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A B S T R A C T

Sea urchin fishery has gradually expanded in different countries and territories around the world, including
South America, and the sea urchin Tripneustes depressus is a feasible candidate for aquaculture. The aim of this
study was to prepare a biotechnical protocol for rearing larvae and production of juveniles. Large T. depressus
were collected at monthly intervals at a subtidal rocky coast off Palmar, Santa Elena, Ecuador from January 2015
to December 2017. T. depressus spawns when exposed to thermal shock in low illumination room. Seven
spawning events were recorded between March and May and between July and August. On average, females
spawned approximately 3.60 ± 0.83×107 oocytes (mean diameter: 78.4 ± 2.1 μm) and males spawned ap-
proximately 5.60 ± 1.10×107 spermatozoa respectively). A cohort of May 13, 2017 was followed for
250 days. Embryo and larval stages were completed within 48 h and 21 days, respectively, at 26.5 ± 0.5 °C.
Larvae were fed a mixed diet of Tysochrisis lutea, Chaetoceros gracilis and Rhodomonas sp. at concentrations
ranging from 2.5× 103 to 2.0×104 cells /ml as they increased in size. Larvae were measured considering: Total
Length (TL), Medium Base Line (MBL) and Base Width (BW). On day 2 after fertilization (AF): 311.7 ± 2.0 μm,
158.9 ± 1.0 and 270.7 ± 3.4 (n=10), respectively. On AF16: 544.7 ± 4.0 μm, 273.6 ± 6.9 and 355 ± 3.5
(n=10). On AF21, larval rudiment size was equal in size to that of the stomach and larvae were competent.
Their body measurements, and specifically total length at that food concentration, showed no phenotypic
plasticity. Thirty two days post spawning (DPS) all juveniles had open mouths and a functional gut for feeding
(size: 0.40 ± 0.01mm DT), and at DPS98 three size categories were differentiated. Sea urchin sizes by categories
at DPS98 and DPS152 were, respectively: small (2.20 ± 0.1mm DT and 23.9 ± 0.45mm TD), medium
(4.90 ± 0.08mm DT and 33.3 ± 0.3mm TD); and large (7.20 ± 0.11mm DT and 43.8 ± 0.5mm DT) with
zero mortality. T. depressus reach 4 cm diameter at 188 days after metamorphosis and can reproduce after six
months of life, when it reach approximately 4.2 cm diameter), although the gonads are not yet commercial in
size. This protocol is an initial perfectible protocol for sea urchin aquaculturing. However, we have made re-
commendations for consideration that include increasing survivorship and supplying post-larvae for juvenile
production.

1. Introduction

Ecuador (in the eastern tropical Pacific, ETP) is a country with a
long tradition in coastal-artisanal fishery on rocky-reef ecosystems, for
some marine invertebrates, such as lobsters, crabs, mollusks and sea
cucumbers (Alava et al., 2015; Henchion et al., 2017).

The high demand for consuming high-quality animal protein of
marine origin, consequently has made some natural populations dras-
tically diminish by overfishing (Manabu, 2007; Hearn, 2008; Wolff
et al., 2012; Castrejón and Charles, 2013; Martínez-Ortiz et al., 2015).

This has triggered concerns about structural and functional changes of
shore reefs through trophic cascades (Okey et al., 2004; Glynn, 2008;
Sonnenholzner et al., 2011a), and decreasing the income of coastal
communities. The fishermen have sought to diversify its fishing by
targeting a wider range of marine benthic animals and exploring fishing
grounds along the mainland of Ecuador and around the Galapagos
Archipelago. But, paradoxically, aquaculture is poorly developed in
Ecuador (FAO, 2016; Pullin, 2017).

A comprehensive spatio-temporal dynamics on basic biological and
ecological issues (embryonic phase, larvae and juvenile) for potential
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new marine resources for fishery and aquaculture is lacking. Due to the
decline in some fisheries (i.e, sea cucumber, Sonnenholzner et al.,
2017), interest has developed in a sustainable and alternative aqua-
culture production (supported with population restocking) in order to
divert fishing pressure away from traditional fisheries. In this sense, sea
urchin aquaculture is very pertinent.

Sea urchin fishery has gradually expanded in different countries and
territories around the world (including South America, Andrew et al.,
2002). At least twenty-one species of sea urchins have been heavily
harvested and extensively implemented in the sea urchin trade, espe-
cially for some Asian countries (a total production of about 73,000
metric tons, Castilla-Gavilán et al., 2018). This trade represents an es-
timated at about 200–300 million US$ (Shimabukuro, 1991; Sun and
Chiang, 2015; Castilla-Gavilán et al., 2018).> 70% of this production
comes from six different areas from the Pacific region (Micael et al.,
2009; FAO, 2016). Japan has long been the major lucrative market for
global sea urchin production (annual domestic demand of about 50,000
metric tons whole weight) and is the major driver of global sea urchin
prices. A top-quality (as fresh, dried, salted or brined sea urchin roe)
can sell for over USD $60/kg (Sun and Chiang, 2015).

Roe is part of a special gastronomy part of fish markets and are
prized in delicacy cuisine (in sushi or sashimi) for their sensory attri-
butes, in terms of palatability, flavor and color (Keesing and Hall, 1998;
AAFC, 2002; Devin, 2002; Muthiga, 2005; Rahman et al., 2012). They
also are consumed for the high-quality protein content, polyunsaturated
fatty acids; and potential use in medicine because of its rich chemical
constituents and biochemical compounds, such as polysaccharides,
PUFAs, β-Carotene, xanthophylls and others nutrients (Kaneniwa and
Takagi, 1986; Lawrence et al., 1997; Yur'eva et al., 2003; Archana and
Babu, 2016). Nonetheless, the supply of domestic sea urchins is limited
and the feasibility of this industry is largely dependent on sufficient
natural populations. At this juncture, this important industry is kept
virtually unstable.

Because several sea urchin populations have diminished as result
from ineffective fisheries policies and management (a declined pattern
in catches has been noticed in several countries in the Pacific region, as
Chile, China, Japan, New Zealand, and in many areas of Southern and
Western Australia), interest in sea urchin aquaculture has developed
rapidly and has grown steadily over the past few years (Lawrence,
2013; Lawrence and Agatsuma, 2013; Paredes et al., 2015). Sea urchin
aquaculture can help alleviate the pressure for overexploitation of wild
sea urchins (Barker et al., 1998; Huggett et al., 2006; Liu et al., 2010;
Kayaba et al., 2012; Eddy et al., 2012; James et al., 2016).

