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Abstract  

Metamorphosis induction cues (by chemical mediation or direct contact) were tested in 

Paracentrotus lividus using three different macroalgae treatments: Corallina sp., 

Palmaria palmata and Laminaria digitata. Higher percentages of metamorphosis were 

reached in Paracentrotus lividus larvae by direct contact with a Palmaria palmata 

substrate. 

Key words: Corallina sp.; Laminaria digitata; macroalgae; Palmaria palmata; 
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Introduction 

World sea urchin fisheries have declined due to overexploitation (Conand and Sloan 

1989; Kalvass and Hendrix 1997; Andrew et al. 2002). Today, aquaculture is the only 

realistic way to meet the increasing demand and the best way of protecting these species 
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in the wild, which are important determinants of structure in benthic macrophyte 

communities (Harrold and Pearse 1987; Valentine and Heck 1991; Barillé-Boyer et al. 

2004; Pearse 2006). In Europe, Paracentrotus lividus is the most consumed sea urchin 

species (Boudouresque 1987; Cook and Kelly 2009; Boudouresque and Verlaque 2013; 

Carboni et al. 2014) but its aquaculture remains anecdotal (FAO 2016). In fact, despite 

numerous studies conducted on the aquaculture of this species, many aspects still require 

investigation to enable the sustainable development of this activity in Europe. 

Settlement and metamorphosis are critical steps in the Paracentrotus lividus life cycle in 

aquaculture as well as in the natural environment with a mortality rate reaching almost 

99% in the wild (Boudouresque and Verlaque 2013). In particular, it appears that the 

nature of the substrate is crucial for larvae recruitment (Cameron and Schroeter 1980; 

Pearce and Scheibling 1990). Previous studies have shown the inductive effect (by direct 

contact and/or chemical mediation) of a macroalgae substrate on the onset of 

metamorphosis in competent larvae of sea urchins: brown algae, non-coralline red algae 

and coralline red algae (Pearce and Scheibling 1991; Gosselin and Jangoux 1996; 

Hadfield and Paul 2001; Li et al. 2004). 

Although coralline red algae provide the highest metamorphosis rate for sea urchins, these 

species are not suitable for farmers (small size, low biomass, difficult to harvest). In the 

context of the sustainable development of echinoculture in France, species abundant in 

the study area and used in sea urchin adult nutrition could be profitable for sea urchin 

farmers as settlement and metamorphosis inducers. Palmaria palmata and Laminaria 

digitata appear to be good candidates (Basuyaux and Blin 1998; Cook and Kelly 2007; 

Cook et al. 2007). Moreover these two species have shown a potential in the induction of 

Strongylocentrotus droebachiensis metamorphosis (Pearce and Scheibling 1991). 
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The aim of this study was to investigate the inductive effect on the metamorphosis of P. 

lividus larvae of these three macroalgae: P. palmata, L. digitata and Corallina sp. as a 

reference species. Two different experiments were carried out in order to test this 

induction by direct contact and chemical mediation or by chemical mediation only. 

Materials and Methods 

Larvae of P. lividus were raised in the Benth’Ostrea Prod aquaculture farm (Bouin, 

Vendée, France). They were fed on a combined diet consisting of three microalgae 

species: Isochrysis aff. galbana (clone T-ISO), Rhodomonas sp. and Dunaliella 

tertiolecta. Throughout the cultivation period, larvae were stored at a density of 1 per ml 

for the first 17 days, then at 0.5 per ml until day 20. Rearing was carried out in 2-m3 

conical PVC tanks in aerated seawater in continuous dark. A complete water exchange 

and thorough cleaning of the tanks was carried out every day. Twenty days after 

fertilisation, when most larvae were competent, they were transferred to the laboratory 

prior to experiments. 

The macroalgae P. palmata (treatments P1 and P2), Corallina sp. (C1 and C2) and L. 

digitata (L1) were collected in May 2016 from the intertidal zone in Batz-sur-Mer, France 

(47°16’40.9’’N 2°29’39.8’’W), rinsed with filtered seawater and cleaned of epibionts and 

debris. 

