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— ABSTRACT

The production of live microalgae poses challenges for the expansion of sandfish hatcheries, hindered
by high costs and limited technical resources. In relation to this, the use of three imported commercial
concentrates (Instant Algae®) - TW1200 (Thalassiosira weisflogii), TISO1800 (Isochrysis sp.), and Shellfish1800
(mixed diatom) - were compared with live Chaetoceros calcitrans (CC). The diet efficacy was evaluated based
on larval development, growth, and survival to late auricularia (LA) with hyaline spheres (HS), and the number
of post-settled juveniles. Larvae reared with TW did not progress beyond LA, while those fed CC exhibited
earlier LA development, larger sizes (1028.43 + 19.38 um), and significantly more post-settled juveniles (9,268
+ 2,183.79) compared to SHELL and TISO. Although TISO larvae reached a larger size during LA (855.7 +
62.67 um), SHELL resulted in a higher number of post-settled juveniles. The better performance of CC and
SHELL may be attributed to their higher carbohydrate content. Despite SHELL and TISO having lower juvenile
yields and longer feeding durations, the estimated cost per juvenile using SHELL, TISO, and CC were PHP 2.00,
PHP 11.77, and PHP 0.52, respectively. Results showed that microalgae concentrates are not a cost-effective
option under the studied conditions. The potential use of microalgae concentrates as supplemental feeds and
further research to develop the use of local microalgae concentrates to sandfish larval culture are discussed.
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1. INTRODUCTION

in many parts of the world. There are about 70
species that are commercially harvested for
the dried sea cucumber, ‘trepang, or ‘beche-de-mer’
market (Purcell et al. 2016). International trade is
rapidly increasing both in diversity and scale, which
has been recorded in at least 70 countries (Louw
and Bfirgener 2020). The increase in demand for sea
cucumbers in the global market led to overexploitation
in many countries (Purcell 2010; Conand et al. 2014).
Due to the sea cucumber’s high value and ease of
capture, stocks worldwide are overfished. Among
the overfished sea cucumber stocks reported earlier
are those in the New Caledonia, Solomon Islands,
Galapagos, Indonesia, Papua New Guinea, Australia,
Fiji, Madagascar, Red Sea in Egypt, and the Philippines
(Uthicke and Conand 2005).
The Philippines is considered a hotspot for sea
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cucumber fisheries and is one of the major producers
and exporters of “trepang” in the world (Choo 2008),
harvesting tropical species of sea cucumbers, yielding
an average of 2,937 tons annually from 1985 to 1997
(FAO 2022). In at least 60 municipalities in 14 regions
of the country, artisanal fishers collect sea cucumbers
as an alternative to fishing during off periods (Labe
2009). However, overexploitation led to a shortage
of supply from the wild (Akamine 2002). A total of
47 sea cucumber species have been recorded to be
commercially valuable, from 16 species in 1987, 25
species in 2000, and 33 species in 2008 (Trinidad-
Roa 1987; Schoppe 2000; Choo 2008; Labe 2009). The
country’s export of sea cucumber in 2008 was about
875 MT that valued at estimated amount of PHP 258
million, which is majorly exported to Hong Kong,
China, Japan, Korea, and Singapore (Brown et al.
2010). In 2018, sea cucumber exports decreased to 746
MT (FAO 2020) and 810 MT on average by 2020 (FAO
2022). From being the top producer of sea cucumber
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in the Indo-Pacific, the Philippines is now ranked
number 14% as the world’s sea cucumber producer
(FAO 2020).

Holothuria scabra, commonly known as
sandfish, is one of the overexploited species throughout
the Indo-Pacific region because of its high-value dried
product (Purcell et al. 2014; 2018). Dried sandfish
commands prices as high as USD 1,898 per kilogram
in Hong Kong (Purcell et al. 2018). The international
market prices for sea cucumbers have been increasing
for years, leading to the continued increase in fishing
pressure in many countries (Barclay et al. 2016),
including the Philippines. Given this situation,
sea cucumber aquaculture has been developed to
help rebuild declining stocks and increase fishery
production through restocking and sea ranching
(Battaglene 1999; Hamel et al. 2001; Asha and Muthiah
2007; Juinio-Mefez et al. 2017). Currently, many
countries in the Indo-Pacific and Southern Africa are
undertaking sandfish culture at varying scales (Jimmy
et al. 2012; Mills et al. 2012; Hamel et al. 2022).

H. scabra is highly suitable for aquaculture
due to its short larval phase, and wide temperature
and salinity tolerance (Hamel et al. 2001; Pitt and
Duy 2004). In the culture of sandfish, hatcheries rely
on the mass production of live cultured microalgae to
feed the larvae until post-settled juveniles for at least
30 days (Agudo 2006). The first microalgal species
used in the larval diet of H. scabra were Chaetoceros
calcitrans, Rhodomonas sp., Tetraselmis spp., and
Isochrysis galbana (Agudo 2006; Asha and Muthiah
2006; Battaglene 1999; Duy 2010; Ivy and Giraspy
2006; Morgan 2001). The use of C. muelleri as a single
diet was later suggested by Duy (2010) and was then
applied in Australia and Vietnam by Knauer (2011)
and Duy (2012), respectively. Other studies also
reported that a mixed diet of microalgae is superior
and important for better larval development (Dabbagh
and Sedaghat 2012; Ivy and Giraspy 2006). In the
Philippines, C. calcitrans, Rhodomonas sp., Tetraselmis
tetrahele, and I. galbana are commonly used as larval
food for H. scabra (Sibonga et al. 2021; Juinio-Mefiez
et al. 2012). These species have been administered as
single and mixed diet for the larval rearing (Gamboa
et al. 2012; Sibonga et al. 2021; Campo et al. 2019).

To date, few hatcheries in Luzon, Visayas,
and Mindanao are able to produce tens of thousands
of post-settled sandfish juveniles per year by using
live microalgae (Australian Centre for International
Agricultural Research 2021; Hamel 2022). However,
more hatcheries that are able to produce sandfish
juveniles for ocean nursery systems are needed to
effectively rebuild the wild stocks in the country.

Hatchery-produced juveniles that are translocated to
other sites could reduce the fitness of the animals and
could negatively affect the restocking efforts (Uthicke
and Purcell 2004). Moreover, genetically distinct
populations from different biogeographic regions in
the Philippines have been identified (Ravago-Gotanco
and Kim 2019). The conservation of genetic diversity
is an essential consideration in scaling culture
production in the Philippines (Juinio-Mefiez et al.
2017). Thus, hatcheries in different regions that can
produce cultured sandfish for restocking and grow-
out culture from the local genetic stock are imperative
for the responsible and sustainable development of
both culture and capture fisheries.

For many marine hatcheries, producing
live microalgae can be challenging due to the high
production cost and the lack of technical resources
and skilled persons (Coutteau and Sorgeloos 1992;
Oostlander etal. 2020). Mass production of microalgae
is usually cultivated outdoors or in open spaces which
are reliant on natural illumination and ambient
temperatures that are vulnerable to seasonality and
contamination. This can sometimes cause crashed
microalgal cultures that result in production loss (e.g.,
Sales et al. 2022). These issues have led to research
investigations of alternative food sources for larvae
using highly concentrated phototrophically grown
microalgae (Reed and Henry 2014). The products are
now commercially available and are considered to have
potential use in the hatchery culture of invertebrates
(Reed and Henry 2014; Rikard and Warton 2012).
Recently, “off-the-shelf” commercially available
microalgae from Instant Algae®, Reed Mariculture
Inc., USA have been used for sea cucumber culture
in Vietnam, Papua New Guinea, and Norway (Duy et
al. 2015; Militz et al. 2018; Schagerstrom et al. 2021).
Earlier experiments showed that some microalgae
concentrates are readily ingested and efficiently
digested by sandfish larvae and thus support their
growth, survival, and subsequent settlement as post-
settled juveniles (Duy et al. 2015). In terms of nutrient
composition, microalgae concentrate generally have
consistent composition, while live microalgae can
vary according to culture conditions such as culture
medium composition, temperature, and growth phase
(Reed Mariculture 2021; Pacheco-Vega & Sanchez-
Saavedra 2009; Pernet et al. 2003). Therefore, “off-
the-shelf” microalgae may support the development
of simpler and more reliable culture protocols for sea
cucumber hatcheries. Using microalgae concentrates
for mass production of sandfish juveniles has been
demonstrated with no comparison to live microalgae
(Militz et al. 2018). The use of microalgae concentrates
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as feeds remain underexplored, warranting additional
trials to evaluate operational feasibility, especially in
producing sandfish juveniles in the hatchery. There is a
need to expand H. scabra hatchery culture production
in the Philippines (Juinio-Mefiez et al. 2017), and
alternative or supplemental larval feeds, such as
microalgae concentrates, may aid in the expansion
of sandfish hatcheries, especially those that lack live
microalgae culture facilities. This is potentially a
significant factor in expanding the hatchery culture
production of sandfish in the Philippines while
maintaining genetic diversity since the genetic stock
of sandfish is not the same in different regions of the
archipelago (Ravago-Gotanco and Kim 2019).

In this study, we compared the larval
development, growth, and survival rates using three
imported commercial microalgae concentrates (TW
1200°, TISO 1800°, Shellfish 1800°) and live Chaetoceros
calcitrans as a benchmark for live microalgal feed. The
metamorphic success per treatment was evaluated
based on the presence and size of hyaline spheres
(HS) in late auricularia, and settlement success. The
number of post-settled juveniles was used as a basis
to estimate the production cost per juvenile in each
treatment. We hypothesized that if the metamorphic
success of H. scabra reared in microalgae concentrates
is better, then it could be an alternative feed to live
microalgae. In addition, the cost of production of each
juvenile will be lower.