Tripneustes is a genus of toxopneustid echinoids that recognizes
three extant edible species with commercial value, T. ventricosus
(Lamarck, 1816) from both sides of the Atlantic, T. gratilla (Linnaeus,

1758) in the Indo-West Pacific, and T. depressus (Agassiz, 1863) in the
central eastern Pacific (Fig. 1a–c). A study of the phylogeography of the
pantropical sea urchin Tripneustes by Lessios et al. (2003) revealed that
based on morphology, COI, and bindin data, T. depressus from the
eastern Pacific is in fact the same species as T. gratilla from the western
Pacific. In the international market the gonads of T. ventricosus and T.
gratilla are good vis-à-vis quality competitive in the trade with other
species (Scheibling and Mladenov, 1987; Rahman et al., 2009; Pena
et al., 2010). A number of studies have examined the biology, ecology,
fisheries and aquaculture relevant issues of T. gratilla (Shimabukuro,
1991; Cyrus et al., 2013; Lawrence and Agatsuma, 2013) and T. ven-
tricosus (Keesing and Hall, 1998; Andrew et al., 2002; Robinson, 2004;
Wolcott and Messing, 2005), but no detailed information exists for T.
depressus (Sonnenholzner et al., 2013).

T. depressus is a very desirable species for fishery and is a feasible
candidate for aquaculture in Ecuador for its biological attributes, such
as: large-size, short time to maturity, high growth rate, high re-
productive effort and output, and short life span (Lawrence, 1990;
Lawrence and Bazhin, 1998; Lawrence, 2013). They are part of a con-
spicuous assemblage of coral reef-associated communities that inhabits
moderate hydrodynamic leeward rubble and open sloping rocky shores
with interspersed coral-sandy rubble pockets (but never on pure sand or
muddy sand) on encrusting coralline, calcareous articulated algae on
rhodolith beds and on extensive and dominant soft, fleshy brown
macroalgae (varieties include Padina and Sargassum species) that sup-
port their grazing activity (Sonnenholzner and Lawrence, 2002;
Lawrence and Sonnenholzner, 2004; Foster et al., 2007; Irving and
Witman, 2009; Uthicke et al., 2009; Sotelo-Casas et al., 2016) in
shallow waters (preferentially at average 12m depth) to 73m depth
from the Gulf of California, México to Lobos de Afuera islands, Perú,
including the Galápagos and Clarion Islands (Maluf, 1988; Idrovo and
Sonnenholzner, 1994) (Fig. 1a–c). In Galápagos, T. depressus is spread
out throughout all five eco-regions with different sea temperatures
ranging from 20.3–27.1 °C (Banks, 1999; Brandt and Guarderas, 2002),
and bathymetrically between 3 and 40m depth, it ranges from
17.3–28.5 °C, in the central coast off Ecuador (Datos de la Estación
Oceanográfica El Pelado del Cenaim-Espol 2013–2017). Traditionally,
this species has been locally consumed as food by fishers in Manabí (on
the mainland coast of Ecuador) and Galápagos.

Since 2014, considering the importance of T. depressus, the Centro
Nacional de Acuicultura e Investigaciones Marinas of the Escuela
Superior Politécnica del Litoral of Ecuador (CENAIM–ESPOL) is pro-
moting research studies on T. depressus diversify aquaculture. These
studies will contribute for future management plans (as alternating new
fisheries based on aquaculturing), leading to the sustainability of
benthic resources in Ecuador. The aim of this study was provide

Fig. 1. View of large sea urchins Tripneustes depressus in open rocky and coral reef habitats; a) specimen at 12m depth, El Pelado Island, Santa Elena, Ecuador; b) a
covered specimen with foliose macroalgae Ulva lactuca at 3m depth, Bahía Santa Elena, Guanacaste, Costa Rica; and c) specimen at 2m depth associated with a large
Pocillopora verrucosa, Punta Galeras, Baja California Sur, México.
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protocols for rearing competent larvae and producing juveniles of T.
depressus on a small scale.

2. Materials and methods

2.1. Ethical procedures (in vivo and experiments)

All the procedures realized considered in this study followed the
guidelines for ethical and responsible researches using in vivo animals
and experiments for echinoderms (Kilkenny et al., 2010; Rubilar and
Crespi-Abril, 2017).

2.2. Sea urchin collection

Large sea urchins, T. depressus (mean test diameter: 12.5 ± 0.5 cm
and wet weight: 759.4 ± 9.1 g; N=200) were collected by diving at
high tide, between 10 and 12m depth, early in the morning (before
0900 h) at monthly intervals along the subtidal rocky coast off Palmar,
Santa Elena, Ecuador (15°59′00”S 80°44′00”W) from January 2015 to
December 2017 (Fig. 1a).

Specimens were transported individually in double plastic bags with
multi-track zipper (29.9× 26.8 cm, 3.8 l size, Diamond), filled with
seawater using styrofoam containers kept at 22 °C to the aquaculture
Centre (CENAIM) in San Pedro de Manglaralto, Santa Elena, Ecuador.
After collection, sea urchins were gently rinsed with sterile and filtered
seawater (SFSW) and kept them individually in flat-bottomed 40 l
rectangular tanks. Test diameter and body weight were determined
using a caliper (in centimeters) and a spring scale with 0.1-g accuracy,
respectively.

2.3. Culture system

2.3.1. Seawater quality and environmental conditions
The seawater used during the spawning, hatching and larval rearing

was 1 and 5 μm filtered and UV treated (seawater flow rate used was
kept constant 1 l min−1, as sterile and filtered seawater: SFSW), tem-
perature between 22 and 27 °C, salinity 35 ppt, pH of 8.2, dissolved
oxygen of 5–6mg O2 l−1, and kept in semidarkness condition
(0.5 μEm−2 s−1).

2.3.2. Maintenance of large and juvenile animals
In this study, we defined juveniles are individuals after metamor-

phosis, before production of gametes, and also have had opened its
mouth with a functional jaw mandible for initiating feed. And we uti-
lized the term large sea urchins, instead adult, since these rapid-growth
sea urchins begin producing gametes when they are small size, and they

would be adult by definition at 0.4 ± 0.01mm diameter.
The large sea urchins (from the natural population and after

spawning) and the juvenile sea urchins (cultured at CENAIM) were in
outdoor conditions. Large sea urchins were kept in 500 l flow-through
stock tanks (approximately, 50 l per animal, N=10 per tank), open
circuit (water exchange rate in 5 h, 100%), aeration and no direct
lighting. Juveniles were separated by three size-classes (by their test
diameter): (i) 1.1–3.9 mm; (ii) 4.1–6.0mm and (iii) 6.1–9.1mm. During
this time, both were fed on the brown algae Padina durvillaei. Twice a
week the tanks were cleaned removing uneaten food, fecal pellets and
debris by siphoning. Seawater temperature and dissolved oxygen were
recorded daily by a multi-parameter probe (YSI-550A, USA).

