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ABSTRACT

Algae produced for feed can be extremely beneficial to all growth phases of oyster development. The
biophysiological makeup of algagffers key ntrients and minerals to bivalves thaid internal
specializationshellgrowth and the overall health ofsters Culturingoysterds meant to supplfood
readily and at any period needed especially within and enclosed envirodareaica hasver the

last 41 years had a smaltale operation of growing mangrove oysterassostrea rhizophoraa the
Bowden Bay area of Saint Thomas. Through the World Baoject, plans are being put in place for
the construction of datcheryallowing Jamaica,to expand its production imangrove oysters.
Understandinglifferent types of algal production metho@sd those that may be best suited for
production is the focs of this papelrliterature was examineasite visitto SMEL to intern at their
facility to produce alga , wasonducted in BlainvillesurMer, Normandy France and a questionnaire
developed to gain knowledge on existing protocols and how they can dredaib the needs of
Jamaica. Presenting this informationaineasy to follow protocol, dealing specifically with indoor
algal culture foduvenile (D shaped larva)spat and some emphasis on broodstock in a simple guide
is the basis on which this papwas written. It is intended to meet the needs of Jamd#iea the
hatchery is builtEfforts toaddresshe nutritional needs fdviangroveoystersmust be made in order

to: redu@ mortality, increase production and ensthie provision ofgood quality and quantity of
algae. This will determine the success oftfatchery
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1. INTRODUCTION

Jamaicabds aquacul ture devel opment began in 19
Oreochromis mossambictrem St Lucia as a meawf providing locals with an alternativesce of

protein (Aiken, Morris, 2002) Tilapia was reintroduced to Jamaica in 1976 sinde therhas been

the major fish cultivated on the island. Reduction of fishing efforts along the coast was a major priority
of the government. Dwindling fish stocks were a major concern, and the need to diversiiahed to
examination of the potential for the duéition of other species on tiand. As a result, two marine
organisms of interest were identified: The Irish moss or sea i@oasilaria teretg, generally referred

to as G.T. and the mangrove oysIeassostrea rhizophorggovatelli & Sarkis, 201Q)This was done
through a project between the Jamaican Government and the International Developssamthr
Centre of Canadeesulting in the establishment of Oyster Culture Jamaica in Bowden32ayt
Thomas in 1977. Its main objective was to conduct biological and production research of mangrove
oyster within the area with the intention to commerstathe species ithefuture. A total of 11 sites

were surveyed to assess the best site for establishing oyster production (FigonedEn Bay was
pinpointed as thaleal location to facilitate oyster production.

Monlego Bay Oystar Bay

Bogue Sound

Green Island

Port Antenio

Bealmont

Kingston
Bowdan
Galleon Hargﬁf_-j%oyal v

Port Morant
Fortland Bight

Figurel Picture of Surveyed sites for establishing Oyster culture production in Jainaveaelli &
Sarkis, 2010)

Oyster Culture Jamaicmasestablished only as a project and had been functioning asreaoch977.

To date, the facility operates a basic culturing methgdangbn wild caught spat seitilg on cultches,

that are then thinned out and placed on racks to grow out until ready for harvest. This process depends
on seasonal availability of spawning oystersJiy of 2011,the idea of commercial culture was
examined through a FAO regional techhwarkshop assessirtge feasibility of a regional shellfish
hatchery for the wider Caribbearea One of the issueglentified was that technical challenges
include the absence of a reliable supply of spat. In Jamaica, mangrove oysters have twsitfttict
periods(June to August and November to Februdrg is normally after the rainy months that happen

in March and October.) Hence, the production of oysters is centred on these two periods and
consequently, the supply of oysters and its assagptelucts will be seasonal. To ensure a continuous
and reliable supply of spat, Jamaica must invest in the development of an oyster H&tekiaagn,

2011)
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2. PROJECT RATIONALE

Oyster culture Jamaicaas established in977 andoperates today as the Bowden Bay Research
Facility. What began as a project and demonstration facility has managedtittue itsoperatiors.
However, the facility uses the same basic techniffoesitsintrodudion, that is, collecting spat from
the wild separating them on cultches and growing it out in designated spaeekon the Bowden
Bay Harbour(Figure 2)

Eort

Figure2 Aerial view of, Bowden Harbou6t Thomas Jamaica where the Bowden Bay oysters are
grown. Google maps 2019

2.2 Economical Potential/Opportunities

Thetouristsect or has been Jamaicads primary and f:
earningsin 2018 Jamaica sawa total of 4.31 million tourists arrivals which generated approximately
US$ 3.3 billion in earnings fothe country(Mcintosh, 2019) Importation ofoyster products has
steadily increased over the last nine y€aeble 1)

UN Importation of Processed Oyster Products in Jamaica
18000

16000 :
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Figure3. Demand trend for oyster products in Jamaica from -208. STATIN report 2018.

While there have been sorflectuations in the quaniés of oysters imported, there exists a demand

for oysters. Particularljrom 2014 the quantity of oysters imported increased from approximately
6,000 kg to over 1600 kg. This suggests that there exists a possible markearfa@ichn oyster
producers within the sectotocal interest, though undocumentexkists for the consumption of
oysters. So much so that in 2013 at the annual Denbigh Agricultural show the concept and execution
of anoyster bar to promote fresh oyster on the half shell and oyster punch consumption was established
by thethen Fisheries Division. This has been extremely popular with patrons wattieratedB00-
350persons visiting the booth over a thiasey period. Inrally they started with 108 kg of fresh oysters

and 300 bottles afysterpunch per year and have averaged that amount up to the most recent staging
in August 2019. Inquiries into the products have always been made, however the divssit ha
always beemble tofulfil the requests.

A consistent productioof oysters would be needed to facilitate gredéananda task only a hatchery

would be able to providand that is dependent on the supply of algae available for consumption by
oysters at the differa stages of developmeindbm D shape to broodstockhe resulivould beenough

spat for grow out and harvest. Bowden Bay however has remained operational and has within the last
two years been able to begin to branch out into external spat provisionalAcemmunity called

Green Islandn the westerpartof Jamaica has been able to form a community group and establish a
grow out operation. Bowden Bay has been the sole provider of spat to them.