2. MATERIALS AND METHODS
2.1 Larval production

Larvae used for this study were produced
from H. scabra broodstock collected from the Bolinao-
Anda Reef Complex in Pangasinan, Philippines
(16°16°36.1” N, 120°00°09.0” E) and were reared in
the hatchery at the Bolinao Marine Laboratory (BML)
of the University of the Philippines. Broodstock was
collected and conditioned two weeks prior to spawning
induction. These were maintained in a tank with sand
as substrate, supplied with mild aeration, and flowed
through filtered seawater. The mean weight of the
broodstock was 196.6 + 22.6 g.

Broodstock was induced to spawn by a
combination of desiccation, thermal shock, and food
shock following the methods modified from Agudo
(2006). Spawning was observed in 10 females and
18 males. Each individual was placed in a separate
container to collect eggs and sperms. In a separate bin,
10 mL of sperm was added to 40 L of egg concentrate.
Fertilized eggs were then stocked in a bin, and samples
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were taken to assess the success of the fertilization.
Fertilized eggs were transferred to twelve 500 L larval
rearing tanks (with an effective volume of 400 L) with
a stocking density of 0.3 eggs mL"', supplied with mild
aeration sufficient for water and food circulation in
the tanks.

2.2 Larval rearing and feeding

Three commercial microalgae concentrate
products developed by Instant Algae®, Reed
Mariculture Inc., namely: (1) TW 1200 (Thalassiosira
weisflogii; TW), (2) TISO 1800 (Isochrysis sp.; TISO),
and (3) Shellfish 1800 (mixed diet of Isochrysis sp.,
Pavlova sp., Tetraselmis sp., Thalassiosira pseudonana,
T. weissflogii; SHELL) were used as experimental
treatments. The microalgae concentrate treatments
were compared with cultured live Chaetoceros
calcitrans (CC), which is being used at the BML
sandfish hatchery, as the positive control treatment.
Each diet treatment had three replicates and was
randomly assigned to larval-rearing tanks. Feeding
started two days after fertilization with a ration of
20,000 cells mL* per day, partitioned into three feeding
times daily (9 AM, 3 PM, and 8 PM). Although the cell
size differed among the microalgal feeds, the uniform
ration was adopted to standardize microalgal cell
density among treatments. Feeding was stopped when
the majority of the larvae monitored in the water
column were in the doliolaria stage.

Microalgae concentrates were kept in the
original containers and stored at 4°C for the duration
of the study. Prior to feeding, the average cell density
mL" of each microalgae concentrate was determined.
A 1 mL aliquot of the concentrate was added to 1 L
of filtered seawater and was mixed thoroughly to
evenly distribute the microalgae cells. The suspension
was poured through a 60 pm mesh screen to remove
any clumps before counting the cells. For each type of
algal concentrate, the cell counts from a 0.1 mL aliquot
were determined using a hemocytometer to calculate
the volume needed for the required ration in larval
tanks. Prior to adding the concentrates to the tanks,
the suspension was first poured onto a 60 um mesh
screen to remove any clumps.

Approximately 50-70% of the water was
changed in larval rearing tanks every other day
throughout the study for 30 days in live treatment
(Agudo 2006) and 35 days for microalgae concentrate
treatments until post-settlement. Tank cleaning,
together with the water change, was done every week
to regularly remove or siphon out the excess food.
The duration of larval rearing on the microalgae
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concentrate treatments was five days longer than
in the live microalgae due to the late settlement of
the larvae in concentrate treatments. Water quality
parameters were also assessed twice daily at 9 AM and
3 PM for the duration of the study. The mean water
temperature was 25.83 + 0.92°C, salinity at 34.1 + 0.96
ppt, pH at 8.05 + 0.15, and dissolved oxygen at 6.84 +
0.71 mg/L during the duration of the experiment.

Once more than 50 % of competent
doliolariae were observed, the settlement was induced
on Day 16 (D16) for CC live treatments and D25
for microalgae concentrates treatments by adding
polycarbonate corrugated settlement plates (41 x 38
cm) coated with Spirulina (Duy 2010) at the bottom of
the tanks.

2.3 Larval development, growth, and survival

Larval stages and length were monitored
every other day, starting D2 until D20. Samples were
collected using a 60 pm nylon mesh net. The larval
development and size of 50 larvae per tank were
recorded while the development stages were assessed
following Ramofafia et al. (2003) and Agudo (2006).
Abnormal larvae were also noted, indicated by the
decrease in size, distorted or unextended lateral
processes, bent posterior projection, and unformed or
shapeless stomach (Sibonga et al. 2021).

Larval survival was then determined every
other day, starting D3 until D23. Three replicates of 50
mL water sample from each tank were collected and
the average number of larvae per mL was determined
for the larval density. Percent survival over time was
estimated from the difference in the average density
of larvae per sampling period relative to the initial
stocking density of fertilized eggs (0.3 eggs mL™").

2.4 Metamorphic and settlement success

Metamorphic competency was based on
the percentage of late-stage auricularia with hyaline
spheres (HS) and its average size. HS were used as
indicators of nutritional status and metamorphic
success (Duy et al. 2016; Peters-Didier and Sewell
2019). From the 50 larvae samples per tank, the
number of late auricularia with HS was counted from
D10 to D20 to get the percentage of larvae with HS. The
average sizes of HS per treatment were then measured.
The total length at each development stage, presence,
and sizes of HS were measured using a microscope
with a digital Dino-Lite eyepiece.

Settlement success was determined by the
number of post-settled juveniles counted after the

experiment. The number of post-settled juveniles
in each tank was determined from photographs of
juveniles in 3 replicate representative 26 cm* areas
where settled juveniles were observed (6 settlement
plates, side, and bottom of tank). In the CC treatment
tanks, juveniles settled on the settlement plates, the
sides, and the bottom of the tanks, while juveniles only
settled on the bottom of the tank in the microalgae
concentrate treatment tanks. The surface areas
(SA) of the side and bottom of the tanks were 2.13
m’ and 1.04 m? respectively, and 0.31 m’ for each
settlement plate. Since juveniles did not settle on
all tank surfaces and settlement plates, the juvenile
number was determined by taking 10% of the surface
areas as a conservative estimate of juveniles in each
replicate tank. Photographs were taken on D30 for
CC treatment and on D35 for TW, TISO, and SHELL
treatments. Juveniles were counted from photographs
using Image] software. To obtain the total estimate of
the number of juveniles using the representative 26
cm? area (RA) in each tank, juveniles on surfaces of
tanks and settlement plates were estimated separately
using their respective surface areas. This formula was
used:

Number of juveniles = % x 0.10 x no. of juveniles in RA

where: SA is the surface area of either part of the tank
or settlement plate and RA is the representative area.

The percent survival from egg to post-
settled juveniles per treatment was then calculated by
dividing the number of post-settled juveniles by the
number of stocked larvae with the stocking density of
0.3 eggs mL"in 400 L volume.

2.5 Production cost

The costs of producing juveniles for each
treatment for the whole duration of the experiment
were determined. The estimated costs in the larval
rearing up to post-settlement of juveniles include
electricity, water, Spirulina, labor for feeding and
maintenance, and separate additional costs for live
and microalgae concentrate treatments (Supplemental
Table 3). To estimate the price per juvenile for each
treatment, the total cost for larval rearing is divided by
the number of post-settled juveniles produced.

Estimated daily electricity and water
(seawater and freshwater pump usage) costs for
larval rearing per treatment were determined from
daily electrical usage multiplied by the number
of rearing days. In the live CC treatment, the cost
was calculated for 20 days of feeding days and an
additional 10 days for the maintenance of tanks before



Metamorphic Success and Production cost of Holothuria scabra Reared

estimating the number of post-settled juveniles.
Additional electricity and water costs for the culture
of live microalgae were also estimated. These included
added costs for the air conditioner, refrigerator, and
LED lamp used in the algal room and additional
use of seawater for the mass culture of microalgae.
In microalgae concentrate treatments, the electrical
and water costs were calculated for 35 days as well
as the respective total feeding and maintenance days
until post-settlement. Electrical consumption for the
refrigeration of microalgae concentrates was also
added to the estimated cost.

Other estimated costs for live microalgae
include fertilizers and chemicals for microalgae
culture. For microalgae concentrates, the cost of each
bottle and the logistical fees were noted. The costs
of daily hatchery labor and Spirulina for settlement
induction were the same for all treatments.

2.6 Data analysis

For each monitoring period, mean =*
standard deviation for larval sizes, survival, presence,
and diameter of hyaline spheres in late auricularia, and
number of post-settled juveniles were obtained per
treatment. The number of late auricularia with hyaline
spheres and survival of post-settled juveniles from the
larval stage were expressed in percentages. All data
were tested for normality and heterogeneity using
the Shapiro-Wilk test and Levene’s test, respectively,
and those that did not fit the assumptions were
transformed using the log, square root, and arcsine
functions. Normally distributed data in larval length
and survival were tested with One Way Analysis of
Variance (ANOVA). Pairwise comparisons between
groups were done using Tukey’s HSD post-hoc test.
Data on larval length, hyaline sphere presence and
diameter, and the data set in post-settled juveniles that
did not conform to normality even after transformation
were analyzed using the Mann-Whitney U test and
Kruskal-Wallis test. A Pearson correlation coeflicient
test was performed for the relationship between the
presence and diameter of hyaline spheres in late
auricularia. Significant differences among treatments
were considered if p < 0.05. All statistical analyses
were executed in Statistica 14.0 (Statsoft, Inc., USA).

