wallis test, p ¼
0.034). In particular, different sea urchin densities occurred between T0 
and T1 (Kruskal-Wallis test, p ¼ 0.016), between T1 and T2 (ANOVA, p 
¼ 0.045), and between T0 and T2 (Kruskal-Wallis test, p ¼ 0.004), with 
a total mean decrease of 90% in sea urchin relative density within this 
period (T0 – T2) (Fig. 3b). Two months after the mass mortality event 
(T3) sea urchin population recovered up to 42% of pre-mortality levels 
and reached 65% of pre-mortality density after 6 months from the event 
(T5; Fig. 3b). 

3.3. Pathogen assessment 

The bacteriologic analysis revealed in all samples of both sampling 
periods the presence of several bacteria taxa in the coelomic fluid, 
including Aeromonas, Sphingomonas, Pasteurella, Brevundimonas, Borde-
tella and non-identified β-hemolítica colonies (Table 1). In the first 
sampling event, the species Aeromonas salmonicida and Sphingomonas 
paucimobilis were found in both symptomatic and apparently healthy sea 
urchins, but only the symptomatic group presented an unidentified 
β-hemolitic (gram-negative) bacteria species. For the second sampling 
period, the analysis revealed the presence of A. salmonicida, in all five 
groups analysed. Moreover, Pasteurella spp, Brevundimonas vesicularis 
and Bordetella hinzii were found in one of the five sets (Table 1). 

4. Discussion 

This study showed a comprehensive analyses on the summer 2018 
mass mortality event affecting the sea urchin D. africanum populations in 
the Madeira Archipelago. The first recorded mortality event was 
detected in October 2009 and caused a widespread mass mortality of 
D. africanum from Madeira (Portugal) to the Canary Islands (Spain), 
covering an area of more than 400 km and resulting in about 65% 
overall reduction of urchin abundance (Clemente et al., 2014; Hern�an-
dez et al., 2013). However, in that first study the scarcity of 
pre-mortality data prevented an in-depth analysis of the incidence and 
severity of the disease outbreak in local populations, leaving the impact, 

the recovery and the stability of the system largely unknown. Part of 
these queries was resolved in the present study by reporting data on the 
sea urchin population densities prior to, during, and following the 
mortality event, permitting to better assess the effects of severe popu-
lation reduction and measure crucial information on the recovery dy-
namics of D. africanum affected by a mass mortality event. This latest 
mass mortality was first detected in Madeira archipelago in early August 
2018 and lasted until late September 2018, affecting the main island, 
Porto Santo and Desertas (Fig. 1). Apparently, this disease outbreak of 
D. africanum was not exclusive to Madeira in 2018, as media reports 
highlighted a similar phenomenon occurring in the neighbour Canary 
Islands 