At the different stages of development, quality and quantity of microalgae nmagieis an important
componehin the production of bivalves. Foysters in the wild, a diverse variety of phytoplanki®n
available for consumption. Within a hatchery environment, it is important to proui#itionsas

closeto the natural environment as possjbigth avariety of phytoplankton to ensure proper growth
and devel opment at every phase of the oysters
and depending on location, tropical or temperate, the phytoplankton needed will be able to be cultured.
The Carible an 6 s c | i nlas caltivatisg phytoplamkton that are found within our environs

will assist in the successful production of condition tolerant species. We must also understand the
specisbiology, the methods of cultivation, the periods for fegdind stages at which each type is to

be fed. Feeding time frame must also be examined as this operation can be quite expensive if oysters
are to be kept until ready for harvest in a hatchery environment. The practice of feeding from D larvae
phase to pestegular stage is implemented to reduce costs associated with this kind of production.
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Throughout the entire system spawning to spat settlement whether being done by the hatchery itself or
by a grow out farmer, be it presettlement pedivegular or pestttement spat, a thorough
understanding of the nutritional needs of mangrove oysters is necessary since it is the key to healthy
Broodstock, healthy and functional eggs and healthy and thriving mangrove oyster larvae. Oysters
consumevariousunicellular orgarsms in the wildhereforehatcheries must provide a diverse diet for
Mangrove Oysters at different stages of development. Most importantly, conditions in each
environment is different for temperate and tropical zones however, technologies can be adhpted a
tailored for the Jamaican situation.

3. GOALS AND OBJECTIVES
3.1 Goal

Develop a protocol for the culture of micro algae wvattentiongiven to the qualities, quantitied
species at the different stages of oyster development. Eggttstage with some attention being given
to the maintenance of broodstock oysters.

3.2 Objectives

1. Assess algal culture for oyster production with comparable oyster prodiingiesto see
which methodologies can be adapted to the Jamaican context.

2. Documenting ideal methods produceand calculatthe required quantities of micro algae
for feeding.

UNESCO GRQO Fisheries Training Programme 8
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4. RESEARCH METHODOLOGY

An extensivereview ofthe iterature onCrassostreahizophoraewas dondo gain basic knowledge

on itslifecycle and feeding habits its natural @vironmentKnowledge on otheCrassostrea species
wasused to fill in the gapsn reproduction, feedingnd life cycle phases to gain the fundamental
backgroun on theirenvironmenthow itcontributes to their food consumption habits and what needs
to be provided when oysters are bred nagchery facility. In addition tthis, asite visit to the research
facilities of SMEL (Synergie Mer et Littoral) in Normdy, Francewas orgarsed The intention was

to participate in aneweek internship(January 27 to 31dedicated tgroduction methodologies
associated with the culture of Micro algdiswasassociated with questionnairsurveyto ascertain
specific information vital to understanding feeding requirements of oys#drslifferent stages of
development. Detailednalysis of material should enable the process to be replicated in Jamaica
specifically tailored to our needg:rance hasa temperate climate with distinctive differences in
temperature and climate. Conditions like this influence how they culture adgaeali c a6 s envi r
experiences very little fluctuations in seasons and water tempendtiotearethe ideal conditionso
produce micro algae.

5. LITERATURE REVIEW

5.1 Oyster culture in Jamaica.

Bowden Bay location within a harbo(see figure 1l)rovides protection from active waves and
currents.Over the last 43 years because of its affiliation with ghbdivisionAquaculture Branch
(which is a part of the entitformerly the Fisheries Division now named the National Fisheries
Authority) as its caretakett remainsthe chief demonstration facyitof mariculture practes and
species diversificatiant is the sole production facility of cultured oys@@nassostrea rhizophoraan

the island.Much research has been done on varying species of Oysters. Where there is lacking
information on theCrassatrea rhizophoraepther species closest to the mangrove oyster will be
observede.g.Crassostrea gigas, and Crassostrea virginiespectively. The information on method
of production especially for Jamaica, physiological and biological make up istanpéor how this
affects the growth and development of the species as well as eswpiptieé needo producealgae
once hatchery production operations are adapted.

5. 2 Current method of Production

Production of oysters in Jamaica includes the collection of spat on 8*8 cm diameter tire cultches with
2.5 cm irrigation hose spacers in between that have been set as a medium for spat to settle on in the
wild. After settlement is observed, the cultches laung on a bamboo frame called a Hanson, tck

this stage oysters are exposed to air fortnightly between four to six hours for six weeks or until they
have attained a size of 21am (figure 4).They are then transferred to grow out and harvested within
another 20 weks (five to six months)Lovatelli & Sarkis, 201Q)
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Arrangements of the oyster seed collecting clutches
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Figureb. Crassostreehizophorae out at sea on Hanson racks in Bowden&sagt Thomas.

Oyster spatollection is highly dependent on the active rainy season, May and October to create ideal
environmental conditions for oysters to spavwggsto develop and spat to settle. Changes in
environmental activities, and the destruction of habitat due to gle@ahing and anthropogenic
activities disrupt oyster spawning cycles, reducing spat availability and ultimately reduces oyster
production. The establishment of a controlled environment enables mangrove oyster spawning and
grow out cycles to continue unintepted and more frequently thus increasing overall oyster
harvesting quantitiesnitigation is key to achieving stability.

5.3 Ecology: Mangrove Oyster Crassostrea rhizophora€R) other Crassostrea species

The worl dés mangrove r es o 4200086 lem ottmpical estuaripgpzonesk i m
where mangrove trees can be found within Brackish water (waters that constitute a mixture of marine
and fresh water(Lapegue et al., 200ZJhese areas are suitable aquaculture sites due to their frequent
exposure with the rising and sinking of the tides.
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5.3.1Biology

The Mangrove oyster iseuryhaline bivalve molluscs that belongs to the Ostreidae f4@iflyisto,

Absher, & Boehs, 2010)ts shell is comprised of Caleucarbonate (CaCf) approximately 96%

and which in its mineral phase is called calcite) and varying miniscule trace elé@lensso et al.,

2010) Distinct phaotypical description of the species is not easily found. However, based on physical
analysis of oyster specimen at Bowdgay Jamaica general syapsis of the oyster can be described

as having a deep cupping (figiend 7 on one side containing thedih area while the opposite side

is slightly flat. The shape of the oysters also depends on the settlement material used in collecting spat,
in the case of th€rassostrea rhizophora#he underside of the oyster (the cupped area) is flat due to

its settlenent on recycled car tires used as cultches.

