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Abstract

There are only a few studies that describe the larval development of Echinaster or

aspects on culture systems for the genus. For starfishes, the choice of suitable

substrates has received special attention since it could influence the acid–base

balance of the water, movement capacity and predation rate. The objective of this

study was to evaluate the ideal food‐related substrate for the rearing of juvenile

Echinaster brasiliensis. A batch of fertilized eggs released in spontaneous spawning was

collected and kept in a plankton‐kreisel until metamorphosis. Data on preference of

food‐related substrate was recorded for 10 weeks from day 58 post‐release. From

release to 132 days old, arm length increased from 0.81mm to 1.31 ± 0.03mm.

Considering the sudden increase in arm length (AL), it was estimated that feeding

started around 40 days of age. Regarding food‐related substrate preferences, biofilm

grown on “rocks” showed a significant difference among other treatments, adding up

to 50% of preference (p < .05). For sponge and biofilm from bio media, there was no

statistical difference for the whole period. In this study, sponges showed to be the

least preferred food‐related substrate for post‐settlement juveniles. Considering that

Echinaster and other starfish are commonly maintained on a diet of collected or

cultured sponges, difficulties in sourcing a ready supply throughout the year represent

limitations to their sole use within commercial or laboratory‐scale production. In this

sense, the use of biofilm from biological media for the feeding of juvenile starfish is

not yet reported in the literature and showed to be an easy and promising option.
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1 | INTRODUCTION

The starfish Echinaster (Othilia) brasiliensisMüller & Troschel (1842) can be

found from Cabo Frio in Brazil, to the Gulf of San Matias, Argentina

(Seixas et al., 2019). The species inhabits a range of ecosystems, including

coral reefs, sand and rocky bottoms, shallow zones, intertidal pools and

estuaries (Patrizzi & Dobrovolski, 2018; Pereira et al., 2021). Although

listed as “low concern” on the official Red List of Threatened Species of

Brazil, anthropogenic pressure such as habitat destruction, pollution,

climatic changes and illegal trade has been threatening the stability of

natural populations (Amaral & Leite, 2008; Gurjão & Lotufo, 2018; Patrizzi

& Dobrovolski, 2018). In a general context, starfishes play a major role on

the community assemblage of the rocky intertidal ecosystem through

top‐down control, being crucial in the biological control of mussels,
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barnacles, and algae (Kay et al., 2019). In public aquariums, it is common

for the class Echinodermata to be addressed in a collaborative approach

to recognize, promote and bolster conservation efforts for those species.

In this sense, the Ubatuba Aquarium promotes activities that aim to

explore this group of animals with visitors, housing the first touch pool in

Brazil, allowing the interaction with echinoderms and other taxonomic

groups for educational purposes (Gomes Biondo & Oliveira, 2021).

Nonetheless, fish stocks, as well as marine invertebrates are often

sourced from the ornamentals trade, where 90% of species are still

harvested from the wild (Buckley et al., 2018).

From a conservation point of view, research, conservation, and

education are needed for the responsible management of wild and

threatened species (Buckley et al., 2018). Thus, maintaining self‐

sustaining populations through captive breeding is one conservation

measure public aquariums are striving to achieve (Che‐Castaldo

et al., 2021; Powell, 2019). For echinoderms, there are a number of

studies on larval development in controlled environments (Laguerre

et al., 2020; Murabe et al., 2021; Rahman et al., 2012). However,

although the number of cultured species available for the aquarium

trade has been slowly increasing in the past few years, cultured

specimens currently offered are not enough to fulfill the growing

demand in this industry (Olivotto et al., 2011).

Regarding culturing systems, the choice of suitable substrates has

received special attention in aquaculture studies, including protocols

developed for starfishes. The literature shows that the substrate can have

a significant impact on the performance of aquatic organisms once it

could influence the acid–base balance of the water and the availability of

calcium and magnesium (Pieroni et al., 2021; Wong & Barbeau, 2003).