Batches of fifty competent larvae were transferred into sieves (8-cm high and 5-cm 

diameter sieves with a bottom mesh of 200 µm). The sieves were then placed 1.5 cm 

above the bottom of the tanks (25 x 15 x 10 cm). Larvae were fed with D. tertiolecta (8 x 

104 cells/larvae day-1) from the Nantes Culture Collection (NCC WDCM 856 from the 

Mer-Molécules-Santé Laboratory, Nantes, France). Flow-through seawater used 

throughout the process was filtered (5 µm), UV treated and maintained at 20.6 ± 1.1 °C, 



4 

 

pH of 8.1 ± 0.1 and salinity of 33.1 ± 0.9 (mean ± S.D.) . As settlement cannot be directly 

observed, fixation was assessed by measuring the metamorphosis rate. 

To test the chemical mediation, a first experiment (Fig. 1) was carried out by rearing 20 

day-old larvae in macroalgae-conditioned seawater with an experimental design adapted 

from (Grosjean 2001). Macroalgae (“metamorphosis stimulating factors”, MSF), cut into 

thalli of 2.5 ± 0.1 g were placed in the tanks but outside the sieves. Four conditions were 

tested in triplicate: P. palmata (treatment P1), Corallina sp. (C1), L. digitata (L1) and a 

negative control (without algae). After three days, metamorphosis was only observed in 

C1 (first metamorphosed larvae appeared at day 2) and at a very low rate (< 6.5%; Fig. 

2). Consequently, we decided to continue the experiment with a higher dose of MSF, 

which was doubled to 5 ± 0.1 g in all the treatments.  

To test the metamorphosis inductive effect of macroalgae in direct contact with larvae, a 

second experiment was carried out on 26 day-old larvae (Fig. 3). For this experiment, this 

work focused on P. palmata treatment (P2), given its common use among farmers and its 

easier harvesting, in contrast with a Corallina sp. treatment (C2; positive control) and an 

negative control (without algae). The MSF (2.5 ± 0.1 g) was placed between two meshes 

in direct contact with larvae. This method enabled the larvae to remain in contact with the 

substrate and to be separated when larvae and juveniles were located and counted, thus 

reducing manipulations that are stressful for the larvae and time-consuming ((Pearce and 

Scheibling 1991).  

In both experiments, the percentage of metamorphosed larvae and the survival rate were 

determined every 24 h in the sieves for all treatments and the control. The control without 

algae was used to estimate the percentage of larvae undergoing spontaneous 

metamorphosis. Experiments were conducted until the metamorphosis rate reached 90% 

in at least one of the batches (Figs. 2 and 4). 
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Statistical analyses were performed using the SigmaPlot® 9.0 software. Data were tested 

for normality prior to analysis and differences were then tested using a one-way ANOVA 

test. When the normality test failed, a Kruskal-Wallis one-way analysis of variance on 

ranks was used. Tukey’s multiple comparisons test was carried out when significant 

differences (P < 0.05) were determined. Moreover, the survival rate in the two 

experiments was compared by a two-way analysis of variance. 

Results and Discussion 

In the first experiment, metamorphosis was observed in all treatments, but it was 

necessary to double the amount of MSF (Fig. 2). The metamorphosis rate was 

significantly higher in treatment C1 until day 5 (P < 0.001). Note that for treatments C1 

and L1, metamorphosed larvae appeared earlier (day 2 and day 4, respectively) than in 

the control (day 5). In treatment P1, the first metamorphosed larvae appeared at the same 

time as in the control but at a higher percentage (28.13 ± 4.42%). On day 6, no significant 

difference was observed between the three treatments and the control. However, although 

not statistically supported, percentages for the three treatments were always higher than 

the control, with a maximum obtained by treatment C1 (86.05 ± 9.30%). These results 

indicate metamorphosis stimulation by macroalgae, which could be used to reduce the 

duration of this step of the rearing cycle. The results for Corallina sp. are comparable to 

those found by Grosjean et al (1998) using living Corallina elongata (80.4% 

metamorphosis rate). For L. digitata, Gosselin and Jangoux (1996) did not observe any 

induction effect in larvae, perhaps due to the shorter duration of their experiment (24 h). 

Concerning P. palmata, to our knowledge, this treatment has never been tested without 

direct contact.  

The second experiment was carried out with half the amount of MSF compared to the 

first one (2.5 ± 0.1 g). In this additional test, the metamorphosis rate reached 72.27 ± 
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18.47% for larvae in treatment C2 and 57.19 ± 6.34% for P2 in one day (Fig. 4). 