Relative abundance (%) of different larval
developmental stages was visualized using a stacked
bar chart to identify dominant larval stages between
different treatments. The size distributions of all
larvae sampled per treatment were summarized in box
plots per day to show variability within and among
treatments over time. Since larval development within
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each treatment was not synchronous, the proportion
of different stages during each sampling period and
the sizes of the dominant larval stages were compared
to evaluate relative larval growth and development
rates across treatments.

3. RESULTS
3.1 Larval development and growth

The rate of development (i.e., progression of
the dominant larval stages) in microalgae concentrate
treatments and live treatment differed considerably.
Figure 1 shows the percentage of early, middle, and late
auricularia larval stages at different monitoring points.
Based on the distribution of larval stages per day,
larval development was almost similar between TISO
and SHELL. LA was present by D6, and doliolaria were
first observed on D12 and D14. However, the majority
of the larvae were still at LA on D20, while doliolaria
never dominated on any day in TISO and SHELL
treatments. The slowest development was observed
in the TW treatment. There were few LA on D8, but
most of the larvae did not progress beyond middle
LA and no doliolaria larvae were observed (Figure 1).
Meanwhile, larval development was much faster in
CC than in the microalgae concentrate treatments. LA
were already observed on D6, while doliolaria larvae
were observed starting D10 and was the majority stage
of larvae until D20. Feeding was stopped in CC at D20
since no LA larvae were already observed, while it was
continued in the microalgal treatments until D35.

Larvae with morphological abnormalities
were mostly observed in the three microalgae
concentrate treatments (1-18.3%) but not in the live
microalgae, starting with D12 with high numbers from
D18 to D20 (Figure 2a-2¢). In comparison, larvae in
the CC treatment on D10 were well-developed LA
(Figure 2d).

The size profiles of all larvae sampled in the
diet treatments during different monitoring days are
shown in boxplots in Supplemental Figure 1. On D2,
body lengths of the early auricularia in all treatments
had similar median sizes ranging from 524.5 um to 536
pm. This was also evident in short and centered boxes
between the first and third quartiles. By D4, larvae
in the middle auricularia (MA) stage significantly
increased in size from D2 among treatments based
on the non-overlapping box plots. Differences in sizes
among treatments were first evident in D6 with the
development of late auricularia (Figure 1). In the three
microalgae concentrate treatments, the composition
of the larval stages was variable, and the dominant
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Figure 1. Relative abundance (percentage) of early, middle, late auricularia; doliolaria, and abnormal larvae of Holothuria
scabra fed with microalgae concentrates (TISO, TW, SHELL) and live microalgae (CC) over the 20-day rearing period.

Figure 2. Abnormal early auricularia-like larvae in microalgae concentrate treatments at particular days (D); (a) TW
(D20), (b) TISO (D18), (c) SHELL (D19); compared with well-developed late-stage auricularia in the (d) CC (D10).
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stage sampled was not consistent from D6 to D20
(Supplemental Figure 1). On the other hand, the body
length sizes in CC were significantly higher than in the
microalgae concentrate treatments (Table 1). This was
observed from D6 to D10 when the dominant stage
was LA, as indicated by the non-overlapping boxplots
from other treatments (Supplemental Figure 1). On
D6, D8, and D10, CC treatment had median sizes of
916.5 pm, 1,045 um, and 1,015 pm, respectively, which
decreased to 591 pm and 520.5 pm on D12 to D14
when larvae metamorphosed into the non-feeding
doliolaria stage.

In all treatments, larval length increased from
early to LA (Table 1, Supplemental Fig. 2). The average
length of EA on D2 (Table 1) was not significantly
different among treatments. In the MA stage on D4,
among the microalgae concentrate treatments, TISO
had a significantly greater mean length (646.2 + 19.6
pm) than with larvae fed with SHELL being the lowest
(607 + 4.67 um). In the live treatment, the average size
of larvae in CC was significantly larger than SHELL
and TW, but not with TISO.

Development to LA among the microalgae
concentrate treatments was dominant only on D20 in
TISO and SHELL (Table 1). Moreover, the larvae were
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smaller, with the highest mean body lengths at only
855.73 £ 62.69 pm and 806.6 + 80.57 pm, respectively.
Notably, very few larvae developed to LA stage in TW.
Thus, LA was never dominant on any day throughout
the experimental period in TW. In contrast, the
fastest development was observed in CC, with the
observed presence of LA as early as D6 (Figure 1).
These larvae also attained the longest body length by
D8 (1028 + 19.38 pm) compared to those microalgae
concentrate treatments (806.6 + 80.57-855.73 + 62.69)
(Supplemental Figure 2).

3.2 Survival of larvae

Survival of larvae varied in different
treatments as the experiment progressed (Figure 3,
Supplementary Table 1). There was no significant
difference between TISO and SHELL, with survival of
97.7 % and 87.6%, respectively, on D13 and survival
of 48.9% and 49.6%, respectively, on D21. Meanwhile,
live CC had higher survival during the LA stage on
D7 and D9 but no significant difference with the TISO
and SHELL. Average survival in TW was significantly
lowest (ANOVA, p < 0.05), starting at D13 with
31.7% until D21 with 23.4%. A sharp decrease in

Table 1. Mean body length (means + SD) of different auricularia stages of Holothuria scabra fed with microalgae concentrates and live
microalgae. Early auricularia stage on D2, middle auricularia stage on D4, Late auricularia stage on D8 for CC using ANOVA and D20 for

TISO and SHELL using Kruskal-Wallis test.

Larval Size of different Auricularia stages (pum)

Treatments

Early (D2) Middle (D4) Late
TISO 523.07 +11.1° 646.2 + 19.6 855.73 + 62.69° (D20)
SHELL 525.93 +4.42* 607 +4.67° 806.6 + 80.57¢ (D20)
™ 517.71 £ 5.23° 62322+ 8° Not dominant on any day
CC 525.7 £9.14* 663.71 +13.89° 1028.43 + 19.38* (D8)

Note: Values with different superscripts indicate significant differences across treatments (p < 0.05).
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Figure 3. Percent survival of Holothuria scabra larvae in different treatments.
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larval density occurred in one of the TW replicate
tanks on D12 and in two replicate tanks of the SHELL
treatment on D21 and D23, respectively. The decrease
in larval densities observed on D10 in CC was mainly
attributed to larval settlement.

3.3 Metamorphic and settlement success

Among the microalgae  concentrate
treatments, larvae in TISO and SHELL started to
metamorphose into doliolaria on D12 and D14,
respectively. In TW, LA appeared on D8 but did not
dominate on any day (Figure 1), and no doliolaria
larvae were observed in this treatment. Larvae in CC
metamorphosed to LA starting D6 and comprised the
highest percentage of larval stages by D8. In the same
treatment, larvae that metamorphosed to doliolaria
were first observed on D10 and were predominant on
Di2.

Due to the varying development rate of
larvae in the different treatments, there were no
hyaline spheres on other late-stage auricularia during
other sampling dates (Figure 4). LA with hyaline
spheres was mostly sampled on D10 to D20 in the

microalgae concentrate treatments. The number of
LA larvae with hyaline spheres and the size of the
hyaline spheres were relatively higher in SHELL and
TISO (Figure 4, Table 2). No significant differences
were observed in the development of hyaline spheres
(HS) in SHELL and TISO, but it was significantly
lowest in TW (Table 2). In contrast, larvae in CC were
the first to develop HS, with the significantly highest
number of larvae with HS and the largest HS among
all treatments (Table 2). As shown in Figure 1, most
of the larvae fed with live CC settled by D16, and the
remaining larvae were mostly in the doliolaria stage.
Therefore, no additional larvae were sampled in this
treatment for hyaline spheres monitoring beyond this
date. Moreover, treatments with a higher percentage of
LA with large hyaline spheres were observed to have
a positive correlation (p < 0.05) with the number of
settled juveniles at the end of the experiment.

The average number of post-settled juveniles
was estimated in the CC tanks at D30 and D35 for
the microalgae concentrate treatment tanks. Notably,
while TISO performed better than the SHELL diet in
terms of larval development, post-settled juveniles
were higher in the latter treatment. No post-settled
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Figure 4. Size of hyaline spheres in late auricularia larvae sampled during daily monitoring in the different

treatments with error bars indicating standard deviations. Absence of late auricularia with hyaline spheres in

samples is denoted by 0.

Table 2. Percentage of late auricularia larvae with hyaline spheres and their sizes and estimated average number of post-settled juveniles by

D30 for CC and D35 for other microalgae concentrate treatments.

Treatment Percentage of late Auricularia Size of Hyaline Average no. of settled juveniles in settlement
with hyaline spheres (%) spheres (um) plates and surface area of tanks
TISO 14 (D20)® 61.42 + 6.53" 415 + 270.6¢
SHELL 16.67 (D20)® 60.14 + 3.77° 2,414 + 1,968.44°
™W 4(D12)® 25.33 + 19.57¢ 0
CC 76.67 (D10)* 80.33 £ 1.63° 9,268 +2,183.79*

Note: Values with different superscripts indicate significant differences across treatments (p < 0.05).
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juvenile was observed in TW. Meanwhile, settled
juveniles in CC were three-fold higher than SHELL,
and 20 times greater than TISO (Table 2). The average
survival from egg to post-settled juveniles is 7.72% for
CC, 2.01% for SHELL, and 0.35% for TISO.