Figure6. Underside (cupped portion) view of Crassostrea rhizophorae demonstrating its flat nature
due to settlement on a rubber cultch

Figure7 External view of the top area of the flat area of the Crassostrea rhizophorae

UNESCO GRQ Fisheries Training Programme 11
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TheCrassostrea rhizophora@R) can average in size up to 10vienzel & Nascimento, 2019lts

internal anatomy comprises of the basic components such as the abductor muscle, responsible for the
closing and opening of the shell, mouth, anus, mantle digestive gland, heart and other ared (Figure
These organs are responsible for the normal function of the oyster to carry out basic life processes:
Ingestion, metabolism etc.

Mantle Abductor Muscle

Intestine

Gills Heart

Digestive gland
Labial palps

Mouth

Hinge

Figure8 Detailed diagram of the internal anatomy of Crassostrea rhizophorae

Suitable conditions for the survival of Oysters during different phases is dependent on a range of
water parameters. Ideal water salinity levels of 15 to 25 ppt, oxygen concentra@hsmf/, a
temperature range between2®C especially in estuary environments allows for the best survival

of CR(Neto et al., 2013)Tropical and temperate veais (except atic waters) are the preferred

areas of habitation. Within different regions, they are located on the coast of the country at either the
intertidal or shallow subtidal water level. Typical group behawall find oysters in clusters either

onthe aerial prop roots of the mangrove (rhizophooae)n sedimentary or shelly bottorfigayne,
2017;Lapegue et al., 2002ER is found all over the Caribbean, Atlantic, South America region.

5.3.2 Reproduction and development in Crassostrea species.

Crassostreareproduction processes are similar and can be likened to va@ragsostrea
species/subspecies. Where information is lackingCBnCrassostrea gasafCGl) will be used to
demonstrate the phases of reproduction in the species. As a tropical area stangesraxist in the
processes needed for reproduction to take place. CG is a tropical species found in Brazil and West
Africa (Hanrah, Brown, & Milner, 2007which have climates similar to those in the Caribb&n

the two countries, Brazil is closest to the Caribbean and like the Caribbean water temperatures are
within a consistent range betwee?@&80°C (Paixao, Ferreira, Nunes, Fons&iao, & Rocha, 2013)

making it suitable for the commercial culture of Crassostrea species of oysters.

Crassostreaspecies @& single sex containing organisms (dioecious) that release sperm and eggs
externally, this action is normally triggered via water parameter factors especially that of salinity which
fluctuates during the rainy and dry season. Within the estuary envirbramancrease in organic

UNESCO GRQ Fisheries Training Programme 12
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matter via the inflow of water runoff containing nutrients and the decrease in salinity allows for a
higher concentration of phytoplankton bloom. The abundant and diversified phytoplankton is
consumed by the oyster providing thergy needed for gametogenesis (development of gametes) and
once mature, release of said gametes result thus, diffusion of reproductive material and the existence
of free floating fertilized zygote@aixao et al., 2013)ompared tdhose in temperatdimate where
gametogenesis (egg maturation) will occur when temperatures begin to fluctua@ragsostrea
gigasthat process happens at a temperature above WiRChe actual range between 17-13°C

(Ubertini et al., 2017yvhile matureCrassostreavirginica oysters reproduce at temps above 16°C. In

C gigas, earlier gamete production can occur at temps of(®Ei@os, Gomes, Magalhaes, Santos, &
Melo, 2014) This factor is different for each species depending on their geographical location and
climate conditions which will determine their peaficof sexual development which involves
accumulation of reserves, gametogenesis maturation, and spg®amgs et al., 2014) a mai c a 0 S
rainy season takes place in two phasesm April to May and September to Octob&he collection

of spat at BwdenBay happens November to February, and April to June which also coincides with a
similar dry season and dry rainy season transition.

Crassostrea spawning mechanism is universal and functions by first releasing their eggs externally and
thus fertilsation will begin once the sperm meets €yépllace, Waters, & Rikard, 2008fusion of

these two haploid gametes produces a zygote with a polar body (circular bubble in egg). This indicates
that fertilisation has occurred. At this point cell division begins immediately until it has become a
larva. The larva then goes through a series of$m@enming stages the first of which is the trochophore
stage, followed by D umbo shaped larvae, eye larvae, vepgdiveliger, plantigrade (early spat),

Spat, Juvenile, AdulfFakhrinaet al.,2018; Wallace et al., 2008Figure 9 describes the process of

the oyster lifecycle in detail.

A

Spat (~3 mpf)

A
METAI\.-"IGR’/PHOSIS

Planktonic

Planktonic

Figure9. Description of the lifecycle of the Crassostrea gigas in detail along with time frame for
each development period. (Vogeler, Bean, Lyons, & Galloway, 2016) In the Caribiaeriod

between spat and adult normally takes place within three to four months
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Crassostrea spesibegindevelopment within the first hour of fertdition, by cell division. At the 12

hour they are classified as Trochophores. Organogenesis dhdestedbopment are initiated, and the

larvae are free swimming depending on circular ciliary bands for movement. Following the
trochophore phase, they develop into D shaped larvae. Vital organs and nervous system have begun tc
further develop, while new gans such as the velum and foot begin to dev@mgeler, Bean, Lyons,

& Galloway, 2016) Veliger and Pediveliggghase mark the development of further expansion of the
oyster shell growth along with the presence ofega spot that is sensitive to ligahdis also a
prominent featureThis is followed by the full development of the foot and eyespot which signals its
preparation to settle on substrate. During the metamorphic phase, Crassostrea speciexgaesnal

will change i.e. a loss of velunoccurs,and gills take its place, while the foot would have either
disappeared partially or completely. This organ would secrete a cement like substance and settlement
would have taken place making them spat (mim&bysters that contain fully developed replicas of

adult oyster internal organs and external featuigaker & Mann, 1994; Fakhrina M N et al., 2018;
Wallace et al., 2008)The importance oproducing phytoplankton within batchery environment

allows for the proper growth and development of oyster in the first few phases of their life.