The survival and performance of the Pacific shrimp (Litopenaeus

vannamei), for example, were increased with the use of substrates (Zhang

et al., 2010). Yet, the type of substrate influenced the movement of the

starfish (Acanthaster cf. solaris), which showed greater adaptation to the

sand substrate (Pratchett et al., 2017). Moreover, for seastars substrate

choice is often associated to food availability and might yet influence on

movement capacity and predation rate, which tends to decrease with

increasing particle size (Pratchett et al., 2017; Wong & Barbeau, 2003).

Hence, it is expected that juvenile starfish show a preference for small

particles’ substrate, specifically those that allow feeding with less effort.

Considering that there is not much data available on culturing

systems for captive‐born Echinaster brasiliensis, the aim of this work was

to evaluate the ideal food‐related substrate for the rearing of juveniles of

the species. Based on the eating habits of starfish, our hypothesis is that

the treatment with biofilm grown on rocky substrates influences the

productive performance of the aquatic organism evaluated.

2 | MATERIALS AND METHODS

Under governamental approval (SMA/0000022289/2021), 15 adult

specimens of Echinaster brasiliensis (6.4 ± 0.9 cm of ray length) were

collected by snorkeling on the coast of Ubatuba, São Paulo

(23.4515°S, 45.0468°W) (Figure 1). Seastars were transported in a

plastic box with the aid of a portable aerator and directed to the

laboratory of the Ubatuba Aquarium.

Although seastar spawning can be artificially induced (Metaxas

et al., 2002; Pernet et al., 2017), natural spawning is common after

stress events (Caballes & Pratchett, 2017). Considering that collec-

tion, transportation, and acclimation might act as major stressors for

the specimens, spontaneous spawnings were expected. Thus, the

holding tank for the adult individuals operated without filtering to

avoid damage to possible eggs. The system consisted of a 150 L

polyethylene tank in an air‐conditioned environment with room

temperature kept at 24°C. Natural sea water was used and

maintained at a salinity 28–32 ppt and pH 8.1.

Seastars were not fed as the offering of food items would

compromise water quality in a static system and adult E. brasiliensis

are capable of feeding on biofilm when no supplemental food is

offered (Pereira et al., 2021). Water parameters were monitored on

alternate days. Full water exchanges with pre‐acclimated water were

conducted daily to maintain water parameters at optimal levels.

Spontaneous spawning was observed after 3 days.

We transferred the fertilized eggs to a culture system, in which we

used an adapted protocol for planktonic larvae. Fertilized eggs were

transferred to a plankton‐kreisel submerged in a larger aquarium to

allow the inclusion of a life support system with no harm to the eggs.

The system added up 30 L of seawater equipped with a skimmer and

hang‐on filter. Parameters were monitored weekly and kept at a

temperature 24°C, pH 8.1, and salinity at 30 ppt. We conducted water

exchange twice a week, with the addition of 2mL of sodium

bicarbonate, calcium, and magnesium chloride solutions aiming to

F IGURE 1 Oral (right) and aboral (left)
view of adult specimens of Echinaster
brasiliensis collected for the study. [Color
figure can be viewed at
wileyonlinelibrary.com]
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keep optimum levels of alkalinity (7KH) and available minerals for

calcification (450 ppm of Ca and 1350 ppm of Mg).

Larvae were maintained in suspension by a light air flow in the

culture system for approximately 30 days. All individuals were kept in

the same aquarium, which was adapted to the needs of each

developmental stage. Considering that species of the genus Echinaster

typically have lecithotrophic larvae — a mode of embryonic develop-

ment in which the egg yolk stored provides all the nourishment

required by the larvae until a certain point of development, even after

hatch — no feeding was required in this phase until complete

metamorphosis (Lopes & Ventura, 2016; Pereira et al., 2021).