2.3.3. Spawning induction and observation
Laboratory scale observations were firstly made for providing an

indirect and rapid assessment in the application of stimuli for spawning
in mature sea urchins, as follows: i) haphazardly sampled urchins with
1–1.5ml of 0.5M KCl injections with a 26 gauge needle into the coelom
via the peristomial membrane; ii) manual shaking of the animal, and iii)
thermal shock (water temperature raised 4–5 °C for 10min) in low il-
lumination room condition.

2.3.4. Spawning and fertilization
Seven cohorts of sea urchins T. depressus were produced, but cohort

of May 13, 2017 of was reared over a period of 250-days in captivity.
Mature oocytes (bright orange; Fig. 2a) were collected through 30 μm
Nytex mesh net, and washed with SFSW, then were pooled (approxi-
mately 400 to 600 eggs ml−1) and shed into a 4 l jar. Sperm (semen off-
white creamy streams; Fig. 2b) was dry-collected. Afterwards, 2 ml of
diluted sperm (1 drop of dry semen with 10ml of SFSW) were added
and gently stirred with a plastic paddle for 1min (pooled sperm: oocyte:
20:1). After three minutes the fertilization membrane was assessed and
the spermatozoa removed by three consecutive washes with SFSW
(with a 30-μm sieve). Sperm concentration and motility (as rapid
sperm) were selected for the pools (three individuals per pool) prior to
oocyte fertilization.

2.3.5. Embryonic development, larval rearing, and microalgal diets
Eggs were incubated in SFSW for 48 h at 26 °C until the pluteus

stage in 500 l fiberglass cylindroconical tanks in static SFSW without
aeration at a density of 0.5 eggs ml−1. Embryo development was scored
as: fertilized egg; unequal cleavage; equal to or> 16-cell stage; equal to
or> 32-cell stage, hatching blastula, blastula, and gastrula.

Larvae were reared for 20 days until competency in 500 l fiberglass
cylindroconical tanks in aerated static SFSW, with three partial
(50–75%) water changes per week (larvae were collected with a

Fig. 2. Aboral view of large Tripneustes depressus spawning at laboratory conditions in May 13, 2017; a) female releasing oocytes (14 cm TD) and b) male releasing
sperm (13 cm TD).

J.I. Sonnenholzner-Varas et al. Aquaculture 496 (2018) 134–145

136



100–125 μm mesh). A complete water change and thorough cleaning
tanks were done once every ten days. Prism larvae were stocked at a
density of 1 larvae ml−1. Density was estimated for each batch as the
proportion of swimming larvae (up to the eight-armed pluteus stage).
Larvae stages were scored as: prism, two-arm, four-arm, six-arm, and
eight-arm. Once larvae were staged, the percentage of larvae in each
stage were calculated and averaged among the replicate tanks. Larvae
were fed (36 h after fertilization, when the functional gut appeared)
twice a day with a mixture of three live microalgae species: Tysochrisis
lutea (=Isoschrysis galbana, strain CI/03), Chaetoceros gracilis (strain
CCH2–2/06) and Rhodomonas sp (strain CR16/03) at a concentration
ranged from 2.5× 103 to 2.0× 104 cells ml−1 of seawater, by ad-
justing the food level (dictated by the daily checking of the gut with a
dissecting microscope for the fullness, color pigmentation and presence
of algae) every day until attaining metamorphic competence. During
larval rearing, information was compiled to measure the larval per-
formance: survival counts assessed volumetrically on days 7, 14 and 21,
and at the end of rearing and measurements (maximum dimensions,
Fig. 3).

2.3.6. Settlement and metamorphosis
Seven days after reaching competence (indicated by larval mor-

phology and tactile behavior), larvae with a large juvenile rudiment
were placed (with a density of 1 larval ml−1) in 10 days pre-condi-
tioned 5000 l fiberglass rectangular flat bottom tanks with an inoculum
of the benthic diatom Navicula sp. (Strain CN13/03 at 1.3·105 cell ml−1)
forming a biofilm, as a settlement inducer for competent larvae.
Seawater was 20% replaced per day and gently aerated. Juveniles were
at 32 days post-settlement=DPS, with a size of 0.1 cm diameter). They
foraged upon a lush green carpet of the algae Cladophora sp., after-
wards, semi-dried small pieces of Padina durvillaei were introduced.

2.3.7. Counting, morphometric and growth measurements
Sperm and oocytes densities were determined by means of a he-

mocytometer (Neubauer counting chamber) and a six multi-well plate
(area: 9.5 cm2, diameter: 34.8 mm, Cellgro Corning), respectively,

under a compound microscope and a stereoscope microscope using a
4× and 40× objectives, respectively. Measurements of oocytes, zy-
gotes, embryo and larvae were made under a compound microscope
and test diameter of juveniles (DPS32–250) was made on freshly prepared
samples using a profile projector microscope (Mitutoyo). All material
photographed was fitted with an image analysis software iWorks 2.0.

Larvae were placed in a flat focal plane for measuring them on total
length (TL), base width (BW), and medium base line (MBL) (Scholtz
et al., 2013, Fig. 3). Measurements were made every day by image
analysis of fresh samples of 10 larvae. Competence was considered as
achieved when at least 80% of the observed larvae showed that the
rudiment was at least equal or larger in size than the stomach. The
following calculation (the midpoint method) was made to determine
the percentage change for growth uniform differences over time:

= − + ×%Δ [(S S )/(S S /2)] 1001 0 1 0

where S0 represents the initial size and S1 is the total final size of larvae
in each measurement by category. All values are expressed in milli-
meters. The denominator is the average of the starting and ending va-
lues.

At DPS95 of culture, juvenile sea urchins were separated into three
size-categories: (i) small: 1.1–3.9mm; (ii) medium: 4.1–6.0 mm and (iii)
large: 6.1–9.1mm and maintained in independent tanks for avoiding
the intraspecific competition between large and small individuals (as
suggested Grosjean et al., 2003). Size is expressed by the ambital test
diameter (TD) the external diameter of the test at the ambitus excluding
the spines. TD was measured with a manual sliding caliper at the
nearest 0.1mm. Specific growth rate (SGR) was calculated, as follows:

= − ×
−SGR (%day ) [(ln TD ln TD )/Δt] 1001

2 1

where ln is natural logarithm, TD1 and TD2 are the average test dia-
meters of the sea urchins (in millimeters) at time 1 and 2 in days, re-
spectively, and Δt is the growth interval in days (t2− t1). SGR is ex-
pressed as a percentage of sea urchin size increase per day.