5.3.3.Feeding mechanism in Oyster

The uptake of food particles by bivalves can be catsgpbin two ways; (a.petting using mucous

nets or strings whether they are internal (within the mantel cavity) or external, or (b.) ciliate action, a
process where molluscely on cilia (finger like structures) to retrieve fodlard & Shumway, 2004)
Oysters can be classified as ciliate action organisms. Food is captured through filtration. At the earlier
stage of development, oysters at the D larval phase feed using their cilia and velum. Researchers
explain thatin Crassostrea angulatéCA), for example, seawater is ingested using the finger like
protrusion (cilia) which can be found orally and within the velum at which point micro algae are
retained and water is filtered out. Further filtration of algae occhewater hareached the velum
(developing digestive tract of oysters during the D larvae s(@ie)Liu, Zheng, Zhang, & Qi, 2015)

In adults water is taken into their body when the shell slightly opens, and the cilia startsrg beat
action on the gills which causes the movement of the cilia through the mantle, begin circulating the
water particles which exist on the other side. Cilia transport the filtered food to the mouth of the oyster,
after ingestion, it is moved to the storhggut) then passed on for processing and absorption in the
digestive diverticula(Ganapathi Naik. M, 2015)nderstanding feeding processes is important to aid

in providing the right microalgae in a hatchery ennirent consideationmust be given to the size,
shape and quantity of microalgae made available to the oyster for consumption.

5.4 Importance of a Hatchery.

Jamaica is currently embarking on a campaign to encourage the local consumption of products using
the tagline: iGr ow what we e at tospeaheadwrbgaatnmes that gncoorage fobod
security for thasland. The aim of these programmes is tmarage growth in cultivation and further
processing of more local products making them available for consumption and export. The Blue
economy (products from the earthos water b c
standardiation in the island and aking use of its potential sustainably falls under this category. The
government orgasation, The National Fisheries Authority, (NFA) formally the Fisheries Division

has been mandated to better sgilsustainably, the resources from the blue econonyiesftly and
effectively, and involves the exploration of underg@d species such awsters éstablishing a
Hatchery for their production) sea urchin production, Sea cucumber, Glass eel fisheries while
improving and further regulating activities associated with FAD and long line, artisanal and Industrial
pelagic fishing and Live Lobster productiddlimate change is a constant threat that is changing the
way our world operates. Adapting new technologies to mitigate against this issue is crucial to the
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survival of the aquaculture industry. Part of the protocol to ensure Caribbean readiness i beco
actively involved in changing the operation of our activities.

5.4.1.Essential Hatchery Operatiofsigal Production

Oyster hatcheries provide juvenile oysters for commercial production, restoration projects and
research(Wallace et al.2008) It is meant to provide the ideal environment, good water quality
parameters (Temp, DO, ph., Total Dissolved solids, nutrient availapddguate food sources that
facilitate bivalve spawning and egg development, D shaped larvae nutrition and spat production. Not
only oystersbut other bivalves such as clams, mussels, sea uretingan be cultured under these
conditions. Hatchery opations normally consist of a Broodstock/nursery area for maintaining spat
and Broodstock and a separate algal culture facility for feeding of oysters at eacl{Sadgs.&
Lovatelli, 2007) Some layouts may be in the order of Broodstock maintenance and spawning, larval
culture, setting ah cultch preparation and algal cultuigreese & Malouf, 1975]Crisp, Yule, &

White, 1985) No matter the order, their primary purpose is to maintain (feed and fatten oyster
Broodstock to ensure healthy eggs are feetil) and induce spawn érided Broodstock, care for
hatched larvae after spawning has occurred, and prepare mediums intended to allow spat to settle
before they are sent out to sea for further grow out until harvest.

5.5Microalgal culture

Microalgae as defined by Phycologisire chlorophyll containing organisms with a plant body that
does not differentiate into roots, stem or legy¥eaos Richmond, 2004They are usually microscopic

in nature and require specidd equipment such as a microscope for viewing. They can be classified
as unicellular (single individualxolonial (grouped) or filamentous (thread lik@ymos Richmond,

2004) Together in a confined space, they present a green hue or tinge in water. They can be found in
both fresh and marine environments, however for the feeding of bivalves that live in a marine
environment a marine alga is the corresponding dotor the Mangrove oysteCrassostrea
rhizophorae

When cultivating these specjdisere are several factors to considé) physical factors such as, light,
water temp, ph and other abiotic fact¢® microalgal species and biochemical presentahatrient
factors) (3) algal growth phases for harvesting algae at its optirstate (4) steps in producing a
microalgal starter culture, (5) the metlsad culture (e.g., batch, continuous, semi continuous, indoor
vs outdoor) (6) calculating ideal algabuantities for feeding, (7) algal species combination
recommended for the different phases of bivalve developifieh®, 2014) All of which will
contribute to thesuccessful and continuous production roicroalga especially in ahatchery
environment in Jamaica.

Different species require different types of algae; however, geographical location determines the type
of algae present and is most likely the type of algae being consumed by oysters in the wild. Under
hatchery conditions, oysters that are cultivated atdeu according to the content of the surrounding

sea but are rather fed a general species of algae that is used throughout the industry. A basic profile of
algal species fed to oysters are in Tablef the listing of species of algae cultured for oyster
production.The process of culture, the nutritional make up and feeding densities of the micro algal
species listed is part of the work to be examined by this paper to better understand how to culture, what
types and how much algae should be fed basetioaking densities in both the broodstgckieniles

andspat phases of oyster culture under hatchery conditions.
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Tablel. Specific Algal species cultured for oyster production under hatchery conditions worldwide.