3.4 Production cost

Overall, the cost for the use of live microalgae
(CC) was lower when compared with TISO and SHELL
but not with TW (Supplemental Table 3). Despite the
higher cost of electricity and labor due to the culture of
microalgae, the cost of microalgae concentrate bottles,
along with the logistics fees and the labor, including
feeding until D35, contributed to a larger expense in
the microalgae concentrate treatments. Since the yield
of the post-settled juveniles in CC was much higher,
the estimated price per juvenile is only PHP 0.52 per
juvenile, while it is PHP 2.00 and PHP 11.77 for the
SHELL and TISO treatment, respectively (Table 3). No
juvenile was produced in the TW treatment.

4. DISCUSSION

The viability of using some imported
microalgae concentrates was validated. Moreover,
the results of the study provided an initial basis for
the evaluation of the relative efficacy and production
efficiency of the different microalgae concentrates.
Larval performance, metamorphic and settlement
success, and estimated production cost of post-settled
juveniles were better in the live microalgae treatment
than any of the microalgae concentrates under the
rearing condition in this study. Consequently, the cost
of production was higher for microalgae concentrates.
Further studies on the potential use of microalgae
concentrates as supplemental or alternative feed are
discussed.

4.1 Larval development and survival

Several factors affect the development of
larvae until post-settlement. Larval quality is assessed
based on the larval size, progression to larval stages,
and larval survival. The results of CC treatment in this

on Microalgae Concentrates Compared with Live Microalgae

study were considered a benchmark for current larval
rearing practice under similar rearing conditions to
compare the three microalgae concentrate treatments.
In general, the length of larvae and progression to
developmental stages in all the treatments excluding
TW are comparable with other studies on sandfish
larval development (Knauer 2011; Agudo 2006; Duy
2010; Juinio-Menez et al. 2017). However, the results
arenotdirectly comparable since the rearing conditions
in the other studies were different. In addition, studies
on sandfish larval feed until settlement did not
compare microalgae concentrates and live microalgae
(Militz et al. 2018; Duy et al. 2016).

The normal development and survival of
larvae are prerequisites for successful metamorphosis
to post-settled juveniles and could be attributed to
nutritional content. Results of this study suggest that
larval growth and survival were better in diets with
higher carbohydrate content. In other studies, animal
and plant feed diets with high carbohydrate content
also supported rapid growth in larger H. scabra
juveniles (Orozco et al. 2014) as well as in Stichopus
(Apostichopus) japonicus and Australostichopus mollis
(Zhou et al. 2006; Slater et al. 2009). Carbohydrate
content is reported to be more important than dietary
protein and lipid in determining the nutritional value
of microalgae (Duy et al. 2016). Among the microalgae
concentrate treatments, TISO has the highest percent
carbohydrate component, with 24% in dry weight,
followed by SHELL, with 22%, and the least TW, with
12% (Reed Mariculture 2021). Notably, larvae in the
TISO diet performed better from middle to late larval
stages compared with the SHELL diet. Meanwhile,
larvae in TW consistently had poor development and
survival throughout all the larval stages resulting in
no post-settled juveniles produced. This is contrary to
the study of Duy (2016) that used progressive feeding
of microalgae concentrates from Reed Mariculture,
such as TISO and TW, for larval rearing of sandfish.
Poor health during the early stages may be carried
over to the later stages, precluding the accumulation
of sufficient nutrients in the doliolaria stage. As the
experiment progressed, stunted and abnormal growth,
and mass mortalities among larvae were observed in
the TW treatment. The incidence of bacterial growth

Table 3. Estimated cost per juvenile reared in different treatments. Calculations are from the total post-settled juveniles in three replicate
tanks and the total cost estimate of hatchery operations (breakdown in Supplementary Table 3) during the rearing period.

CcC TISO SHELL ™
Total post-settled juveniles 27,804 1,245 7,243 0
Total cost estimate for rearing (PHP) 14,350.75 14,647.02 14,502.93 11,773.77
Estimated cost per juvenile (PHP) 0.52 11.77 2.00 ~
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may be related to the greater amount of uneaten food.
Thus, aside from the poor nutrition of the diet, poor
water quality could have also contributed to mass
mortalities in the TW treatment.

Live Chaetoceros calcitrans is also high in
carbohydrate content (23.4-26.1%) (Brown et al
1997), which supports the development of larvae. In
addition, the better growth performance in CC may
also be related to the motility of the cells. The cells may
be more accessible to the larvae than the microalgae
cells in the concentrates, which readily settle on the
bottom of the tanks, thus reducing the availability of
cells for the larvae in the water column (Duy et al.
2015).

4.2 Metamorphic and settlement success

Late auricularia is a competent stage of
sandfish larvae that is physiologically ready to
metamorphose if stimulated properly (Hamel et
al. 2022). Further, transformation to doliolaria
larvae until pentactula or the post-settled stage is an
indication of larvae competence to metamorphose.
Transition to this stage, as well as the development of
hyaline spheres, can be an indication of metamorphic
success (Battaglene 1999). These spheres function
as nutritional reserves providing nutritive support
for the non-feeding perimetamorphic period before
the settled juveniles are competent to feed (Chen et
al. 1991; Smiley et al. 1991). Ramofafia et al. (2003)
reported that competent and healthy late auricularia
H. scabra fed with live microalgae have an HS diameter
of 50-70 pm, and those poorly developed have < 30
pum diameter. Moreover, HS diameters of 25-40 pm in
larvae that are fed with microalgae concentrates are
considered acceptable levels to support subsequent
survival and growth (Duy et al. 2016). In this study,
the late auricularia in CC had a larger HS diameter
(80.33 £ 1.63 um on D10) while the average diameters
of HS in TISO and SHELL on D20 (61.42 * 6.53 pm
and 60.14 * 3.77 pm, respectively) are within what is
expected for competent and healthy larvae. In TW, a
few late auricularia had very small HS (25.33 + 19.57),
and no larvae developed into doliolaria. According to
Duyetal. (2016), thereis a positive correlation between
HS formation and dietary levels of carbohydrates. The
results of this study further indicate that the feeds with
higher carbohydrate content promote better larval
growth and development.

While there was no significant difference
in the average HS diameter in the TISO (mono
species) and SHELL (mixed species) treatments, larval
development to middle and late auricularia was better

in the former. The number of post-settled juveniles
produced in the SHELL treatment was also five
times higher than in TISO. This clearly indicates that
H. scabra larvae were able to ingest the SHELL diet
efficiently and assimilated more nutrients compared
to the mono species concentrates TISO and TW. This
is contrary to the report of Duy et al. (2015) which
states that the efficacy of the SHELL mixed diet is
lower compared with other algal concentrates. The
higher post-settlement success in the SHELL diet
compared to TW and TISO is consistent with studies
that show that mixed diets are more nutritious than
mono-species diets (Brown et al. 1989; Knauer and
Southgate 1999). Nevertheless, post-settlement
success in the live mono species Chaetoceros calcitrans
treatment was over three times greater than in SHELL
and an order of magnitude greater than for TISO. This
indicates that the live CC diet is more nutritious than
any microalgae concentrate. Based on all performance
indicators in this study, the nutritional value of live
CC is evidently far better than the three microalgae
concentrates. Determining the most suitable feed
during different larval stages is another method to
improve the production of larvae and post-settled
juveniles using microalgae concentrates (Militz et al.,
2018; Duy et al., 2016).

The number of juveniles produced in this
study in CC and SHELL is comparable to the 2.5%
survival rate from egg to post-settled juveniles in
other studies that used live microalgae (Mills et
al. 2012). The total juvenile yield in the same two
treatments is also higher than the total post-settled
juveniles produced in the study of Militz et al. (2018),
which used microalgae concentrates. TISO, on the
other hand, has a lower survival rate and juvenile yield
compared to the aforementioned studies.

4.3 Prospective use of microalgae concentrates

Under the single diet and fixed standard
feeding regimen in this study, the use of commercial
microalgae concentrates was not a lower-cost option
for the production of post-settled H. scabra juveniles.
Based on the estimated price per juvenile (Table
3) reared in SHELL and TISO, the costs were about
284.6% and 2163.5% higher compared to the CC live
treatment, respectively. The higher cost was due to
the significantly lower yield of post-settled juveniles,
the longer feeding duration, and the logistical cost
from the international supplier. Despite the higher
production cost, the ability of microalgae concentrates
to produce post-settled juveniles indicates that it
can be used as an alternative food for larvae in the
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absence of live feeds. This will be advantageous to
hatcheries that do not have the capacity to produce
live microalgae. The use of microalgae concentrates in
these hatcheries will still be a lower-cost option relative
to putting up a new culture facility. Economic viability
is the key factor in determining the appropriateness
of utilizing microalgae concentrates. If incorporating
microalgae concentrates as food input proves to be
more financially advantageous for hatcheries, the
adoption of this low-cost feed for many sandfish
hatcheries would follow. High operational expenses
associated with sandfish larval rearing can be further
improved by utilizing microalgae concentrates as food
input in many local hatcheries.

Various studies have shown that live mixed
cultures are better in larval development (Brown et
al., 1989; Knauer and Southgate, 1999). Among the
microalgae concentrates, the mixed species SHELL
(mixed diet of Isochrysis sp., Pavlova sp., Tetraselmis
sp., Thalassiosira pseudonana, T. weissflogii) may
potentially be used as a supplementary larval feed
during the late auricularia stage when more larvae are
competent to settle. During this time, the settlement
of the microalgae concentrate on the bottom may
enhance post-settlement success (Duy et al. 2016).
The cost per juvenile produced was lowest when
using SHELL, and this is particularly important
for hatcheries that are not capable of producing live
microalgae. In lieu of live mixed microalgal feeds,
using mixed microalgae concentrates as supplemental
feed may help to improve the cost-efficient production
of quality larvae and juveniles in the hatchery (Militz
et al. 2018). SHELL can supplement the single-
species diet of live microalgae currently used in local
hatcheries.