After settlement, from a total of 60 juveniles, a mean of 10

individuals was measured in opportunistic intervals, at 17, 44, 60, 108,

and 132 days post‐release. Juveniles were measured by recording the

length of “ray” or “arm length” (AL) and the total “arm‐to‐arm” length (TL)

by a calibrated scale in ImageJ software (Schneider et al., 2012) (Figure 2).

Estimates of growth rate were conducted using the mathematical model

[(L2− L1)/(t2− t1)], in which L is length as a function of time.

To understand substrate, and, therefore, food preferences for

juveniles, data on the preference of substrate associated with biofilm

and other food options was recorded daily from day 58 onwards, as

the beginning of stomach activity (Lopes & Ventura, 2016). For data

collection, all animals were kept in the same aquarium. As for

substrates options, sponges (Amphimedon viridis and Mycale angulosa),

sedimentary rocks (15 cm× 7 cm), and previously used bio media

(Oceantech® k1, 1 cm× 1 cm) were collected from aquarium systems

at the institution, and made available for animals in the research

center. The distribution of the substrates was random, but positioned

in the tank in a way that each option represented ¼ of the horizontal

space available, including a clear area without substrate. Note that, for

sponges, data on species‐specific preferences were not taken into

consideration.

Spatial distribution of all animals that were visible during data

collection were counted and noted as “bio media,” “rock,” “sponges,”

or “others,” when seen fixed on the walls of the tank, filters, or

transiting among substrates (when animals were in motion or had its

arms placed in more than one substrate at the time of assessment).

Data were collected daily for 10 weeks and expressed as percentages

regarding the total number of individuals noted at the day.

Statistical analysis was conducted comparing the proportion of

individuals in each food‐related substrates. The averages of the

evaluated parameters were submitted to analysis of variance

(ANOVA) for comparison among treatments. Values expressed as a

percentage were transformed according to the formula: transformed

variable = arcsen√x. In the case of a significant difference, the Kruskal

Wallis test (p < .05) was applied, once non‐normally distribution of

data was observed. The statistical package R was used.

3 | RESULTS

The development of E. brasiliensis and its main stages, from embryo

to early juvenile was illustrated in Figure 3. Differences in

developmental time were recorded among individuals. Six hours

F IGURE 2 Biometric variables investigated, including total length
(TL) and arm length (AL).

F IGURE 3 Larval development of Echinaster brasiliensis. (a) 6 h
post‐release; (b) 18 h post‐release; (c) 3 days post‐release; (d) 7 days
post‐release; (e) 17 days post‐release; (f) 108 days post‐release.
[Color figure can be viewed at wileyonlinelibrary.com]
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after release, segmentation and gastrulation were visible under

microscope.

Metamorphosis started around the sixth day after fertilization.

During metamorphosis, the anterior larval body region extended

along its longitudinal axis while the posterior larval region became flat

laterally. The first two pairs of tube feet appeared in each ray of the

starfish from the fourth day, when adherence of the larvae to the wall

of the tank was observed.

From release to 132 days old, AL increased from 0.81mm to

1.31 ± 0.03mm (Figure 4). Considering that Echinaster larvae shows a

lecithotrophic stage, presenting stable growth rates, it was estimated

that feeding started around 40 days of age, as per the sudden

increase in AL.

AlthoughTL showed a steady increase, AL varied among juvenile,

with no clear correlation to TL throughout time (Figure 5b). In this

scenario, the largest TL observed did not necessarily match the

largest AL (Figure 5a). Additionally, growth did not follow a linear

increase. From the 108th day post‐release, a decrease in total length

was observed for the individuals evaluated (Figure 5b), which, later,

have been attributed to a decalcification of radial ends (Figure 6).

For growth rate, a decrease was observed for ray length, as

expected. At 17 days post‐release, animals showed a growth rate of

0.0476mm per day. In contrast, at 132 days old, growth was as low

as 0.0094mm/day (Figure 7).