Metamorphosis rates for treatments C2 (79.06 ± 18.47% and 90.09 ± 6.18% for days 2 

and 3) and P2 (84.48 ± 3.40% and 93.48 ± 5.91 for days 2 and 3) were always significantly 

different (P < 0.001) from the control (0%, 6.79 ± 6.58% and 13.55 ± 7.78% for days 1, 

2 and 3) but no differences were found between C2 and P2 (Fig. 4). This result indicates 

that the direct contact between larvae and the MSF causes an immediate effect on the 

metamorphosis rate, regardless of which algae are used and with a smaller amount of 

MSF, enabling the optimisation of this phase of sea urchin rearing. Direct contact seems 

crucial, but this result does not exclude the possibility that the induction of metamorphosis 

is due to chemical mediation and could be explained by a higher concentration of 

metabolites in the sieves (Hadfield and Paul 2001). Similarly, previous studies observed 

a metamorphosis induction effect by metabolites present in the Rhodophyta Delisea 

pulchra (Swanson et al. 2004, 2012), the algal host of the sea urchin Holopneustes 

purpurascens. Additional investigations could be carried out to determine the P. palmata 

metabolites involved in the induction of P. lividus metamorphosis observed in our study. 

The results obtained in the present work confirm that coralline algae in contact with larvae 

lead to high metamorphosis rates, as already highlighted by previous studies (Pearce and 

Scheibling 1990, 1991; De la Uz et al. 2013). However, in their study, Pearce and 

Scheibling (1991) did not observe high values for larvae of Strongylocentrotus 

droebachiensis treated with P. palmata. It seems that the induction of sea urchin 

metamorphosis is not only macroalgae species-dependent but also sea urchin species-

dependent. 

The higher metamorphosis rates obtained when algae were in contact with larvae could 

also be linked to the presence of microbial biofilms on the algae surface (Dworjanyn and 

Pirozzi 2008; Orvain et al. 2015). Indeed, natural biofilms are also widely used in P. 
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lividus metamorphosis induction (Gosselin and Jangoux 1996; Liu et al. 2007; De la Uz 

et al. 2013; Brundu et al. 2016) as well as diatom-based biofilms (Rial et al. 2018; Zupo 

et al. 2018). Further research could also be done in this way. It would be interesting to 

investigate what type of biofilms naturally colonize the algae used in this study, isolate 

them and test their effectiveness as a metamorphosis inducer. 

Survival results were significantly higher (P < 0.05) in the macroalgae-conditioned water 

system, compared to the second experiment. Survival rates in treatments P1 (96.7 ± 

3.06%) and P2 (73.3 ± 16.04%) were not significantly different from survival in 

treatments C1 (94.7 ± 2.31%) and C2 (70 ± 25.06%) (Fig. 5). According to Grosjean et 

al (1998), the survival of post-larvae settled on a correct substrate must be around 80% 

(immediately after settlement) for a profitable industrial production. In experiment 2, this 

threshold was not reached because of a high variability. However, the survival rate of at 

least one of the batches reached 90% with P. palmata and 94% with Corallina sp., 

showing a great potential of this method. Lower survival rates observed in some of the 

batches in experiment 2 could be explained by a poorer water circulation in the sieves 

caused by the clogging of the mesh by algae. This problem could be associated with the 

laboratory scale of the experiment and the need to separate larvae and substrate for the 

counting of larvae every day. At an industrial scale, clogging will be reduced by adding 

algae directly in contact with larvae in the same mesh because no counting is necessary 

until larvae are easy to observe (above 3-5 mm in diameter) despite the presence of the 

substrate.  

Conclusion 

The present study shows that the greatest percentages of metamorphosis can be reached 

in Paracentrotus lividus larvae when they are treated by direct contact with a 

“metamorphosis stimulating factor”, which could be the red macroalgae Palmaria 
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palmata, one of the most common sources of food for sea urchin adults (Vadas et al. 

2000; Cook and Kelly 2007; Boudouresque and Verlaque 2013) and the most used in the 

area of this study by grazer invertebrate farmers such as sea urchin or abalone (García-

Bueno et al. 2016). This method could be viable and profitable for optimising the hatchery 

production of Paracentrotus lividus. However, chemical mediation cannot be excluded 

from the effect of Palmaria palmata direct contact. Although direct contact appears 

essential, further research must be carried out to determine the Palmaria palmata 

metabolites involved in the induction of metamorphosis or the presence of a microbial 

biofilm associated with it surface. 
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