2.4. Statistical analysis

Significant differences in the growth of juvenile sea urchins were
tested using one-way ANOVA and post hoc Tukey HSD test.
Assumptions of normality and homogeneity of variance were confirmed
prior to the analysis using Levene test. Differences were regarded as
significant at P ˂ 0.05. All results are given as mean ± SE. Statistical
analyses were carried out using Statistica 10.0 software.

3. Results

3.1. Spawning

Of the three methods tested to induce spawning in T. depressus,
increasing seawater temperature 4 to 5 °C in in the dark was the most
efficient and non-invasive method for obtaining gametes 20min after
animals arrived in the laboratory (see Subsection 2.2., Fig. 2a, b). Seven
spawning events mostly occurred between March and May and between
July and August (2015–2017). The spawning by females and males was
continued intermittently for approximately 30min. No spawning oc-
curred after intracoelomic injection of 1ml of KCl 0.5M and manual
shacking. Several sea urchins died after potassium chloride injection.

The mean diameter of unfertilized oocytes was 78.4 ± 2.1 μm
(N=110, 6 females, 50 oocytes of each, Fig. 4a). The mean of the
spermatozoa head and tail are 15.0 ± 0.1 μm and 45.0 ± 0.2 μm, re-
spectively. In average oocyte and spermatozoa number spawned by
females and males were 3.60 ± 0.83× 107 oocytes and
5.60 ± 1.10× 107 spermatozoa, respectively.

Fig. 3. Digital image of a two-armed Tripneustes depressus pluteus larvae de-
picting the three morphometric characteristics used to compare larval growth
performed by TL= total length, MBL=mid-body line length, and WB=width
base (40× magnification), as suggested Scholtz et al. (2013).
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3.2. Fertilization and embryonic development

Dynamics of T. depressus cell divisions is shown in Table 1. The
embryo stages were completed within 48 h at 26.1 ± 0.7 °C (Fig. 4b–j).
The fertilization envelope was observed with the release of polar bodies
(Fig. 4b). The eggs exhibited holoblastic cleavages (until 32-cell stages)

at approximately 27–60min after fertilization (AF) (Fig. 4c–e, Table 1).
The morula (128-cell stage) occurred 2 h AF (Fig. f–g, Table 1). The
embryo hatched and developed into the late blastula and an early ci-
liated gastrula stage 7 h AF (Fig. 4h, i, Table 1). An early full-size
spherical gastrula occurred 20 h AF (Fig. 4j, Table 1) and a bilateral
pyramidal prism larva with a complete digestive tract occurred 48 h AF
(Fig. 4k, Table 1).

3.3. Larval development and growth

The echinopluteus larval stages were completed within 11 days AF
(Fig. 5a–j, Table 1) at 26.0 ± 0.5 °C. On day-2 AF, the size of the early
feeding larvae of two-armed stage (Fig. 5a) was TL: 311.7 ± 2.0 μm,
MBL: 158.9 ± 1.0 μm and BW: 270.7 ± 3.4 μm, N=10 (Fig. 6).
These larvae showed fenestrated rods and the esophagus, sphincter,
digestive tract and anus were clearly visible (Fig. 5a–c). On day-9 AF,
the size of the six-armed stage (Fig. 5d) was TL: 504.5 ± 3.7 μm; MBL:
265.1 ± 3.5 μm; BW: 270.7 ± 3.5 μm; N=10 (Fig. 6) with the
highest growth increment variations at 47%, 50% and 49%, respec-
tively (Fig. 6). On day 11 AF, the size of the eight-armed stage (Fig. 5f)
was TL: 524.1 ± 4.3 μm; MBL: 258.4 ± 5.1 μm; BW: 322.8 ± 3.5 μm;
N=10 (Fig. 6). Their growth increment variation decreased at 4%, 3%
and 18%, respectively (Fig. 6). On day 16 AF, the size of the larvae was
TL: 544.7 ± 4.0 μm; MBL: 273.6 ± 6.9 μm; BW: 355.0 ± 3.5 μm;
N=10 (Fig. 6). The antero-lateral arms were reduced in length, the
lateral larval body extensions were bent towards the previous end, and
its body shape was rounded (Fig. 5f) with very low increment variations
at 4%, 6% and 9%, respectively (Fig. 6). The rudiment grew and at-
tained approximately one third the length of the stomach (Fig. 5f,
Table 1). On day 20 AF, the larval rudiment reached a size-equal to that
of the stomach and occupied a large part of the larva body, constricting
the stomach to the left side. The larva developed cilia over its whole
body (Fig. 5g,h, Table 1). On day 21 PF, the movement of the first
pedicellariae, which were emerging from the larval rudiment, was ob-
served (Fig. 5i). This indicated that larvae were ready for the settlement
and metamorphosis (Fig. 5j, Table 1).

Fig. 4. Early cleavages of Tripneustes depressus under light microscopy; a) Oocyte; b) egg; c) embryo with two cells before the second cleavage; hialine layer is visible
between cells; d) animal pole view of an embryo with 4 cells; e) embryo with 16 cells; f) arrangement of micromeres and macromeres on the vegetal pole of a 16 cell
embryo; g) vegetal pole of an embryo with 56 cells; h) lateral view of an embryo with 108 cells; i) embryo during blastula formation; j) embryo during gastrulation, as
post-hatching swimming blastula with thickened vegetal pole epithelium and final stage of archenteron invagination touching the anterior pole; k) prism larvae.
Note: black arrow indicates ciliated band of gastrula.

Table 1
Development of Tripneustes depressus from fertilization to 40mm diameter ju-
venile. Time is in hours after fertilization.