Microalgae concentrates used in this study
were from an international supplier; however,
the potential of using local microalgae feeds for
hatchery production of sandfish post-settled juveniles
warrants investigation. Locally-produced commercial
microalgae concentrates (e.g., Zinaya Algal Paste
from Kamino Algae Technologies Inc. and Juan Algae
from Algacon Aquafeed) have been developed. The
concentrate species produced by the two Philippine
brands are Nannochloropsis sp., Thalassiosira sp.,
Tetraselmis sp., Chaetoceros calcitrans, Chaetoceros
muelleri, and Chlorella vulgaris that are commonly
used for shrimp, milkfish and other high-value
finfish, and mollusk. These products can potentially
increase the percent survival on their production and
lessen their monthly operating expenses (Quiambao
2022; Atienza 2022). The availability of suitable local
microalgae concentrates provides an opportunity

on Microalgae Concentrates Compared with Live Microalgae

to evaluate the use for rearing sea cucumber larvae
and reduce the cost of hatchery production. Live C.
calcitrans has been widely used in the mass production
of sandfish post-settled juveniles (Pitt 2001; Agudo
2006). C. muelleri is also used as a single diet in
Vietnam and is considered a highly nutritious feed for
sandfish larvae (Duy 2010; Knauer 2011). Both species
are routinely used in the production of sea cucumber
juveniles at the University of the Philippines Marine
Science Institute Bolinao Marine Laboratory. The
viability of these local Chaetoceros concentrates on
improving metamorphic and settlement success can
accelerate the expansion of sandfish hatcheries that are
not able to produce live microalgae.

5. CONCLUSIONS AND
RECOMMENDATIONS

Based on the metamorphic and settlement success and
production costs of H. scabra juveniles, none of the
microalgae concentrates was better than live microalgal
feeds. However, for cases where live microalgae are
unavailable in a hatchery, concentrates could be
alternative diets, although juvenile production will be
lower than that for live microalgae.

Utilizing microalgae concentrates in hatchery
systems is a recent innovative approach aimed at
overcoming logistical issues linked to the continuous
cultivation of live microalgae. This study validated the
potential use of the imported commercial microalgae
concentrate for the hatchery production of juvenile
sandfish, as shown in other studies conducted
under different rearing conditions. However, the
use of these imported concentrates is not a lower-
cost option compared to the use of live Chaetoceros
calcitrans. Among the microalgae concentrates tested,
SHELL, a mixed diet concentrate, may be used as a
supplementary feed during the late auricularia stage
to improve settlement success. This is indicated by the
higher number of juveniles produced compared to the
monospecific concentrates in the study.

Additional logistical costs incurred in
importing microalgae concentrates coupled with the
lower yield of post-settled juveniles accounted for the
higher estimated cost of juveniles. The availability of
local microalgae concentrates presents opportunities
to reduce the cost of production using suitable feeds.
In particular, the use of Chaetoceros spp. concentrates
should be evaluated and optimized. This will enable
more hatcheries to produce sandfish post-settled
juveniles. Increasing the number of hatcheries that
can produce H. scabra juveniles can accelerate the
integration of sandfish post-settled juvenile production
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in marine hatcheries throughout the archipelago. The
increased supply of juveniles produced from local
genetic stocks will increase culture production while
conserving the population genetic diversity of this
high-value species in the country.

ACKNOWLEDGMENT

This study was funded by Australian Centre
for International Agricultural Research (ACIAR)
through the project FIS/2016/122 “Increasing technical
skills supporting community-based sea cucumber
production in Vietnam and the Philippines” and
administrative support from the Marine Environment
and Resources Foundation (MERF), Inc. We would
also like to thank the Bolinao Marine Laboratory
of the University of the Philippines Marine Science
Institute for the use of facilities and equipment. We
are grateful to our collaborators, Jon Altamirano and
Roselyn Noran, and SEAFDEC AQD for guidance
on the methods used for preparation and protocols
of microalgae concentrate feeding regimen. Special
thanks to JayR Gorospe for comments on the earlier
draftand Jerwin Baure for copyediting this manuscript.
The assistance of Mr. Tirso Catbagan in the culture of
larvae and maintenance of the experimental tanks was
invaluable during the experiment.

SUPPLEMENTARY MATERIAL

Below is the link to the electronic

supplementary material.
Supplementary file

AUTHORS CONTRIBUTIONS

Garpa TJS: Methodology, Validation,
Formal analysis, Investigation, Data Curation,
Writing-Original Draft, Writing- Review & Editing,
Visualization. Caasi OJC: Methodology, Investigation,
Formal analysis, Writing-Review &  Editing,
Visualization. Juinio-Meiiez MA: Conceptualization,
Methodology, Resources, Writing-Original Draft,
Writing-Review & Editing, Supervision, Project
administration, Funding acquisition.

DECLARATIONS

A preprint of this manuscript is submitted
in Research Square but has not been peer reviewed
and published in other journals. DOI: https://doi.
0rg/10.21203/rs.3.rs-2149436/v2.

FUNDING

Australian ~ Centre  for  International
Agricultural Research (ACIAR) through the project
FI1S/2016/122 “Increasing technical skills supporting
community-based sea cucumber production in
Vietnam and the Philippines”

CONFLICTS OF INTERESTS

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work
reported in this paper.

ETHICS STATEMENT

The authors confirm that they have adhered
to the journal's ethical policies. No ethical approval is
required.

AVAILABILITY OF DATA
AND MATERIALS

The datasets generated during and/or
analyzed during the current study are available from
the corresponding author upon reasonable request.

REFERENCES

Agudo N. 2006. Sandfish hatchery techniques.
Australian ~ Centre  for  International
Agricultural Research, Secretariat of the
Pacific Community and the WorldFish
Center, Noumea, New Caledonia. 44 p.
https://digitalarchive.worldfishcenter.org/
handle/20.500.12348/1857

Akamine J. 2002. Trepang exploitation in the
Philippines: updated information. SPC
Beche-de-mer Info Bull. 17:17-21. https://
www.semanticscholar.org/paper/Trepang-ex-
ploitation-in-the-Philippines%3A-Updated
Jun/07375807e069345d2392edal243a1975aa-
d5c6dd

AshaPS,Muthiah P.2006. Effectsofsingleand combined
microalgae on larval growth, development
and survival of the commercial sea cucumber
Holothuria spinifera. Aquaculture Research.
37(2):113-118. https://doi.org/10.1111/j.1365-
2109.2005.01396.x


https://www.nfrdi.da.gov.ph/tpjf/etc/garpa-et-al-supplementary-file.pdf
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/1857
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/1857
https://doi.org/10.1111/j.1365-2109.2005.01396.x
https://doi.org/10.1111/j.1365-2109.2005.01396.x

Metamorphic Success and Production cost of Holothuria scabra Reared

Asha PS, Muthiah P. 2007. Growth of the hatchery-
produced juveniles of commercial sea
cucumber Holothuria (Theelothuria) spinifera
Theel. Aquacult. Res. 38:1082-1087. https://
doi.org/10.1111/j.1365-2109.2007.01775.x

Atienza JJ. 2022. Showcasing MSMEs: Juan Algae by
Algacon Aquafeeds Manufacturing. https://
beta.entrepreneurship.org.ph/2022/10/06/
showcasing-msmes-juan-algae-by-algacon-
aquafeeds-manufacturing/

Australian Centre for International Agricultural
Research. 2021. Increasing technical skills
supporting community-based sea cucumber
production in Vietnam and the Philippines.
https://www.aciar.gov.au/project/fis-2016-122.

Barclay K, Kinch ], Fabinyi M, Waddell S, Smith G,
Sharma S, Kichawen P, Foale S, Hamilton
R. 2016. Interactive Governance Analysis of
the Béche-de-Mer ‘Fish Chain’ from Papua
New Guinea to Asian Markets, University of
Technology, Sydney. https://doi.org/10.13140/
RG.2.2.10787.66083

Battaglene SC. 1999. Culture of tropical sea cucumbers
for stock restoration and enhancement. Naga,
The ICLARM  Quarterly.  22(4):4-11.
https://digitalarchive.worldfishcenter.org/
handle/20.500.12348/2487

Brown EO, Perez ML, Garces LR, Ragaza R], Bassig
RA, Zaragoza EC. 2010. Value Chain Analysis
for Sea Cucumber in the Philippines. Studies &
Reviews 2120. The WorldFish Center, Penang,
Malaysia. 44 pp. https://www.worldfishcenter.
org/content/value-chain-analysis-sea-
cucumber-philippines

Brown MR, Jeffrey SW, Garland CD. 1989. Nutritional
Aspects of Microalgae Used in Mariculture: A
Literature Review. CSIRO Marine Laboratories
Report 205. Commonwealth Scientific and
Industrial Research Organisation (CSIRO),
Hobart.