Oyster
SpecieCultured

Ostrea edulis L.,
Crassostrea gigas
Mytilus edulis L.
Crassostrea Gigas

Crassostrea
Rhizophorae

Common Flagelate

Algae
Cultured
Hochrysis galbana
Rhodomonas baltica

Tetraselmis suecica

Dunaliella tertiolecta

Isochrysis galbana

Isochrysis
Pavlova lutherii

Nannochloris occulata

Tetraselmis chuii

Chaetoceros calcitran:

Phaeodactylum
tricornutum

5.5.1 Abiotic factors for Microalgae.
Microalgal production is common in hatcheries across the world. Producing these organisms requires
specific conditions to enable successful culture. At its core, microalgae make their own food via
photosynthesis which involves the uptake of nutrients fiteenwater and the use of light and carbon
dioxide. Within a hatchery setting providing these parameters along with nutrients such as nitrates,
phosphates, essential trace elements to treated seawater ensures that the production of algae i
continuous(FAO, 2014a) The specification for the parameters mentioned above in algal culture
should be in the following rangd@able 2).

Common Source
Diatoms
Cultured

Chaetoceros

calcitrans

Chaetoceros

gracilis

Thalassiosira

pseudonana

Skeletonema

costatum _ _
(Sarkis and Lovatelli, 2007

(FAO, 2014)
(Crisp et al., 1985; )
(Gerdes, 1983)

Chaetoceros
muelleri

Phaeodactylum
tricornutum

Table2 Water parameters ranges for Micro algal production in a Hatchery setting.

Paraméer Range Optimal Source

Temperature (°C) | 16-27 18-24

Salinity (gl) 12-40 20-24

Light intensity (lux)| 1,00610,000 2,500 5,000

(depends_ on volum (Brown & Blackburn, 2013)
and density)

Photoperiod 6:8 (max) 24:0 (min)

(light:dark hours)

pH 7-9 8.2-8.7
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5.5.2.Micro algal species and biochemical composition

Understanding types of algae and its nutritive requirements is key to supplying bavabeyuvenile

to broodstock with a balanced diet. All nutrients do not exist in a single algae and a diverse mixture of
microalgae ensures nutritive components aglprotein, essential amino acids, essential fatty acids,
carbohydratewitamins, minerals and trace elemefi{aauer & Southgate, 1998je readily available

for absorption throughout their juvenile stages anddults, for the development of gonads to produce
offspring and maintenance of everyday functioffse most common classes of microalgae cultured

and species belonging to those classes are listed in the table. The stages at which the mollusks can b
fedthe varying species particularly for oysters is also noted in &able

Table 3. Common microalgae cultured in aquacultuveich normally feed oysterspecies. Definition of
abbreviationdnclude BPL-Bivalve PostLarvae, BB Bivalve broodstock, BL Bivalve Larvae, MZ Marine
Zooplankton (Brown & Blackburn, 2013)

Micro algae species Used in Aquaculture of Bivalves
Class Genus E>_<amp|e of Category Source
Micro algae of use
. T. suiceia, T.
Tetraselmis .
chuii
Parsinophytes P_yr_a_mmamonas BP, BL
viginica
Mlcrpmonas BL MZ
pursila (Brown &
R. lens BL BP
Cryptophytes Rhodomonas -
yptopny R salina MZ Blackburn 2013)
Dunaliella
tertiolecta
Chlorophytes BP BB
Chiorella C.minimutissima | MZ
C. virginica MZ

Table 4 (cont.Common microalgae cultured in aquacultut@ch normallyfeed oystespecies. Definition of
abbreviationsncludeBPL-Bivalve Post_arvae, BB Bivalve broodstock, BLBivalve Larvae, MZ Marine
Zooplankton (Brown & Blackburr2013)

Micro algae species Used in Aquaculture of Bivalves
Class Genus Example of Category Source
Micro algae of use
Skeletoma S.costatum
S.pseudocostatur
Diatoms o T. pseudonana
Thalassirosira ,
T. oceanica
Chaetoceros g caIC||t|rar_1$ BL BB | (Brown &
- mueter BP Blackburn 2013)
. l. galbana
Isocrysis
l. spp
Premnesiophyte P. lutheri
Pavlova P.salina
P.pinguis
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Carbohydratesjitamins andminerals are the basic components found witthgae. For carbohydrates
they become available to the oyster readily as hydrolysable polysacch@hdgsallowbivalves to
utilise protein and lipids for biosynthesis. Proteins, the precursors to aminoaatid) tissue
biosynthesisttrough the supply of nitrogen and essential amarids(EAAS). Fatty acids in algae are
numerous However, the most important of these are DHA (docosahexaenoic acid), EPA
(eicosapentaenoic acid) and ARA (arachidonic )aciche overall purpose of these tfatacids
especially in bivalves contributes to egg viability and spat survival afterdatitih. DHA and EPA
contribute to membrane fluidity (viscosity of lipid bilayer of cell membrane) of bivalves. The role of
vitamins and minerals is not fullyndersood but the essential mineratsalcium normally absorbed
from the seawaters most useful and is suggested to contribute to shell growth of bivalves. Vitamins
are linked to the survival of larvae especially at the pedivegular éBagen & Blackburn, 2013;
Knauer & Southgate, 1999y providing a mixture of micro algae to cover the basic nutritional needs
of theCR.

5.5.3.Algae growth phases

Depending on the methods used to produce microalgae a clear and concise understanding of algal
phases and the ideal ti mes of harvest ensur es
development retains the maximum nutrient components. Thelypwises of algae can be separated

into foursegmentgTable 5):

Table4 Growth phases of algae (FAO, 2014a)

Induction Phase (Lag stage) Exponential Phase (Growth stage)

1 2

Very little growth occurs here. It may long if There is an increase in cell density, this may
culture is transfer of Algae from plate to liquidl due to algal species exposure to elements st
culture or short of liquid is inoculated with as: light intensity and temperature.
exponential growth algae. There is little

increase in cell density at this phase due to th

al gal c e bitalsadaptatibnyofscello |

metabolism to the process

Stationary Phase Death Phase (Crash Phase)

3 4

At this phase, there is a balance between the [l Deterioration in water quality and a depletion
limiting factor and growth rate. in nutrient results in a reduction aell density
and an eventual crash in the algal culture.