Stages Description Time Size (μm)

Embryo Fertilized eggs with complete fertilization
membrane and expulsion of polar bodies

3–12min 85.5

Fist division (2cell stage) 16min 100.0
Second division (4-cell stage) 34min 107.0
Third division (8-cell stage) 55min 109.0
Fourth division (16-cell stage) 1 h 18min 115.0
Fifth division (32-cell stage) 1 h 45min 120.0
Morula 2 h 18min 125.0
Hatching blastula 4 h 56min 128.0
Blastula 7 h 07min 130.0
Gastrula 7 h 40min 150.0
Gastrula with archenteron 20 h 150.0

Larvae Prism 48 h 201.0
2-arm pluteus 2 d 312.0
4-arm pluteus 6 d 455.0
6-arm pluteus 9 d 485.0
8-arm pluteus 11 d 497.0
Pre-competent larva, ciliated ring and
growing rudiment

16 d 545.0

Competent larva, complete rudiment 21 d 477.0
Juvenile 30 d 630.0

Juvenile (day-1 with open mouth) 54 d 850.0
Juvenile (day-40) 1000
Juvenile (day-61) 4000
Juvenile (day-83) 5000
Juvenile (day-111) 10,000
Juvenile (day-145) 20,000
Juvenile (day-188) 40,000
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3.4. Size variability and growth of juveniles

Size variability and growth performance for juveniles are given in
the Figs. 5k–m, and 7 to 9. At DPS20 juveniles fed Navicula sp.
(Figs. 5j,k; 7a). At DPS35, sea urchins without opened mouth passed to
juvenile stage with an average size of 0.40 ± 0.01mm TD (Figs. 5l;
8a,b; Table 1). At this size, animals opened their mouth with a movable
jaw structures, as Aristotle's lantern, and developed a functional gut.
They initially fed on turfs of Enteromorpha sp. and passed to blades of
Padina durvilaei (Figs. 5m; 7b,c). Two remarkable rapid-growth epi-
sodes occurred (SGR ranged from of 0.8 to 4.2% d−1, Figs. 8a,b, 9) and
were intercalated by a long slow-growth episode between 53 and 82-
day of culture (SGR ranged from 0.1 and 0.3% d−1, Figs. 8a,b, 9). At
DPS82–95, growth rates of juveniles were well differentiated into three
size groups at (F[2197] = 961.63, P= .0000, Fig. 9).

At 98-days of culture, all juveniles were separated in three size-ca-
tegories: i) small: 2.20 ± 0.07mm TD; ii) medium: 4.90 ± 0.08mm
TD and iii) large: 7.20 ± 0.11mm TD, and maintained in independent
tanks (Fig. 8c,d). After this (until 242-days of culture), the growth of T.
depressus was synchronous and alternated (as rapid and slow-moderate
growth episodes) for all three sea urchin size-categories (Fig. 8c,d).
During the slow-moderate growth episodes, small individuals grew
faster (0.6 ± 0.06% d−1) than large individuals (F[2,27] = 3,7644,
P= .036; Fig. 9), but during the rapid growth episodes, all individuals
grew fast and there were no differences between categories
(F[2,23] = 0.2282, P= .798). The higher amounts of growth were re-
corded at one event synchronically for all size-categories of sea urchins,
between days 160 and 180, but medium and large individuals showed a
high-frequency of size increments (Figs. 8c,d). The final sizes for small,
medium and large sea urchins were 23.9 ± 0.45mm TD,
33.3 ± 0.3mm TD, and 43.8 ± 0.533.3 ± 0.3mm TD, respectively
(Figs. 8c,d, 9).

3.5. Survival

Based on all our records of the culturing of T. depressus between
2015 and 2017, during the first day post-hatching (from fertilization to
the prism larvae stage) survivorship was between 91 and 95% (Fig. 10).
Before metamorphosis, from the prism to the eight-arm larvae stages,
survivorships were around 75 and 80% (Fig. 10). We reported high
mortalities between 80 and 93% after metamorphosis and settlement
process (Fig. 10). Overall in the cohort of 13 of May 2017, approxi-
mately 280,000 larvae were seed in the culture tank, and of them,
18,000 reached the juvenile stage. At DPS95 of culture, the data for
juveniles in Fig. 10 indicates survival was ca., 10%.

Fig. 5. Larval development and juvenile of Tripneustes depressus. a) early two-armed pluteus; b) two-armed; c) four-armed; d) six-armed; e) eight-armed; f) a
competent eight-armed pluteus larva with juvenile rudiment occupied most of the body and displaced the larval gut; g) pre-metamorphic larvae; h) pre-metamorphic
larvae with pedicels; i) larval tissue regression of the pre-metamorphic larvae with ambulacral feet; j) aboral view of a recently metamorphosed sea urchin showing
podia and spines; k-m) oral and aboral views of juveniles at laboratory. Arrow indicates a well-developed rudiment (rd).

Fig. 6. Larval morphometrics of Tripneustes depressus. TL= total length,
MBL=mid-body line length, and WB=width base. Error bars denote s.e.
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4. Discussion

The results of this study promise an advance for production of ju-
veniles (as seed) of the edible and native sea urchin Tripneustes depressus
in Ecuador. Our protocol is based on larval and juvenile culture over
three years (January 2015 to November 2017) It provides basic in-
formation and timing schedules on hatching and development of the
larvae and juveniles, diets for promotion of growth increasing their
survivorship, and consideration of systematic broodstock selection for
effective spawning under laboratory scale conditions. Our results will
be useful for culturing T. depressus, but it must be calibrated for the
different regions of the ETP.

4.1. Spawning and reproduction of large sea urchins

Although KCl is an effective chemical used to induce spawning in
mature echinoids during the breeding season (Giudice, 1973;
Thompson, 1983; Levitan et al., 1992); it was not for T. depressus. An-
imals were not stimulated for spawn and can die. A similar unfavorable
case was reported in for Giudice (1973) who noted that Arbacia can
release a fertilization inhibitor from the epidermis or from the peri-
visceral fluid when they were stimulated with KCl, which needs to be
carefully washed away from the eggs to prevent unfertilization. Based
on our laboratory scale observations, T. depressus is very sensitive to
temperature stress (4–5 °C) and light change as stimuli (see Fig. 1b) to
induce spawning. This reaction to light was reported for T. esculentus

(= T. ventricosus) where Lewis (1958) determined that it shows re-
sponses to change in light intensity. Therefore, we decided to apply a
non-invasive and non-destructive inducer instead of the classical in-
traoral injection of 0.5M KCl method. For this reason, large sea urchins
were transported to the laboratory in a thermostatic bath in the dark to
maintain their pre-spawning state until their arrival to the laboratory
(see sessions 2.1, 2.2).

T. depressus does not show a restricted spawning period with vari-
able intensities. We observed seven spawning events between
March–May and July–August, corresponding to warm/humid and cold/
dry periods, respectively, from January 2014 to November 2017. This
suggests that T. depressus has a continuous, non-discrete and synchronic
gametogenic activity throughout the year, with two peaks of gonadal
development for reproduction, where the mean monthly seawater
temperature fluctuated from 19 to 30 °C, and rainfall was< 150mm
per year (information based on the meteorological station at
CENAIM–ESPOL). Similar patterns of an extended, nearly continuous
period of reproduction with peaks (as a seasonal cycle of gonadal
growth in the winter and the summer) have been reported for T. gratilla
in Madagascar, Kenya, and Philippines (Muthiga, 2005; Toha et al.,
2017), and T. ventricosus in coasts off Florida (McPherson, 1965).
Nonetheless, both species there seems to be a tendency for semiannual
reproduction into any broad geographical pattern or any one seasonal
temperature regime (Pearse, 1974). Based on histological examination
of gonads (data unpublished), T. depressus may reach their sexual ma-
turity in less than one year, particularly the males at sixth months-old,
and females one month after. This is particularly similar to T. gratilla
reared in hatchery in the Philippines at 27 °C, which reached sexual
maturity in six to seven months (Creswell, 2011).