Regarding food‐related substrate preferences, considering the entire

period evaluated, biofilm‐associated with “Rock” showed a significant

difference among other treatments, adding up to 50% of preference by

the animals (p< .05). For “sponge,” “bio media” and “others,” there was no

statistical difference for the whole period (Figure 8).

Throughout the 10 weeks of evaluation, an oscillation in

substrate preference was noticed (Figure 9). The use of bio media

was slightly higher on week 1 when compared to the remaining

options; however, a decrease was observed until Week 10. For rock

substrates, despite drops at the beginning and the end of the period

of evaluation, ranges of preferences remained as high as 45%.

Although listed as a suitable food item, sponge substrates showed no

clear preference by animals, remaining at a 15% range through all

weeks.

4 | DISCUSSION

Lecithotrophic development is thought to be a derived characteristic

in the evolutionary history of the Asteroidea (Hart et al., 1997 apud

Lopes & Ventura, 2016). The reproductive strategy of E. brasiliensis is

associated with the production of few, but large and nutrient‐rich

eggs (Lopes & Ventura, 2016). Species of the genus Echinaster

typically have lecithotrophic larvae and short development time

(Pereira et al., 2021). As they do not need feeding resources from the

environment, there is great selective pressure to minimize the time

required to complete metamorphosis.

In this study, ray length evaluated from day 17 post‐release

showed to be higher than those evaluated in other studies. When

comparing the data to those presented by Lopes and Ventura (2016),

for example, at day 59, the ray length obtained in this study was

already higher than those observed along the first 144 days of life by

those authors. Additionally, mouth opening and the beginning of

stomach activities were observed around day 60 (Lopes &

F IGURE 4 Growth curve of juvenile Echinaster brasiliensis reared under laboratory conditions, from release to 132 days old. *Opening of
mouth; **expected beginning of stomach activity (Lopes & Ventura, 2016).
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Ventura, 2016). In this study, although no electronic microscopy was

performed, a sudden increase in growth rates at day 45 suggests

feeding activity. Those data, however, might be influenced by the size

and health condition of breeders, temperature, salinity and food

availability, factors that may lead toward greater larvae and juveniles.

For growth rate, there were also differences when compared with

previous studies. In this work, growth rates varied between 0.030 and

F IGURE 5 Development of juvenile Echinaster brasiliensis.
(a) Correlation between arm length (AL) and total length (TL)
ordinated in size according to TL; (b) varying TL and AL
throughout time. Y‐axis refers to TL(cm) and X‐axis refers
to time (days).

F IGURE 6 Juvenile Echinaster brasiliensis showing decalcification
signs at radial ends probably due to low levels of Ca and Mg. [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 7 Growth rate of juvenile Echinaster brasiliensis, Y‐axis
refers to mm per day and X‐axis refers to time.

F IGURE 8 Substrate preferences by juvenile Echinaster
brasiliensis, regarding food choices, where “Rock” indicates statistical
significance by Kruskal Wallis and Dunn's post‐hoc test (p < .05).
[Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 9 Substrate preferences by juvenile Echinaster
brasiliensis, regarding food choices through development. [Color
figure can be viewed at wileyonlinelibrary.com]
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0.005mm/day along 132 days of evaluation. In contrast, Lopes and

Ventura (2016) pointed out values that ranged from 0.018 to

0.003mm a day within 144 days of the record. Although data

collected in this study showed higher growth rates results when

compared to previous work, the growth curve showed a decrease at

the end of the evaluation, with a 0.13mm drop in total length for the

last biometry. Water analysis showed that levels of calcium and

magnesium at the end of the study appeared low (<350 ppm of Ca and

<1200 ppm of Mg), probably due to an increase in demand for minerals

as the animals grew. At this point, animals showed decalcification signs

at radial ends, which might have influenced measures of total length.

Dosages of calcium and magnesium chloride were then adjusted to

5ml a day and animals showed appropriate recovery.