Ideally, culture should be continuously maintained at the stationary phase (3). Once beyond this
threshold there is a likelihood to produce toxic metabolites, composition deficit artigestibility
(FAO, 2014a)
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5.6 Starter culture methodologies

Starter culturere normally referred to as axeni®@. pure strain cultures free of other types of algae
andcan be classified as the building blocks that will allow a hatchery to produce large volumes of
specific species of algae whenever it is neeBgdneans of inoculating the designated container of
clean sea water. The process of culture begins in thenold) order stock culture starter culture

inter mediate scale culture. The first of which is kept without aeration anth@Xlimate controlled
environment that has low temperat(iFrdO, 2014a)

5.6.1.Methods of algal culture

There are two main modes by which algae can be produced: Indoor, which is normally intensive and
requires artificial light on the outside of the vessel housing the microalgae or Outdoor culture which
is more exposed to the elements and relies on natgihdinlg and takes place in large tanks or ponds
(FAO, 2014a) Common species produced includdonochrysis lutheriand Isochrysis Galbana,
Thalassiosira pseudonar{8reese & Malouf, 1975; Fakhrina et al., 20IB)ere are three maalgal
culturemethodologies incorporated to ensure quality is maintained. Bajiles a brief explanation

of each method.

Table5. Description of the methods of algal culture practised to produce marine edgéaued on
page 2(qSorgeloos, Center, Ghent, & Ghent, 1996)

Methods of Algal Culture

harvest wher . practised in
algal has rapidly. inoculation phase.
reached ned

maximum  to Labour intensive
maximum harvest. (container
density. must be cleanec

culture syster

Method Description Advantage Disadvantage Source

This  method Must be maintaine(

uses fertilsed for a specific time

seawater tha period

has beer

inoculated Harvest quality les

with a culture| .. . predictable

.| Simple, Flexible,
of algae, this is .
allows specie chang o (Sorgeloos,
Batch left to grow : . ¥ Contamination
. remedies defdés in . Center, Ghent, &

Culture until ready for prevention must b

sterilized and refilled

Ghent, 1996)
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Method Description Advantage Disadvantage | Source
Method Pr?rc]igrcees a
wh_ereby predictable
continuous uality aloae
supply of g y aigae.

Continuous Culture

(Turbiostat/Chem
stat)

fertilized sea
water is being
pumped into a
growth
chamber while
there isan
overflow of
excess algae
culture.

Technologicall
y adaptable an
therefore less
labour
intensive.

Relativly
reliable algal
culture system

T.statDilution

of algal culture

with medium to
keep algal

concentration a|

a preset level
(automatic)

Gives optimal
yield especially]
for
Dinoflagelate

C.stat
Introduction of

Bags can be
large and causeg
selfshading,
resulting in low
algae densies

Overall cost can
be expensive.

Restricted to
indoors due to
the need for high

illumination
requierments

fresh medium Can be
via steady flow | reasonably
This influences| affordable
growth rate ang
not cell density.
Semicontinuous I Unpredictable
Periodic harves :
duration.
of algae .
. : Flexible
immediately

topped up to
original volume
and
supplemented
with nutrients
for prolonged
use of the
batch.

method can b€
used indoor or
outdoor

Yields more
culture than the
batch method.

Susceptible to
contamination
especially
outdoor culture.

Build-up of
metabolites can
make the culture

useless.

(Sorgeloos et al,
1996)
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6. FINDINGS

SMEL algal culture station

An internship at SMEL, an algal culture statitmcated in BlainvillesurMer in Normandy France
was an important part of this resear8MEL produces algae using simple techniques that are cost
effective and efficientAs the leading facility in bivalvesesearch to aid farmers in the production of
bivalves, particularly cupped oysters, of the sp&€rssostrea GigasThey haveover thirty years of
experience irthis activity. As facilitators of technological transfer, their influemeaches as far as
Africa and now the Caribbean. Algal production technology transfer was doaesiteto the facility
which encompassetkctures practi@l experience in production methodologaesl interviews via a
guestionnaire gppendix & collecting resident expertiséo pinpoint specific information on algae
productionand their techniquethrough the different phases of oystsvelopment. Information
gathered will assis@adnaican the wayforwardin algae productiospecific to itsneedsunder h&chery
conditions.

SMEL employs the batch culture methagk. producing unicellular algae using a single vile, to
establish a culture in a sterilized beaker with nutrients. This storetempraturecontrolledroom

at temperatures of 18, with a salnity of up to 32 ppmlsochrysis Galbana, Tetraselmis suecica and
Chaetoceros calcitranare the three main species produced. These are obtained from the local algal
bank in the form of either a petri dish or borosilicate vile. Examples of the threesspeogeobserved

under a microscope and photographed (see appendix d)aidmeculture method for algae production

is applied to all species they produce. This way they can maintain the stock at the exponential growth
phase by consistently harvesting atjpm of the algae, refilling with treated seaater,and adding
nitrogenphosphate/nitrogesilicatephosphate solution for Flagellates and Diatoms. Simple
equipment is used for the process (see app&)dnaking it cost effective.

Algal production

Production of algae begins with a thuglease system. Stock culture is the building block for creating

the other three stages: Starter, immediate and-kEogle culture. The former is viable for up to a
month. Constant observation and monitgrare needed to ensure it is healthy enough to be used for
the three culture phases. Secondly, assessing the state of microalgae is part of the monitoring process
By observing algae under the microscope and noting the features and activity and using the
spectrophotometer to read concentration of the desired microalgae, will assist in maintaining quality
of the algae during its lifecycle at any of the phases of culture present in the lab. Establishing a culture
relies on the use of clean seawasanitzed holding containers and providing essential nutrients for

the growth of the algae being produgtds comes in the form of producing nutrient rich solutions or
culture mediums.