Although, the factors that control the reproduction of T. depressus
for producing successful larval supply through the year were not stu-
died here, we consider that some conditions required for T. gratilla in
the western tropical Pacific may apply for T. depressus in Ecuador.
Pearse (1974) concluded that reproductive effort in T. gratilla does not
correlate with temperature. Contrary to this Muthiga and Jaccarini
(2005), Muthiga (2005) and Chen and Chang (2012) determined that
the reproductive cycle, gonad development and spawning events of the
Kenyan and Indonesian populations of the sea urchin T. gratilla are
affected by annual and intra-daily environmental conditions, as sea
temperature, daily light intensity, phases of moon, and benthic pro-
ductivity (as food available offer). It's well known that both direct il-
lumination and changes in day length are correlated with sea tem-
perature in tropical shallow-waters, and both factors may affect sexual
reproduction in marine invertebrates (Coma et al., 2000; Shpigel et al.,
2004; Farhadian et al., 2014). Lodeiros et al. (2018) reported a good
environmental data for mariculture of the oyster Pteria sterna at sites
where large T. depressus were mostly collected in this study (between
Palmar and Ayangue sites). They determined that temperature, salinity,
concentration of seston and chlorophyll a were highly variable all year
long, and suggested that high temperatures during the reproduction
period of P. sterna can be the most negative influential trait, since the
daily temperature range was>6 °C (mid-March 2015). Higher intraday
temperature variation was observed during Jan-Feb (4 °C), Feb-Apr (up
to 6 °C), and Jun-Jul (4.3 °C). Variation during the rest of year was<
1 °C. Although, it is not clear whether the environment variables
mentioned here may contribute to the reproductive pattern in T. de-
pressus, a high variation in sea temperature and non-uniform light
conditions by turbidity occur. In addition, this variation is often ex-
acerbated by season.

T. depressus (as short-living sea urchins) that inhabits shallow rocky
shores off Palmar, and typically lives in a group with patchy distribu-
tion pattern between 5 and 12m deep (Idrovo and Sonnenholzner,
1994; Sonnenholzner and Lawrence, 2002; Lawrence and
Sonnenholzner, 2004). This distribution pattern reported to the long-
lived Strongylocentrotus franciscanus for increasing their fertilization
success (Leahy et al., 1981; Levitan, 2004; Mercier and Hamel, 2009).

Fig. 7. Culturing of juveniles of Tripneustes depressus in outdoor tanks. a) a sea
urchin barren (˂4mm TD, DPS20) feeding Navicula sp. film with other sessile
diatoms; b) small juveniles (2.20 ± 0.07mm TD, DPS98) feeding the brown
macroalgae Padina durvilaei and c) exhibiting cryptic covering behavior. (For
interpretation of the references to color in this figure legend, the reader is re-
ferred to the web version of this article.)
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In the case of T. depressus, female's location in the reef and her proxi-
mity to males in high environmental variable conditions are crucial for
the survival and production of new recruits. Nojima and Mukai (1985)
and Shimabukuro (1991)fide Toha et al. (2017) determined that some
T. gratilla have a tendency to live in couples, while populations that
showed no individual-to-individual body contact were observed, even
with high density. These issues are very important, since another in-
teresting finding was that, at the end of this study, we were challenged
to collect sea urchins in the field to evaluate their gonad production.
The capture effort increased and the number of animals collected pro-
gressively decreased throughout three last years (between 2014 and
2017). This explains to us that their densities apparently have a high
variability at very, short time periods at intervals of perhaps between
four and five years until the next recruitment event in 2018. This study

coincided with a similar natural event noticed in the Galápagos Ar-
chipelago, during 2016–2017. Reported densities of T. depressus in
Ecuador are approximately ˂0.1 to 5.0 individuals per m2 and vary
considerably from year to year (Brandt and Guarderas, 2002; Lawrence
and Agatsuma, 2013). Based on our results it is well known that po-
pulation densities of T. depressus in Ecuador can rapidly diminish or
completely disappear at monthly intervals.

4.2. Larviculture

Comparatively, the mean egg size of the tripneustids echinoids, T.
depressus from Ecuador (78.4 ± 2.1 μm), T. ventricosus from the
Caribbean and Panamanian coasts (80.0 ± 1.1 μm) and T. gratilla from

Fig. 8. Growth increments in size (test diameter, TD) and specific growth rates in juveniles of the sea urchin Tripneustes depressus, respectively; a,b) DPS95, and c,d)
DPS250. Dark and light grey bars in the x axis mean rapid- and slow-growth phases. Data are expressed as mean ± s.e. (N=50).

Fig. 9. Specific growth rates (SGR) during slow-growth episodes by size cate-
gories in juveniles of the sea urchin Tripneustes depressus. Error bars denote s.e. Fig. 10. Survivorship of the sea urchin Tripneustes depressus by stages as em-

bryo, larvae and juvenile.
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the Indo-Pacific (85.2 ± 1.3 μm) seems different in size, but their
planktotrophic larvae are competent to feed at 2.5, 2.0 and 3.5 day
post-fertilization, respectively (Lewis, 1958; Lessios, 1987; Byrne et al.,
2008). Lessios (1987) studied temporal variation in mean egg size of T.
ventricosus from different females collected from the same locality on
the same day. He determined monthly and inter-annual differences, and
suggested that size of mature eggs is not determined by reproductive
state of the parental population. In a later study, Byrne et al. (2008)
demonstrated that the growth dynamic larvae of T. gratilla larvae is not
divergent under unfed and fed conditions (with no evidence of phe-
notypical plasticity in growth). They suggested that larvae maintain a
nutrient storage buffer against starvation, which may exceed 8 days, as
a facultative feeding period, considerably longer than that of other
echinoids with similarly sized eggs, emphasizing that egg quality may
be more important than egg size.