Brown MR, Jeffrey SW, Volkman JK, Dunstan GA.
1997. Nutritional properties of microalgae for
mariculture. Aquaculture. 151:315-331. https://
doi.org/10.1016/S0044-8486(96)01501-3

on Microalgae Concentrates Compared with Live Microalgae

Campo CJ, Cabacaba NS, Cosmiano DN.2019. Growth,
Development and Survival of Holothuria scabra
Larvae in Different Microalgal Regimens
and Water Rearing Media. The Philippine
Journal of Fisheries. 26(2):98-110. https://doi.
org/10.31398/tpjf/26.2.2019A0003

Chen CP, Hsu HW, Deng DC (1991) Comparison
of larval development and growth of the sea
cucumber Actinopyga echinites: ovary-induced
ova and DTT-induced ova. Marine Biology.
109(3):453-457. https://doi.org/10.1007/
BF01313510

Choo PS. 2008. The Philippines: a hotspot of

sea cucumber fisheries in Asia. In: Toral

Granda V, Lovatelli A, Vasconcellos M,

editors. Sea Cucumbers. A Global Review of

Fisheries and Trade. FAO  Fisheries
and Aquaculture Tech, Rome, Paper.
No.  516. pp.  119-140.  https:/

digitalarchive.worldfishcenter.org/
handle/20.500.12348/15332show=full

Conand C, Polidoro B, Mercier A, Gamboa R,
Hamel J-F Purcell S. 2014. The IUCN
Red List assessment of aspidochirotid
sea cucumbers and its implications. SPC
Beche-de-mer Information Bulletin 34:37.
https://researchportal.scu.edu.au/esploro/
outputs/journalArticle/The-IUCN-red-list-
assessment-0f/991012820886502368

Coutteau P, Sorgeloos P. 1992. The Use of algal Sub-
stitutes and the Requirement for Live Algae in
the Hatchery and Nursery Rearing of Bivalves
Mollusks: An International Survey. Journal of
Shellfish Research. 2(2):467-476. https://www.
semanticscholar.org/paper/The use-of-al-
gal-substitutes-and-the-requirement-in-Cout-
teau-Sorgeloos/41412dfd076858acf06fa6elf-
725d865d9d59¢3a

Dabbagh AR, Sedaghat MR. 2012. Breeding and
rearing of the sea cucumber Holothuria scabra
in Iran. SPC Beche-de-mer Inf Bull 32:49-52.
https://digitalarchive.worldfishcenter.org/
handle/20.500.12348/2069

Duy NDQ. 2010. Seed production of sandfish
(Holothuriascabra)in Vietnam.Southeast Asian
Fisheries Development Center. Aquaculture


https://doi.org/10.1111/j.1365-2109.2007.01775.x
https://doi.org/10.1111/j.1365-2109.2007.01775.x
https://beta.entrepreneurship.org.ph/2022/10/06/showcasing-msmes-juan-algae-by-algacon-aquafeeds-manufacturing/
https://beta.entrepreneurship.org.ph/2022/10/06/showcasing-msmes-juan-algae-by-algacon-aquafeeds-manufacturing/
https://beta.entrepreneurship.org.ph/2022/10/06/showcasing-msmes-juan-algae-by-algacon-aquafeeds-manufacturing/
https://beta.entrepreneurship.org.ph/2022/10/06/showcasing-msmes-juan-algae-by-algacon-aquafeeds-manufacturing/
https://www.aciar.gov.au/project/fis-2016-122
https://doi.org/10.13140/RG.2.2.10787.66083
https://doi.org/10.13140/RG.2.2.10787.66083
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/2487
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/2487
https://www.worldfishcenter.org/content/value-chain-analysis-sea-cucumber-philippines
https://www.worldfishcenter.org/content/value-chain-analysis-sea-cucumber-philippines
https://www.worldfishcenter.org/content/value-chain-analysis-sea-cucumber-philippines
https://doi.org/10.1016/S0044-8486(96)01501-3
https://doi.org/10.1016/S0044-8486(96)01501-3
https://doi.org/10.31398/tpjf/26.2.2019A0003
https://doi.org/10.31398/tpjf/26.2.2019A0003
https://doi.org/10.1007/BF01313510
https://doi.org/10.1007/BF01313510
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/1533?show=full
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/1533?show=full
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/1533?show=full
https://researchportal.scu.edu.au/esploro/outputs/journalArticle/The-IUCN-red-list-assessment-of/991012820886502368
https://researchportal.scu.edu.au/esploro/outputs/journalArticle/The-IUCN-red-list-assessment-of/991012820886502368
https://researchportal.scu.edu.au/esploro/outputs/journalArticle/The-IUCN-red-list-assessment-of/991012820886502368
https://www.semanticscholar.org/paper/The use-of-algal-substitutes-and-the-requirement-in-Coutteau Sorgeloos/41412dfd076858acf06fa6e1f725d865d9d59c3
https://www.semanticscholar.org/paper/The use-of-algal-substitutes-and-the-requirement-in-Coutteau Sorgeloos/41412dfd076858acf06fa6e1f725d865d9d59c3
https://www.semanticscholar.org/paper/The use-of-algal-substitutes-and-the-requirement-in-Coutteau Sorgeloos/41412dfd076858acf06fa6e1f725d865d9d59c3
https://www.semanticscholar.org/paper/The use-of-algal-substitutes-and-the-requirement-in-Coutteau Sorgeloos/41412dfd076858acf06fa6e1f725d865d9d59c3
https://www.semanticscholar.org/paper/The use-of-algal-substitutes-and-the-requirement-in-Coutteau Sorgeloos/41412dfd076858acf06fa6e1f725d865d9d59c3
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/2069
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/2069

Garpa et al. / The Philippine Journal of Fisheries 31(1): 109 - 125

Department, The Philippines, 12. https://
repository.seafdec.org.ph/handle/10862/2156

DuyNDQ. 2012. Large-scale sandfish production from

pond culturein Vietnam. In: Hair CA, Pickering
TD, Mills DJ, editors. Asia-Pacific tropical sea
cucumber aquaculture. ACIAR: Canberra.
pp 34-39. http://www.marineagronomy.org/
sites/default/files/Large-scale%20sandfish%20
production%20from%20pond%20culture%20
in%20Vietnam.pdf

Duy NDAQ, Pirozzi I, Southgate PC. 2015. Ingestion and

digestion of live microalgae and microalgae
concentrates by sandfish, Holothuria scabra,
larvae. Aquaculture. 448:256-261. https://doi.
org/10.1016/j.aquaculture.2015.06.009

Duy NDQ, Francis DS, Pirozzi I, Southgate PC.

FAO.

2016. Use of micro-algae concentrates for
hatchery culture of sandfish, Holothuria
scabra. Aquaculture. 464:145-152. https://doi.
org/10.1016/j.aquaculture.2016.06.016

2020. FishStat]—Software for fishery and
aquaculture statistical time series 2020. FAO
Fisheries and Aquaculture Department
[online], Rome. Updated 2021 www.fao.org/
fishery/statistics/software/fishstatj/en.

FAO. 2022. Fishery and Aquaculture Statistics. Global

capture production 1950-2020 (FishStat]).
In: FAO Fisheries and Aquaculture Division
[online]. Rome. Updated 2022. www.fao.org/
fishery/statistics/software/fishstatj/en

Gamboa RU, Aurelio RM, Ganad DA, Concepcion LB,

Abreo NAS. 2012. Small-scale hatcheries and
simple technologies for sandfish (Holothuria
scabra) production. In: Hair CA, Pickering
TD, Mills DJ, editors. Asia-Pacific tropical sea
cucumber aquaculture. ACIAR: Canberra. pp
63-74. http://www.marineagronomy.org/sites/
default/files/Small-scale%20hatcheries%20
and%20simple%20technologies%20
for%20sandfish%20%28Holothuria%20
scabra%29%20production.pdf

Ivy G, Giraspy DAB. 2006. Development of large-

scale hatchery production techniques for
the commercially important sea cucumber
Holothuria scabra versicolor (Conand, 1986)
in Queensland, Australia. Beche-de-Mer
information bulletin.  24:28-34.  https://
www.seacucumberconsultancy.com.au/
publications/Dev.pdf

Jimmy RA, Pickering TD, Hair CA. 2012. Overview

of sea cucumber aquaculture and stocking
research in the Western Pacific region. In:
Hair CA, Pickering TD, Mills DJ, editors.
Asia-Pacific  Tropical Sea  Cucumber
Aquaculture. Proceedings of an International
Symposium Held in Noumea, New Caledonia,
15-17 February 2011. pp. 12-21. http://
marineagronomy.org/sites/default/files/
Overview%200f%20sea%20cucumber%20
aquaculture%20and%20stocking%20
research%20in%20the%20Western%20
Pacific%20region.pdf

Juinio-Mefiez MA, de Peralta GM, Dumalan RJP,

Edullantes CMA, Catbagan TO. 2012. Ocean
nursery systems for scaling up juvenile
sandfish (Holothuria scabra) production:
ensuring opportunities for small fishers.
In: Hair CA, Pickering TD, Mills D],
editors. Asia- Pacific tropical sea cucumber
aquaculture. Proceedings of an international
symposium held in Noumea, New Caledonia,
15-17 February 2011. ACIAR Proceedings
No. 136. Australian Centre for International
Agricultural Research: Canberra. 209 pp.
https://www.marineagronomy.org/node/862

Juinio-Menez MA, Tech ED, Ticao IP, Gorospe JR,

Edullantes CMA, Rioja RAV. 2017. Adaptive
and integrated culture production systems
for the tropical sea cucumber Holothuria
scabra. Fisheries Research. 186:502-513.
https://doi.org/10.1016/j.fishres.2016.07.017

Hamel JE Conand C, Pawson DL, Mercier A.