Algal Culture for Broodstock.

Broodstock feeding requirements are slightifedlent at this stage. As fufirown oysters, they can
handle all three species of algae being produced by SMEL. There is no specific algal strain
combination, more important is the diversification of algae available for the oysters to consume.
Feeding ofbroodstock normally takes place once a day, Algae ration is calculated by assessing a
sample of no less than-l@ adult oysters for flesh quality and dry weight. Flesh water content can be
removed with a compact dehydrator. Oyster can be fed anywheredme24 % of their dry weight

(see appendix 5Algae for feeding should be chosen and divided in two to reflect the percentage at
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which the oysters are being fed. The dry weight of each oyster species is also needed to complete the
calculation(FAO, 2014a) A detailed break down and example of how to calcidigel proportions

is seen in(appendixb). A spectrophotometer is used daily to access algal concentration and based on
a formula calculation of feeding quantity for the dayasel Algal quality is not compromised due to

the precision of feeding through calculating feed quantity. Because oysters a great filter feeder, and
the quantity being consumed is measured there is no waste produced except for excrement which is
removed viaa flow through system.

Algal Culture for Larvae phase.

Oysters at the vegular and pedivegular phase, are small and need big enough observation okthe specie
under a microscope after spawning can help to track the progress of development. Upon notice that
they have reached D shape, then feeding can begin. The combination of algae matters. It is important
to feed algae with a Diatom and a Flagellate to ensanedre receiving a diversity in the food being
provided. A single algae species cannot provide all the nutrients needed to satisfy their requirement.
At this stage of development, it is ideal to give Isochrysis and Chaetoceros due to their small size and
their easy intake by the D shaped larvae, as well as their nutritive component. They are then fed starting
with small quantities. Feed demand fluctuates as the larvae grow; however, their growth increases their
filtration rate and thus the demand for mfired. CR filtration rate is not known and could be explored

in further studies. Larvae are fed everyday once a day. Food distribution is done by hand, an amount
is measured and given to satisfy their needs (see appandMater quality is maintained byater
exchange. Maintenance of water beings 24 hours after spawning has taken place and exchanged up t
three times per weglfAO, 2014)

Algal culture for Spat.

Oyster at the spat stage are miniature versions of@adi#rs. Here theganconsume the three spes
produced at SMEL without complication. Like the larvae, demand for food will fluctuate, increasing

in quantity due to the growth of the spat. Settlement normally occurs when they have reached the
pediveliger stage and have gills and a foot appendaggemt, which can be observed under a
microscope(Fakhrina M N et al.,, 2018 SMEL ingect their larvae every two days to observe the
development taking place. Feed distribution can be done in two ways: Feeding according to container
capacity. (knowing the volume of the container) or feeding according to increase in growth of the
oyster lavae. It is recommended that the former be used for ease of exe(@A@Gn 2014a)This
methodology can also prove useful to Jamaica and calculations can be tweaked according to the
guantity of larvae it produces.

Culture Medium Production

Different mediums are tailored to meet the needs of the algae being produced. Species cultured at
SMEL use Conway medium (CM) along with treated seawater as the base for their mediums. CM
which is made up of drace element solution TES and additibaements is easy to prepare and
contains the ideal nutritive make up. Diatoms require a sodium silicate solution (SSS) along with the
Conway medium, to provide the algae with the building blocks needed to construct its silicate wall.
Flagellates do noteaed it due to their lack of a silicate wall. Starter cultures need a medium that will
enable growth and viability foruptoamonthr dschr ei ber cul ture maint.
F/2 mediaor HESAW media can be usd&#AO, 2014a) However, CM is used by SMEL the
preparation for which can be seen in (appedjlix he use of Conway medium is also recommended

for use in Jamaica for ease of medium production.
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Conway medium is made up of two formulations: A trace elems@ntion and added nutrients. The
former should be prepared to enable the production of (CM), the preparation for which can be found
in (Appendk 4). The formulation can be adjusted to make as little or as much medium as desired.
While stock cultures areohaerated and starter cultures are given enrichedFX®, 2014a) SMEL

does not use this methodology, their location to the sea allows for the constant supply of UV treated
filtered sea water to combat cross contamination in theiradions. This water contains some form of

CQe. which can be expensive in compressed form
| essens the complication of the process. Jamai
and filtered,can prove beneficial for micro algal culture system setup. UV rays and filtration reduces
the potential for any diseasausing agent hence the need to produce these nutrient rich solutions to
replace the depleted microalgae.
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7. DISCUSSION

Hatcheryculture has provided a solutidor high oyster demand.hrough the culture of microalgae,
bivalves can obtain essential nutriefits completegrowth and developmenHealthy and robust
gonads produce viable eggs for reproductiad contributesto survival ofthe offspring. Hence the
importanceof food availability. Thoughthe main guide foalgal culturecan be found in the FAO
book TheHatcheryCulture ofBivalves: a practical manudlheexperience from SMEHemonstrated
methods that Jamaica can adapt to suit its netedifferent phases fronr@odstock,Juvenile yegular
and pedivegularstageandspat

RecommendedViethod for Algal culture in Jamaica.

Batch culturgoroductionof microalgaeis practiced becaus#d the cet effectiveness of this method

which constitutes to approximately 40% of bivalve production dastshatcheryFAO, 2014a) It

would be ideal for Jamaica to ad#pis methodologyas it can be done asmall facility, with minimal

but essential equipment necessary for clean culture production (see appeanttixa@pssibility to

expand based on future demanoim theHatcheryJ amai caés <c¢l i mate can f
algaehowevera temperatureontrol room will be ideal to allow maximum control of the environment

and aid in slowing down the growth of algae. This would be done to allow algae to develop at different
stages avoidingny crash and extending its shelf life to facilitate the estabilent of other cultures.
Counting of algae daily can be time consuming and strenuous on hatchery technicians. It cannot be
stressed how important a spectrophotometer, microscope and desktop the efficiency of
performingthe daily duty of observing # state of algae at different quantities of cultlukewise,

an orbital lab shaker allows gentle agitation of stock culture to extend she@lifdoor culture could

prove useful in Jamaica especially if demand for alga is high and cannot be fhiilladyescale

culture. A closedag culture system withingreenhousaway from direct sunlight supported by an
outside frame, could also prove cost effective. Polyurethane is affordable and frames once constructed
and cared for, can be usedefinitely,and repaired repeatedly. Alterations would have to be made to
accommodate aeration to keep algae agitated and water oxygenated. A closed system akss minimi
contamination from outdoor elements. The drawback to this is the need for single use plastic.
Alternatives that can be sanitizgfibuld be considered.