Our findings are important to understand the life history strategy of
T. depressus and determine their resistance to starvation, risks of mor-
tality, successful metamorphosis, and an optimal quality production of
juveniles, considering two factors, high sea temperature and low food
conditions; which are characteristic at tropical waters (Reitzel et al.,
2005). In our laboratory, we pre-evaluated the feeding of T. depressus
larvae (at a density of 1 larva per milliliter) with low concentration of
microalgae (with five different species with< 500 cell ml−1). Larvae
died in less than five days (data unpublished). This suggests that larval
development T. depressus (with small egg) proceeds immediately after
the third day post-fertilization and the larvae cannot survive more than
five days in very low food conditions. They do not have the ability to
use maternal reserves (as endogenous energetic lipid reserves, parti-
cularly triglycerides) as was reported for T. gratilla (Byrne et al., 2008).
In this context, the tri-algal diet used here (Tysochrisis lutea= Isoschrysis
galbana, Chaetoceros gracilis and Rhodomonas sp) at concentrations
ranging from 2.5×103 to 2.0×104 cells ml−1 were adjusted by
feeding rations to ensure apparent satiation for the non-facultative T.
depressus larvae. This combined diet positively contributed to meet
balanced nutritional needs in some of the essential polyunsaturated
fatty acids (PUFAs and DHA) for achieving the competence with a
continuous growth performance, non-delayed metamorphosis, and no
abnormalities, with high survival rates of larvae. Therefore, although
the final output in term of larval survival was high after rearing, but it
cannot be affirmed that this combined diet leads to success in settle-
ment. Further research is needed for this stage. With supporting data
from larval morphometric, the larvae did not exhibit phenotypic plas-
ticity. Indeed, the phenotypic plasticity of the post-oral arm size (as
Total Length) makes it a good indicator of the morphological devel-
opment of larvae in response of the food type and availability
(Strathmann et al., 1992; Soars et al., 2009). Gallager et al. (1986)
suggested that larvae fed with Rhodomonas sp. produce the highest lipid
content, as PUFA content (22:6n-3 and 20:5n-3), and high levels of
carbohydrates, which is a good physiological condition indicator and
the capacity for successful metamorphosis. Therefore, the specific
growth of T. depressus larvae reported here could be explained by the
carbohydrates ingested (Brown et al., 1998). Other authors have con-
firmed that Rhodomonas sp. alone may provide the critical nutrients or
energy (for their higher digestibility) for echinoderm larval develop-
ment (Castilla-Gavilán et al., 2018).

The larva of T. depressus is intermediate temperature tolerant, with a
wide temperature range, between 23 and 29 °C, and has a relatively
short larval stage lasting between 25 and 30 days at 26 °C. Our results
agree with those of Rahman et al. (2009), who experimentally studied
the early development to T. gratilla at Okinawa Island, Japan. Our re-
sults indicate that the optimum range of temperature for T. depressus
was between 25 and 27 °C for normal development.

4.3. Post-settlement and growth of juveniles

In our study, the high mortality in the transition between larvae and

juveniles is remarkable, which would be a major problem in the pro-
duction seeds, and this represents a limitation of our study. Therefore,
our high rate of mortality will be discussed based on the positive
findings of Rials et al. (2018) who determined a good inducer for set-
tlement, and high growth and survival rates.

Rials et al. (2018) experimentally evaluated the suitability of dif-
ferent cues (treatments as unialgal films by Tetraselmis marina, Nitzschia
sp, Cylindrotheca closterium, and mixed) as inducers of settlement and
diet after metamorphosis for promoting the growth as increase in test
diameter and survival of juveniles of the slow-growth sea urchin
Paracentrotus lividus. They monitored metamorphosed individuals for
32 days on these treatments and found one treatment (C. closterium)
that showed higher survival rates (confidence intervals: 74–100%),
high settlement and growth rates (DPS21–26: 73.4 μm /day). We used a
direct film of the pennate diatom Navicula sp. for coating the tank walls
as the substrate, as inducer and diet for post-settlement of T. depressus.
At DPS32, survival was low ca., 10%, but the calculated daily growth
rates was 60.0 μm /day.

Rials et al. (2018) determined that the released dissolved organic
matter, mainly free amino acids, with higher protein content, as lipid
and fatty acids (that represent concentrations at 14:0, 16:0, 16:1(n-7),
18:1 and 20:5(n-3)) and nitrates of the pennate diatom C. closterium (as
unialgal biofilms) in P. lividus, is nutritionally very important due its
high digestibility, contributing on the development of the life stages
from the larvae to adults for different species of sea urchins (Salas-
Garza et al., 2010; Lawrence et al., 2013; Watts et al., 2013). Taken this
into account, we recommend an experimental test with C. closterium for
improving general performance of all these phases as an inducer film
and as the primary food for post-settlement juveniles of T. depressus to
decide the proper moment (probably occurs for individuals between 3
and 6mm TD, according to Onitsuka et al., 2015) to start a macroalgal
diet (Rials et al., 2018).

There are very few studies on fisheries ecology of fast growing
echinoids (Lawrence, 2013). Therefore, our study contributes to the
understanding of growth patterns for ruderal echinoids, which has been
associated to a “bet-hedging” strategy; where large-size, high growth
rate, short life span, short time to maturity, a high rate of adult survival,
and high annual reproductive effort and output are adaptations to
compensate for the low and highly variable survival rate of first-year
juveniles (Stearns, 1976; Roff, 1992). Lawrence and Bazhin (1998)
pointed out that ruderal species with economic interest, such as T. de-
pressus are more susceptible to stress. Therefore, we must consider more
care for the management of this species in the wild T. depressus, because
of its biological characteristics, must be included as an interesting
species for the global urchin roe industry, but based on aquaculture and
restocking operations, and not as a direct fishery.

In this study, early stage (as post-metamorphic juveniles) T. de-
pressus (0.1 mm TD) opens its mouth with functional gut at 5 wk. of age
after post-settlement (0.4 mm TD). They continue developing their
podia, spines, and pedicellariae as long as the thermal (26–28 °C),
salinity (31–35 ppt), pH (8.2), dissolved oxygen (5–6mg O2 l−1) and
food (Padina durvillaei) regimes are appropriate. In this study, we used
selected dry cuts and leaves of the brown macroalgae P. durvillaei, since
at a laboratory scale experiment it showed that it dominantly consumes
P. durvallaei than Sargassum ecuadoreanum, Gracilaria lemaneiformis,
Ulva lactuca, and Codium fragile (unpublished data). It is well known
that some species can grow rapidly to a total diameter of 1–2 cm in the
first year (Moore, 1966) but T. depressus can reach 1 cm at 152 days
after post-settlement. Many sea urchin species can reproduce in their
second year of life, but T. depressus can reproduce after six months of
life. These results are in agreement with other observations in the
Philippines that T. gratilla may spawn throughout the year (Toha et al.,
2017).