2001. The sea cucumber Holothuria scabra
(Holothuroidea: Echinodermata): Its biology
and exploitation as beche-de-mer. Advances
in marine biology. 41:129-223. https://doi.
org/10.1016/50065-2881(01)41003-0

Hamel JE Eeckhaut I, Conand C, Sun J, Caulier

G, Mercier A. 2022. Chapter One- Global


https://repository.seafdec.org.ph/handle/10862/2156
https://repository.seafdec.org.ph/handle/10862/2156
http://www.marineagronomy.org/sites/default/files/Large-scale sandfish production from pond culture in Vietnam.pdf
http://www.marineagronomy.org/sites/default/files/Large-scale sandfish production from pond culture in Vietnam.pdf
http://www.marineagronomy.org/sites/default/files/Large-scale sandfish production from pond culture in Vietnam.pdf
http://www.marineagronomy.org/sites/default/files/Large-scale sandfish production from pond culture in Vietnam.pdf
https://doi.org/10.1016/j.aquaculture.2015.06.009
https://doi.org/10.1016/j.aquaculture.2015.06.009
https://doi.org/10.1016/j.aquaculture.2016.06.016
https://doi.org/10.1016/j.aquaculture.2016.06.016
http://www.fao.org/fishery/statistics/software/fishstatj/en
http://www.fao.org/fishery/statistics/software/fishstatj/en
http://www.marineagronomy.org/sites/default/files/Small-scale hatcheries and simple technologies for sandfish %28Holothuria scabra%29 production.pdf
http://www.marineagronomy.org/sites/default/files/Small-scale hatcheries and simple technologies for sandfish %28Holothuria scabra%29 production.pdf
http://www.marineagronomy.org/sites/default/files/Small-scale hatcheries and simple technologies for sandfish %28Holothuria scabra%29 production.pdf
http://www.marineagronomy.org/sites/default/files/Small-scale hatcheries and simple technologies for sandfish %28Holothuria scabra%29 production.pdf
http://www.marineagronomy.org/sites/default/files/Small-scale hatcheries and simple technologies for sandfish %28Holothuria scabra%29 production.pdf
https://www.seacucumberconsultancy.com.au/publications/Dev.pdf
https://www.seacucumberconsultancy.com.au/publications/Dev.pdf
https://www.seacucumberconsultancy.com.au/publications/Dev.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
http://marineagronomy.org/sites/default/files/Overview of sea cucumber aquaculture and stocking research in the Western Pacific region.pdf
https://www.marineagronomy.org/node/862
https://doi.org/10.1016/j.fishres.2016.07.017
https://doi.org/10.1016/S0065-2881(01)41003-0
https://doi.org/10.1016/S0065-2881(01)41003-0

Metamorphic Success and Production cost of Holothuria scabra Reared

knowledge on the commercial sea cucumber

Holothuria scabra. Advances in marine
biology. 91:1-286. https://doi.org/10.1016/
bs.amb.2022.04.001

Knauer ], Southgate PC. 1999. A review of the
nutritional requirements of bivalves and
the development of alternative and artificial
diets for bivalve aquaculture. Reviews in
Fisheries Science. 7(3-4):241-280. https://doi.
org/10.1080/10641269908951362

Knauer J. 2011. Growth and survival of
larval sandfish, Holothuria scabra
(Echinodermata: Holothuroidea), fed

different microalgae. Journal of the World
Aquaculture Society. 42(6):880-887. https://
doi.org/10.1111/j.1749-7345.2011.00523.x

Labe L. 2009. Sea cucumber fisheries, utilization
and trade in the Philippines. In:
SEAFDEC-Secretariat, editor. Report of the
Regional Study on Sea Cucumber Fisheries,
Utilization and Trade in Southeast Asia
(2007-2008).  Bangkok,  Thailand.  pp.
119-140. https://repository.seafdec.org/
handle/20.500.12066/4928

Louw S, Blirgener M. 2020. A Rapid Assessment of
the Sea Cucumber trade from Africa to Asia.
Cambridge, United Kingdom: TRAFFIC
International. 20 pp. https://www.traffic.org/
site/assets/files/13496/sea-cucumbers-trade-
vfinal.pdf

Mills D], Duy NDQ, Juinio-Meflez MA, Raison CM,
Zarate JM. 2012. Overview of sea cucumber
aquaculture and sea-ranching research in
the South-East Asian region. In: Hair CA,
Pickering TD, Mills D], editors. Asia-Pacific
Tropical Sea Cucumber Aquaculture. ACIAR
Proceedings, 136. Canberra: Australian
Centre  for International  Agricultural
Research. pp. 22-31. https://www.researchgate.
net/publication/265360339_Overview_of_sea_
cucumber_aquaculture_and_sea-ranching_
research_in_the South-East_Asian_region

Militz TA, Leini E, Duy NDQ, Southgate PC. 2018.
Successful large-scale  hatchery culture

on Microalgae Concentrates Compared with Live Microalgae

of sandfish (Holothuria scabra) using
micro-algae concentrates as a larval food
source. Aquaculture Reports. 9:25-30. https://
doi.org/10.1016/j.aqrep.2017.11.005

Morgan AD. 2001. The effect of food availability on
early growth, development and survival of the
sea cucumber Holothuria scabra (Echinoder-
mata: Holothuroidea). SPC Beche-de-mer In-
formation Bulletin. 14:6-12. https://citeseerx.
ist.psu.edu/document?repid=rep1&type=pd-
{&d0i=29de902609622943d2a67f0e2b78f516f-
87c3eda

Oostlander P, Van Houcke ], Wijffels R, Barbosaa

M. 2020. Microalgae production cost
in aquaculture hatcheries. Aquaculture.
525:735310. https://doi.org/10.1016/j.

aquaculture.2020.735310

Orozco ZGA, Sumbing JG, Lebata-Ramos MJH,
Watanabe S. 2014. Apparent digestibility
coeflicient of nutrients from shrimp, mussel,
diatom and seaweed by juvenile Holothuria
scabra Jaeger. Aquac. Res. 45(7):1153-1163.
https://doi.org/10.1111/are.12058

Pacheco-Vega JM, Sanchez-Saavedra MD. 2009.
The biochemical composition of Chaetoceros
muelleri (Lemmermann) grown with an
agricultural fertilizer. J. World Aquacult.
Soc. 40(4):556-560. https://doi.org/10.1111/
j.1749-7345.2009.00276.x

Peters—-Didier ], Sewell MA. 2019. The role of
the hyaline spheres in sea cucumber
metamorphosis: lipid storage via transport
cells in the blastocoel. EvoDevo. 10(1):1-12.
https://doi.org/10.1186/s13227-019-0119-4

Pernet E Tremblay R, Demers E, Roussy M. 2003.
Variation of lipid class and fatty acid
composition of Chaetoceros muelleri and
Isochrysissp. growninasemicontinuous system.
Aquaculture. 221(1-4):393-406. https://doi.
org/10.1016/50044-8486(03)00030-9

Pitt R, Duy NDQ. 2004. Breeding and rearing of
the sea cucumber Holothuria scabra in
Vietnam. In Lovatelli A, Conand C, Purcell
S, Uthicke S, Hamel J-F, Mercier A, editors.


https://doi.org/10.1016/bs.amb.2022.04.001
https://doi.org/10.1016/bs.amb.2022.04.001
https://doi.org/10.1080/10641269908951362
https://doi.org/10.1080/10641269908951362
https://doi.org/10.1111/j.1749-7345.2011.00523.x
https://doi.org/10.1111/j.1749-7345.2011.00523.x
https://repository.seafdec.org/handle/20.500.12066/4928
https://repository.seafdec.org/handle/20.500.12066/4928
https://www.traffic.org/site/assets/files/13496/sea-cucumbers-trade-vfinal.pdf
https://www.traffic.org/site/assets/files/13496/sea-cucumbers-trade-vfinal.pdf
https://www.traffic.org/site/assets/files/13496/sea-cucumbers-trade-vfinal.pdf
https://www.researchgate.net/publication/265360339_Overview_of_sea_cucumber_aquaculture_and_sea-ranching_research_in_the_South-East_Asian_region
https://www.researchgate.net/publication/265360339_Overview_of_sea_cucumber_aquaculture_and_sea-ranching_research_in_the_South-East_Asian_region
https://www.researchgate.net/publication/265360339_Overview_of_sea_cucumber_aquaculture_and_sea-ranching_research_in_the_South-East_Asian_region
https://www.researchgate.net/publication/265360339_Overview_of_sea_cucumber_aquaculture_and_sea-ranching_research_in_the_South-East_Asian_region
https://doi.org/10.1016/j.aqrep.2017.11.005
https://doi.org/10.1016/j.aqrep.2017.11.005
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=29de90a60962a943d2a67f0e2b78f516f87c3eda
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=29de90a60962a943d2a67f0e2b78f516f87c3eda
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=29de90a60962a943d2a67f0e2b78f516f87c3eda
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=29de90a60962a943d2a67f0e2b78f516f87c3eda
https://doi.org/10.1016/j.aquaculture.2020.735310
https://doi.org/10.1016/j.aquaculture.2020.735310
https://doi.org/10.1111/are.12058
https://doi.org/10.1111/j.1749-7345.2009.00276.x
https://doi.org/10.1111/j.1749-7345.2009.00276.x
https://doi.org/10.1186/s13227-019-0119-4
https://doi.org/10.1016/S0044-8486(03)00030-9
https://doi.org/10.1016/S0044-8486(03)00030-9

Garpa et al. / The Philippine Journal of Fisheries 31(1): 109 - 125

Advances in sea cucumber aquaculture and
management. FAO Fisheries Technical Paper
No. 463. Rome, Italy: FAO. pp. 333-346.
https://digitalarchive.worldfishcenter.org/
bitstream/handle/20.500.12348/2069/2170.
pdf?sequence=1&isAllowed=y

Pitt R. 2001. Review of sandfish breeding and rearing
methods. SPC Beche-de-mer Information
Bulletin 14:14-21. Retrieved from https://
pacificdata.org/data/dataset/oai-www-spc-int-
80093c6a-2222-4572-9{t8-fef93f8ef77a