Medium preparation and Sanitation Practices.

Mediums used to produce marine algae inclad#schreiber culture maintenance meditiESAW

medig Gui | | ar d 6,sConwdy 2nediam,dare sstandard mediums used for culture, however.
ErdschreibetHESAW,Gu i | | a r d 6can pfove diffiauletaproduce and may require additional
ingredients. Conway medium is versatile, easy to prepare. And can be used up to Intecukdrat
However, for large scale culture it is best to use Potassium Nitrate phosphate solution to enable this
form of culture as Conway medium is too expensive for large scale culture. Sodium metasilicate
pertahydrate can be added to facilitate diatoaiture. It should be eliminated for flagellates due to

their lack of a silicate wall (see appendix Sanitation practices are standard and important to
minimise cross contamination, it is therefore important to practice good hygiene and put elements in
place for this to be practiced. A hand wash and hand sanisiéitbon, theuse of 70% alcohol and the

use of an autoclavend autoclavable borosilicate glasslviand plastic caps (which are reusable and

will reduce environmental waste) is ideal for this practiecgortantly, using separate hoses for each

bin should be a day to day practice, the use of alcohol and distilled water as a means of sanitization for
utensils reduces cross contamination. Because of the consistent use of distilled water, a distilled water
machine should be purchased and readily maintained for the use in almost all aspects of algal culture.
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There is much research to be done in undersigrttiie behavior of algae in Jamaican waters and our
mangrove oysters thus we must beamind the recommendations chapter 8

8. RECOMMENDATIONSAND CONCLUSION

Jamai cabds t r opaeaslttlathallenge tortze ticudtivapoo of algas. $here afevathings

to consider when establishing an algal operat@aps in the production ahicroalgae in Jamaica
includeknowledge of the aquatic microbiome, especially those surrounding potential areas for oyster
cultivation. Analysis of the type of algaesgent in Jamaican waterg. observing algae unique to our
Caribbean territories that can adapt to our conditions readily. Research is needed to:

1.

Understand marine microbiome of Jamaica. Isolation of oyster favored algae. If we can capture
enough of oumndigenousalgae and practice methods of culture on them then we can produce
large volumes of algae suitable for our environment. The experimestraiehave to be
expensive and only requires the settlement of sea water left alone for two to three days and
identifying and isolating the desired algae under a microscope. Algae isolation can be done
through two means. Competition isolatidRemoving asnuch of the desired algae as possible

and setting up an environment to see which algae will grow faster than the other. Or pure
Isolation- Larger quantities of the desired algae are removed and incubated to allow optimal
growth of the species intended fase.

Secondly, understanding the best method of cultivation for algae and the specific types of algae
that mangrove oysters tend to prefer, by comparing growth of CR groups fed different diets is
a basis for which research can be conducted.

Understanihg the behavior of Jamaican Mangrove Oyster, is another aspect that should be
explored for research. The focus could be placed on filtration rate, natural feeding versus lab
cultured algae feeding and how it influences the growth and development o$thearg gaps

to be filled only through research.

An experimentation of the wuse of different
culture of Bivalves: A practical guide, could be undertaken to see how effective their use is for
our conditions.

Consderations for algal culturthat areof great importance include:

A

Access to clean seawater is imperative to the culturing needs. Contaminated water gives rise to
unwanted algae that may compete for food and nutrients being provided for the algae of choice.
They also become an avenue for disease development. Havindisanmtathods like UV

lighting alongside filtration for water coming in and out of the facility.

Data collection must be tHecusof algal production. A comprehensive data collection and
storage protocol allows for loAgrm accurate analysis of methoalgies employed, state of
water quality and performance of oystdtgyives an idea of the way forward when designing
programs for research. As well as making simple improvementraént and futurgystems
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A The production of algae outdads somethinghat Jamaica can consider. As a much cheaper
alternative to indoor culture. This can either be an open or closed system. It is recommended
that a closed system be used to culture algae in larger quaftitiesvill eliminate the need
for large vessels sh as vats and artificial light. Thlrawbackof this method is the risk of
contamination, low light penetration due to excess debris and quick failure of &HADe
2014b) Improving methods of outdoor culture fomdaican purposes can be researched.

In order to allow Bowen Bay to be the premier institution for bivalve production we must employ
newand emerging technologies that facilitate strategic management of resources for algal culture
and oyster production. Attion must be concentrated on having a stétthe-art lab. One that can
facilitate observation analysis and production of algae in convenient environment. This should in
future be able to supply the market with oyster and oyster products boosting éheaa@conomy

and eventually becoming the ideal place in the Caribbean for which research can take place on
marine andreshwatemicrobiome.
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11.APPENDICES

APPENDIX 1. MICROALGAL PRODUCTION AT SMEL

SMEL 6s Mi mradwcteoh rgomland algal culture phases

Figure10 Algal production room at SMEL in Blainvillsur-Mer, Normandy France Figurell Example of the Stock culture used to produce the thhese process ofgdl culture.

Stock Culture

Samples of cultures that will be
used to produce Starter,medium
and Large-scale culture

Algal Culture Room
at SMEL
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APPENDIX 2 MICRO ALGAE SPECIES PRODUCED AT SMEL.

Figure12 Examples of Micro algae in medium and cell under microscope.

Isochrysis Galbana

Chaetoceros calcitrans
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APPENDIX 3 PROCESSES FOR STARTING MICRO ALGAL CULTURES.

Table6.Methodologies for producing starter culture algae.
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