Our results contrast with the study of Miller and Emlet (1999) who
studied environmental effects on early development of two slow-
growing sea urchin species (Strongylocentrotus franciscanus and S.
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purpuratus), focusing on their larval feeding condition (based on food
ration regimes) and different temperatures. They determined that larval
food-rations significantly affect the development of traits in spines,
podia, and pedicellariae in juveniles up to and after the onset of
feeding, which begins 9 days after metamorphosis at 14 °C. Juveniles
from the high-ration larval culture were significantly larger after me-
tamorphosis and grew faster than ones from the low-ration culture.
Other differences relate to time of development of jaws and pedi-
cellariae. Juveniles from the high-food larval cultures were comparable
in size to juveniles collected from the field at 14 days of age, but ones
from the low-food larval cultures were much smaller. Here, we report
growth rates of juveniles of T. depressus which seems that the nutri-
tional requirement for somatic growth was satisfactory with a high
survival rate (90%). Nonetheless, the growth rate of juveniles at 95 days
post-settlement was affected by an emergent and divergent separation
into three size categories (large, medium and small individuals). Where,
the access of smaller sea urchins to food was mostly limited by large
ones generating a chronic growth inhibition. Ebert (1975) determined a
strong positive correlation between growth rate and mortality in nat-
ural populations of fast growing sea urchins that may have higher rates
of natural mortality. Here, given this, at 95 days after post-settlement of
T. depressus (juvenile culture of the same cohort of May, 13 May 2017)
we reported three subpopulations of new recruits with differentiated
size structure (as small, medium and large individuals), which was
mostly composed of small inhibited-growth individuals (60%) and with
an evident retarded growth. Cannibalism was mostly by medium-size
congeners to small-size individuals. Therefore, sub-population of small
individuals can be drastically reduced. Sonnenholzner et al. (2011a),b)
reported recurrent cannibalism events by conspecifics in small sea
urchins of Strongylocentrotus purpuratus under starving conditions.

T. depressus is an appropriated species for aquaculture, because here
we showed that when animals are early isolated (before 95-days after
post-settlement) into different tanks by size-classes, intra-size canni-
balism does not occur, and then mortality is reduced to zero. In this
sense, T. depressus has a ruderal strategy for allocating more energy to
production (for growth and reproduction) than to protection and
maintenance, as consequence, they grow rapidly and have great roe
production at an early age (Lawrence, 1990; Lawrence and Bazhin,
1998). Therefore, they would have to have a predictable recruitment to
persist (Ebert, 1975, 1982; Rowley, 1990). This pattern is contrary to
those commercial species with unpredictable recruitment, which must
live longer to persist, and may invest more resources in body con-
struction - growing heavier skeletons, more slowly, while still allocating
resources to reproduction, such as the sea urchins from temperate
ecosystems, e.g., the family Strongylocentrotidae (Ebert et al., 2018).
Our results indicate that the changes in growth rate (as an alternated
biphasic growth pattern, such as, rapid and slow-moderate growths (as
was shown in Figs. 8 and 9) in all three sea urchin size groups are not
size dependent and this suggest that the changes are based on a cul-
turing system change.

Finally, for the aquaculture of juveniles of T. depressus, the brown
macroalgae P. durvillei can be applied as functional food (Vadas et al.,
1982) that promote health condition for growing and protection of their
beneficial intestinal microbial flora (Fenchel and Harrison, 1976;
Lawrence and Lane, 1982). P. durvillei dominates inter- and subtidal
flora, especially at sites where large sea urchins were collected. This
alga has a high content of ashes (relatively high concentrations of
SO4

−2, calcium carbonate as extracellular calcium precipitated in the
form of aragonite and organic matter (34.4%), carbohydrates (pri-
marily mannitol as the major carbohydrate of low molecular weight,
44.2%) and total dietary fiber (7.6%), but low in proteins
(5.24 ± 0.1%) and lipids (essential fatty acids like omega-3, omega-6
and PUFAs, with 0.69%) as usual for these macroalgae (Goecke et al.,
2012). Therefore, our seed production protocol provided a good en-
vironment to cultivate juveniles for commercialization and stock en-
hancement. But further research on natural and formulated diets for

juvenile sea urchins T. depressus is needed.

4.4. Perspectives

Due to the decline in sea cucumber and spiny lobster fisheries, in-
terest has developed in Ecuador for new fisheries (Wolff et al., 2012;
Castrejón and Charles, 2013; Alava et al., 2015), in order to divert
fishing pressure away from traditional fisheries. For example, in 1998,
local fishermen of Galápagos requested the Autoridad Interinstitucional
de Manejo of the Galápagos Marine Reserve (AIM-GMR, Resolución No.
003–2002) for permission to open the fishery of T. depressus. The AIM-
GMR suggested realizing biological and ecological surveys of T. de-
pressus to synthetize information of their population state in the Ar-
chipelago prior for establishment a new non-traditional fishery in Ga-
lápagos. Therefore, this initiative continues to be pertinent based on
this newly reported information. T. depressus is occasionally caught for
local consumption by fishermen on the Ecuadorian mainland coast and
Galápagos (Luna and Darwin, 2000; Sonnenholzner et al., 2013). So,
there is interest in consumption and aquaculture of this native marine
invertebrate species in Ecuador.

Aware of these conditions, the Ecuadorian Government developed a
number of laws to regulate this sector. In 2012 the Acuerdo Ministerial
# 458 was published for the regulation and control of aquaculture
leases, which could be awarded in areas with rocky bottoms where the
cultivation of marine invertebrates may be technically feasible for re-
production and restocking natural populations (López-Alvarado et al.,
2016). Beside of that T. depressus has a high importance as human food.
Recently, Salas-Rojas et al. (2014) reported that T. depressus has im-
portance for human health. This species produces antimicrobial pep-
tides with a direct and stable activity against Suid herpesvirus type 1
and/or rabies virus. They have been characterized as new molecules
with antiviral activity for designing new drugs from the coelomic fluid
of this commercial and edible sea urchin species.

Consequently, this study has developed a perfectible new culture
technology for supplying juvenile seed of the native sea urchin T. de-
pressus for sea urchin aquaculture purposes in Ecuador. In other parts of
the world, there are producers who grow species of slow-growing sea
urchins. For this reason they have to face high investments and require
waiting approximately three years to achieve sea urchins of 55mm DT
(such as Paracentrotus lividus in Europe). In contrast with this, T. de-
pressus is the opposite. It is a species of sea urchin of rapid growth, and
therefore, the investment of money for its cultivation will be much
smaller. Additionally in its first year of cultivation the animals will be
larger in size with larger gonads.
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