(https://www.canarias7.es/siete-islas/el-erizo-diadema-fulminado- 
de-los-fondos-BE5251751; last accessed date was August 01, 2019). 
During this event, anomalous accumulations of moribund sea urchins 
and dead individuals were reported along the coasts of the Madeira 
islands showing disease symptoms similar to those previously reported 
during other mass mortality events in the eastern Atlantic and other 
areas of the world (Clemente et al., 2014; Benítez-Villalobos et al., 2009; 
Scheibling and Stephenson, 1984; Gilles and Pearse, 1986; Rob-
erts-Regan et al., 1988; Girard et al., 2012). In Madeira, the 2018 disease 
outbreak resulted in a major drop of the population density with a mean 
decrease of ~90% from pre-mortality values (Fig. 3b). The most 
examined sea urchin mass mortality event occurred in 1983 in the 
Caribbean (western Atlantic), resulting in a 93% decline in abundance of 
D. antillarum (Lessios, 1988, 1995), and represented one of the largest 
documented mass mortalities of marine organisms (Lessios, 1988b). The 
recovery process from this large mass mortality event in the Caribbean 
was slow and spatially patchy (Weil et al., 2005; Miller et al., 2007; 
Levitan et al., 2014; Rodríguez-Barreras et al., 2015b; Lessios, 2016). 
Two years after the mass mortality, sea urchin population densities in 
Barbados had only recovered to 37% of their pre-mortality levels (Hunte 
and Younglao, 1988). After nearly twenty years, populations at St. Croix 
(US Virgin Islands), Curaçao and Panama still struggled to recover, 
reaching no more than 9.6% of their pre-mortality values (Miller et al., 
2003; Lessios, 2005; Debrot and Nagelkerken, 2006). Thirty years after 
the die-off, D. antillarum population still had not recovered its pre-mass 
mortality densities (Rodríguez-Barreras et al., 2015a) and due to the 
decrease in grazing activity, the degradation of Caribbean coral reefs 
continues, promoting a phase-sifts to algal dominated reefs (Hughes, 
1994; Lessios, 1988; Carpenter, 1990; Knowlton, 1992; Beck et al., 
2014). The lack of recovery of D. antillarum populations may result from 
a combination between low recruitment rates and intense predation, 
compromising the survival of young sea urchins (Rodríguez-Barreras 
et al., 2015a, 2015b). The present study showed that the recovery of 
D. africanum was much faster than the one of D. antillarum in the 
Caribbean. Only six months after the event, D. africanum densities had 
already increased their mean value up to 65% of pre-mortality levels 
(Fig. 3b), suggesting that the reduction in density did not compromise 
the local reproductive success of the species. D. africanum has a clear 
recruitment pattern, with maximum spawning during the period be-
tween June and August (Hern�andez et al., 2011) and a main peak of 
recruitment between September and November (Hern�andez et al., 2010; 
García-Sanz et al., 2014). Diadema has a fast growth rate in the initial 
phase post-recruitment, reaching a rate of 5 mm in diameter per month 
(Ogden and Carpenter, 1987). The mass mortality occurred between 
August and September, closely after the maximum spawning period. The 
great reproductive potential of the species (Hern�andez et al., 2011), 
together with the possibility of recruitment from larvae that were in the 
water while the adults were dying, may have played a key role in the 
observed short-term population recovery. However, since only 
populations at depths of 9–11 m were sampled and the overall estimated 
mortality rates were obtained by the citizen surveys and were quite 
variable around the island, the existence of refugee populations at other 
depths and/or from non-surveyed sites may have also had a contribution 
on the observed recovery. Despite the limitations inherent to citizen 

Table 1 
Bacteria colonies identified in coelomic fluid samples collected during and after 
the mass mortality event (3 September and 27 November, 2018 respectively).  

Date Status N Species identified 

3 September Symptomatic 10 (2 groups of 5) Aeromonas salmonicida 
Sphingomonas paucimobilis 
β – hemolitic  
(gram-negative) 