Purcell SW. 2010. Managing sea cucumber fisheries
with an ecosystem approach. FAO Fisheries
and Aquaculture Technical Paper No. 520, pp.
15-16. Rome: FAO. https://www.researchgate.
net/publication/46168436_Managing_ Sea_
Cucumber_Fisheries_With_an_Ecosystem_
Approach

Purcell SW, Polidoro BA, Hamel JE Gamboa
RU, Mercier A. 2014. The cost of being
valuable: predictors of extinction risk in
marine invertebrates exploited as luxury
seafood. Proceedings of the Royal Society
B: Biological Sciences. 281(1781):20133296.
https://doi.org/10.1098/rspb.2013.3296

Purcell SW, Conand C, Uthicke S, Burne M.
2016. Ecological roles of the exploited sea
cucumbers. Oceanography and Marine
Biology: An Annual Review. 54:367-386. ISBN
9781315368597. https://www.researchgate.
net/publication/311234596_Ecological _
Roles_of_Exploited_Sea_Cucumbers

Purcell SW, Williamson DH, Ngaluafe P. 2018. Chinese
market prices of beche-de- mer: Implications
for Fisheries and aquaculture. =~ Marine
Policy. 91:58-65. https://doi.org/10.1016/j.
marpol.2018.02.005

Quiambao C. 2022. Algal paste offers alternative,
sustainable feed for hatcheries in PH. https://
news.abs-cbn.com/spotlight/11/15/22/
algal-paste-offers-alternative-feed-for-
ph-hatcheries#:~:text=Al1%20about%20
Zinaya,after%20using%20the%20algal%20

paste
Ramofafia C, Byrne M, Battaglene C. 2003.
Reproduction of the commercial sea

cucumber Holothuria scabra (Echinodermata:
Holothuroidea) in the Solomon Islands. Marine
Biology. 142(2):281-288. https://doi.
org/10.1007/s00227-002-0947-x

Ravago-Gotanco R, Kim KM. 2019. Regional genetic
structure of sandfish Holothuria (Metriatyla)
scabra populations across the Philippine
archipelago. Fisheries Research. 209:143-155.
https://doi.org/10.1016/j.fishres.2018.09.021

Reed Mariculture. 2021. Marine Microalgae FAQ.
Retrieved from https://reedmariculture.com/
pages/microalgae-faq; accessed 13 April 2022.

Reed T, Henry E. 2014. The case for concentrates.
Hatchery Int. 15(4):24-25.

Rikard SE, Walton WC. 2012. Use of microalgae
concentrates for rearing oyster larvae
Crassostrea  virginica. Mississippi-Alabama
Sea Grant Publication No. MASGP-12-048.
p. 2. https://shellfish.ifas.ufl.edu/wp-content/
uploads/product_shellfish_diet_1800_Rikard_
Walton_2012.pdf

Sales R, Lopes RG, Derner RB, Tsuzuki MY. 2022.
Concentrated microalgal biomass as a
substitute for fresh microalgae produces on site
at hatcheries. Aquaculture Research. 53:5771-
5786. https://doi.org/10.1111/are.16072

Schoppe S. 2000. Sea cucumber fishery in the
Philippines. SPC Beche-de-mer Info Bull.
13:10-12. https://www.researchgate.
net/profile/Sabine-Schoppe/
publication/242592220_Sea_
cucumber_fishery_in_the_Philippines/
links/5f4a03b2299bf13c504ef665/Sea-
cucumber-fishery-in-the-Philippines.pdf

Schagerstrom E, Christophersen G, Sunde J, Bakke
S, Matusse NR, Dupont S, Sundell KS. 2021.
Controlled spawning and rearing of the sea
cucumber, Parastichopus Tremulus. Journal
of the World Aquaculture Society. 53:224-
240. https://doi.org/10.1111/jwas.12816

Sibonga RC, Laureta LV, Lebata-Ramos MJH, Nievales
MFJ, Pedroso FL.2021. Single and mixed species
of microalgae as larval food for the tropical


https://digitalarchive.worldfishcenter.org/bitstream/handle/20.500.12348/2069/2170.pdf?sequence=1&isAllowed=y
https://digitalarchive.worldfishcenter.org/bitstream/handle/20.500.12348/2069/2170.pdf?sequence=1&isAllowed=y
https://digitalarchive.worldfishcenter.org/bitstream/handle/20.500.12348/2069/2170.pdf?sequence=1&isAllowed=y
https://pacificdata.org/data/dataset/oai-www-spc-int-80093c6a-2222-4572-9ff8-fef93f8ef77a
https://pacificdata.org/data/dataset/oai-www-spc-int-80093c6a-2222-4572-9ff8-fef93f8ef77a
https://pacificdata.org/data/dataset/oai-www-spc-int-80093c6a-2222-4572-9ff8-fef93f8ef77a
https://www.researchgate.net/publication/46168436_Managing_Sea_Cucumber_Fisheries_With_an_Ecosystem_Approach
https://www.researchgate.net/publication/46168436_Managing_Sea_Cucumber_Fisheries_With_an_Ecosystem_Approach
https://www.researchgate.net/publication/46168436_Managing_Sea_Cucumber_Fisheries_With_an_Ecosystem_Approach
https://www.researchgate.net/publication/46168436_Managing_Sea_Cucumber_Fisheries_With_an_Ecosystem_Approach
https://doi.org/10.1098/rspb.2013.3296
https://www.researchgate.net/publication/311234596_Ecological_Roles_of_Exploited_Sea_Cucumbers
https://www.researchgate.net/publication/311234596_Ecological_Roles_of_Exploited_Sea_Cucumbers
https://www.researchgate.net/publication/311234596_Ecological_Roles_of_Exploited_Sea_Cucumbers
https://doi.org/10.1016/j.marpol.2018.02.005
https://doi.org/10.1016/j.marpol.2018.02.005
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://news.abs-cbn.com/spotlight/11/15/22/algal-paste-offers-alternative-feed-for-ph-hatcheries#:~:text=All about Zinaya,after using the algal paste
https://doi.org/10.1007/s00227-002-0947-x
https://doi.org/10.1007/s00227-002-0947-x
https://doi.org/10.1016/j.fishres.2018.09.021
https://shellfish.ifas.ufl.edu/wp-content/uploads/product_shellfish_diet_1800_Rikard_Walton_2012.pdf
https://shellfish.ifas.ufl.edu/wp-content/uploads/product_shellfish_diet_1800_Rikard_Walton_2012.pdf
https://shellfish.ifas.ufl.edu/wp-content/uploads/product_shellfish_diet_1800_Rikard_Walton_2012.pdf
https://doi.org/10.1111/are.16072
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://www.researchgate.net/profile/Sabine-Schoppe/publication/242592220_Sea_cucumber_fishery_in_the_Philippines/links/5f4a03b2299bf13c504ef665/Sea-cucumber-fishery-in-the-Philippines.pdf
https://doi.org/10.1111/jwas.12816

Metamorphic Success and Production cost of Holothuria scabra Reared
on Microalgae Concentrates Compared with Live Microalgae

sea cucumber Holothuria scabra. Journal of Uthicke S, Conand C. 2005. Local examples of beche-

Applied Phycology. 33(5):3103-3112. https:// de-mer overfishing: an initial summary
doi.org/10.1007/s10811-021-02512-1 and request for information. Beche-de-mer
Information Bulletin. 21:9-14. https://www.

Slater M], Jeffs AG, Carton AG. 2009. The use of researchgate.net/publication/230252702.

the waste from green-lipped mussels as
a food source for juvenile sea cucumber,
Australostichopus mollis. Aquaculture.  Uthicke S, Purcell S. 2004. Preservation of genetic

292:219-224. https://doi.org/10.1016/j. diversity in restocking of the sea cucumber

aquaculture.2009.04.027 Holothuria scabra investigated by allozyme

electrophoresis. Can J Fish Aquat Sci. NRC

Smiley S, McEuen F-S, Chaffee C, Krishan S. 1991. Research  Press.  61:519-28.  https://doi.
Echinodermata: Holothuroidea. In: Giese AC, org/10.1139/{04-013

Pearse ]S, Pearse VB, editors. Reproduction
of marine Invertebrates, Echinoderms and
Lophophorates. Pacific Grove, CA: Boxwood Zhou Y, Yang HS, Liu SL, Yuan X, Mao YZ, Liu Y,

Press. pp. 663-750. Zhang FS. 2006. Feeding and growth on

bivalve biodeposits by the deposit feeder

Trinidad-Roa, MJ. 1987. Béche-de-Mer Fishery in the Stichopus japonicus Selenka (Echinodermata:

Philippines. Naga, The ICLARM Quarterly. Holothuroidea) co-cultured in lantern nets.

October 1987:5-17.  https://digitalarchive. Aquaculture. 256(1-4):510-520. https://doi.
worldfishcenter.org/handle/20.500.12348/3390 org/10.1016/j.aquaculture.2006.02.005

© 2024 The authors. Published by the National

@ @ Fisheries Research and Development Institute.
This is an open access article distributed under
the CC BY-NC 4.0 license.


https://doi.org/10.1007/s10811-021-02512-1
https://doi.org/10.1007/s10811-021-02512-1
https://doi.org/10.1016/j.aquaculture.2009.04.027
https://doi.org/10.1016/j.aquaculture.2009.04.027
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/3390
https://digitalarchive.worldfishcenter.org/handle/20.500.12348/3390
https://www.researchgate.net/publication/230252702
https://www.researchgate.net/publication/230252702
https://doi.org/10.1139/f04-013
https://doi.org/10.1139/f04-013
https://doi.org/10.1016/j.aquaculture.2006.02.005
https://doi.org/10.1016/j.aquaculture.2006.02.005
https://creativecommons.org/licenses/by-nc/4.0/