The use of substrates has received special attention in aquacul-

ture studies aiming to provide better environmental conditions and to

maintain the ionic balance of the water. As a result, better

performance is expected as well as a consequent increase in

economic profitability (Pieroni et al., 2021). Around 60 days after

fertilization, juveniles of E. brasiliensis were expected to have

developed a functioning mouth and to be able to evert their stomach

(Lopes & Ventura, 2016). At this stage, animals should be able to feed

on marine sponges when available. In this study, however, sponges

showed to be the least preferred food‐related substrate for

juveniles from daily records carried out for 10 weeks. At the

beginning of feeding activities, juveniles actually showed preference

for biofilm options, represented by rock and bio media substrates. In

fact, at the first week of evaluation, when a sudden growth was

observed, the most commonly chosen substrate was the bio media,

which were placed close to the surface of the tank. Despite the

challenge of getting to the biological media, 31.5% of animals would

rather be at this substrate at times of evaluation, probably due to the

easy access to bacterial biofilm.

Although not yet described for Echinaster species, ontogenetic

dietary shifts are expected to occur during the juvenile phase of

several starfish species, such as Mediaster aequalis, Heliaster

helianthus and Acanthaster spp. (Birkeland et al., 1971; Manzur

et al., 2010; Wilmes et al., 2020). Thus, the preference observed for

early‐metamorphosed juveniles in this study could indicate that there

might be a dietary shift along the development of this spongivorous

species. However, Queiroz (2012) pointed out that the sponges

available in this study might not be the most preferred ones for E.

brasiliensis, which could have led the animals to choose other food

options. Yet, even though they are considered a spongivorous

species, even adult E. brasiliensis are known to accept a variety of

food options in captivity (de Alcantara & da Costa, 2019; Pereira

et al., 2021). Therefore, more studies need to be conducted to assure

a dietary shift for this species.

While some studies state that increasing particle size might

negatively influence movement capacity (Pratchett et al., 2017;

Wong & Barbeau, 2003), in this study, animals exhibited a spatial

preference for large rocks as much as 45% of the time during the 10

weeks of evaluation. Similarly, Gehman and Bingham (2010) and

Deaker et al. (2020), in a preliminary feeding experiment showed that

juvenile starfish are, in fact, capable of feeding on diverse diets and

that juveniles would feed on natural biofilm scraped from the

underside of intertidal rocks. Additionally, Pereira et al. (2021) stated

that Echinaster are able to feed on algae biofilm accumulated on the

wall of the aquariums and, probably, on organic matter presumably

dissolved in the water.

Considering that Echinaster and other starfish are commonly

maintained on a diet of collected or cultured sponges, difficulties in

sourcing a ready supply throughout the year represent limitations to

their sole use within commercial or laboratory‐scale production. In

this sense, the use of the biofilm‐associated to biological media

for the feeding of juvenile starfish is not yet reported in the literature

and showed to be an easy and promising option. Considering the high

demand for minerals in starfish and risks of decalcification on

juveniles, however, calcite and dolomite might be used in addition to

food‐related substrates promoting better acid–base balance of the

water, once those substrates could influence the and the availability

of calcium and magnesium (Pieroni et al., 2021).

The sustainability of the exploitation of aquatic resources is an

issue that has been considered in recent studies (Bergamo et al., 2021;

Kuhnen et al., 2019). For public aquariums, a further step towards

sustainability relies on the captive breeding of animal collections,

especially for threatened or overly harvested species (Che‐Castaldo

et al., 2021; Powell, 2019). In this sense, this study illustrates an

opportunity for academic and educational institutions to engage in

laboratory culturing, aiming for a sustainable animal population and

lowering the reliance on in‐situ collections. In a long‐term scenario,

besides being a constant source of information, those animals

represent the possibility for the implementation of integrated and

ex‐situ conservation programs. In view of the current gaps in the

knowledge of the biology of the E. brasiliensis, although more specific

studies need to be carried out, this study provides important data on

the development of juveniles as well as directions for captive

breeding of the specie.
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