3 September Asymptomatic 10 (2 groups of 5) Aeromonas salmonicida 
Sphingomonas paucimobilis 

27 November Asymptomatic 10 (5 groups of 2) Aeromonas salmonicida 
Pasteurella spp 
Brevundimonas vesicularis 
Bordetella hinzii  
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science approaches, the web-based survey still provided valuable in-
formation on how widespread the disease outbreak was and gave a 
general perception of the severity of the mass mortality in the islands 
population of D. africanum. Together with the population density sur-
veys, this information allows researchers to identify areas of interest for 
future investigation, and further examination of how high mortality and 
subsequent recovery may potentially affect algal cover (i.e. increase in 
algal cover due to reduced grazing and low number D. africanum). In 
addition to providing core information on the extent, severity and re-
covery of D. africanum populations, this study also provided a pre-
liminary assessment on the possible causative agents of the 2018 mass 
mortality event. The occurrence of bacteria in the coelomic fluids in all 
the sets of individuals analysed, suggested that at least one bacterial 
pathogen was responsible. Healthy sea urchins typically present de-
fences against bacteria, including internal fluids with bactericidal 
properties (Wardlaw and Unkles, 1978; Turton and Wardlaw, 1987) and 
coelomocytes with phagocytizing activity that maintain the coelomic 
fluid sterile (Wardlaw and Unkles, 1978; Bang and Lemma, 1962; Smith 
et al., 1981). Bacterial infections are one of the most frequent reasons for 
mass mortalities in several sea urchin species. Mass mortality events 
associated with bacterial infections have been previously reported in 
Strongylocentrotus franciscanus, S. purpuratus (Richards and Kushner, 
1994), S. droebachiensis (Jellett et al., 1988), (Pearse and Hines, 1979; 
Miller and Colodey, 1983; Scheibling et al., 1999), P. lividus and 
D. mexicanum (Feehan and Scheibling, 2014). The 2009 mortality event 
of D. africanum in the eastern Atlantic (Canary Islands and Madeira 
Islands) was associated with a bacterial disease, in particular the 
opportunistic gram-negative bacteria Vibrio alginolyticos was identified 
as being responsible (Clemente et al., 2014; Reilly et al., 2011). In the 
present study, unidentified gram-negative bacteria (like V. alginolyticus) 
were found in the coelomic fluids of symptomatic D. africanum. Addi-
tionally, all pooled sets of coelomic fluids (during and after the mass 
mortality), showed the presence of Aeromonas salmonicida. Bacteria of 
the genera Aeromonas are commonly identified in the coelomic fluid of 
infected sea urchins (Unkles, 1977), and there are evidences that 
A. salmonicida is a causative agent for the bald-sea-urchin disease in 
S. purpuratus (Gilles and Pearse, 1986). Our findings are supported by 
previous studies (Gilles and Pearse, 1986; Unkles, 1977) and suggest 
that the gram-negative bacteria (like V. alginolyticus) and/or the 
A. salmonicida could be responsible for the 2018 mortality in Madeira 
archipelago. In fact, sea urchins’ disease outbreaks can be associated to a 
large spectrum of opportunistic bacterial families (Becker et al., 2008) 
and are often triggered by shifts in environmental conditions, such as 
temperature, salinity or pH, favouring the spread of the infectious agent 
and influencing how and to what extent the disease affects a population 
(Harvell et al., 1999; Girard et al., 2012). Temperature, for example, has 
a key role in regulating the transmission and development of bacteria in 
sea urchins (Scheibling and Stephenson, 1984; Jellett and Scheibling, 
1988), and the peak of disease outbreaks often overlap with peaks in sea 
surface temperatures (SST) (Scheibling and Lauzon-Guay, 2010; Feehan 
et al., 2012; Scheibling and Stephenson, 1984; Miller and Colodey, 
1983). The mass mortality event in Madeira also supports this pattern, as 
it started in early August and lasted until the end of September (the 
period when SST reaches its higher values in Madeira (Martins et al., 
2007)). This may indeed explain why both, symptomatic and asymp-
tomatic individuals presented A. salmonicida in their coelomic fluids. 
In-depth microbiological studies are necessary to better understand the 
mechanisms of the bacterial infections in sea urchins and comprehend 
how other variables, such as changes in environmental conditions (e.g. 
temperature), may influence the disease expression. Further research is 
essential to validate our hypothesis and to predict real impact on the 
coastal benthic ecosystem in face of climate change. Finally, proper 
management of D. africanum abundance on the temperate rocky sub-
strates of Madeira is recommended to prevent unfavourable ecosystem 
changes. 

5. Conclusions 

This study took an important step towards understanding the effects 
of a disease outbreak, mass mortality and recovery of populations of 
D. africanum, a major grazer and keystone species in rocky habitats in 
sub-tropical Northeast Atlantic islands. Unlike the late 90s mortality 
event of D. antillarum in the Caribbean, D. africanum in this study had 
shown a recovery to over 60% in about 6 months, suggesting: i) that 
reproduction and recruitment have not been compromised by the 
massive die-off; and/or ii) the existence of refuge populations. The im-
plications of the decrease in population density following the disease 
outbreaks from 2009 to 2018 are still not fully understood. Further 
research and continued monitoring will be required to better understand 
the control mechanisms involved and how these will cope with 
increasing pressure from climate change to better predict likely sce-
narios and design conservation and habitat restorations strategies. 
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