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Goals of this information session

A

Inform community the reproductive biology Bliploria labyrinthiformig a species with a
contrasting reproductive strategy compared to other Caribbean coral species

Present spawning monitoring efforts throughout the Caribbeaming of reproduction is
variable across locations

Provide guidance for monitoring and for those who plan on collecting gametes and rearing |
of this species, whether for research or restoration

Not a detailed methodology like the 20Caribbean Coral Spawning for Research and Restor:
Ol gFrAflofS 2y (UKS ¢b/ Qa Quebs#eD wSaAf ASYyOS ¢

Caribbean Coral Spawning for
Research and Restoration

How to raise larvae and outplant settlers
without shedding (a lot of) blood and tears

NOAA / TNC Coral Restoration Webinar
Presented on 8 February 2017
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The reproductive biology of Diploria labyrinthiformis i
A 7-yr-long case study on the Southern Caribbean island of Curacao
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New target species for sexual coral restoration

Abundant species on impacted reefs

bioGraphici:



New target species for sexual coral restoration

Article

Juvenile Coral Abundance Has Decreased by More Than 50% d. .
in Only Three Decades on a Small Caribbean Island wers lty
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Reproductive biology Diploria labyrinthiformis

Histological sections & Overnight gamete collection Spawning observations

ColombiaMay-June Puerto RicoApri-May BonaireDay time, MayJune
Alvarado et al. 2004 Weil & Vargas 2010 Muller & Vermeij2011

Sexual reproduction of the reef-building coral Diploria labyrinthiformis Mar Biol (2010) 157413-426
i a va . ’ . . . DOI 10.1007/500227-009-1328-5
(Scleractinia: Faviidae), in the Colombian Caribbean

ORIGINAL PAPER |R @ @f S ﬁ ﬁ @ S

Elvira M. Alvarade Ch.!, Rocio Gareia U2 & Alberto Acosta’

1 Cenmro de Investizaciones Clentificas (Museo del Mar), Universidad de Bogotd Jorze Tadeo Lozano, Sammafé de Day time spawning of a Caribbean coral
Bogom, D.C., Colomiia. Fax 57-1-281254; elvim alvaradogguiadeo.edu co ) } Comparative aspects of sexual reproduction in the Caribbean
2 Department of Marine Sciences, University of Puerto Rico - Mayaguez Campus, PO Box 208, Lajas PR 00667; . . .. .
rochyoR ihotmail com coral genus Diploria (Scleractinia: Faviidae) B e e e
- - S " - 2 A1 3 . - onn . that releases gamete bundles between April and July
3 ?ou:n.‘_a'u_n_.,pvem..&d Javeriana, E 7 WNe 43-82, Ed Carles Ortiz. Oficina 502, Begota, Colombda; e e e e o (Wedl o
laacosta55@hotmail com Ernesto Weil - Wilma L. Vargas Vargas 2010). On 10 and 11 days after the full moon in May

2011 (i.e., May 27th and 28th), the majority (>70%; density of
colonies >10 cm: 0.15 m™%; M. J. A. Vermeij, personal
observation) of D. labyrinthiformis colonies at a shallow reef
(5-6 m) on Bari Reef, Bonaire (12°10.021'N, 68°17.255'W)
& were observed releasing gamete bundles in the late aftemoon
(1800-1845 hours) just before nightfall at 1901 hours when
the sun disappears below the horizon (Fig. 1). Spawning was
also observed on June 27th, between 1815 and 1900 hours,
likely by colonies that did not spawn in May. To our
knowledge, this is the first time that colonies of a Caribbean
coral species spawned simultaneously before nightfall. The
species has been observed spawning at night 9-10 days after
the full moon across the region, but reported spawning peri-
ods vary considerably (see references in Weil and Vargas
2010). Our observation indicates that the flexible reproduc-
tive timing of this species varies on even shorter temporal
scales, i.e., between day and night. The adaptive mechanism
behind such flexible spawning stralegy is unclear at present,
but favorable envi for set-
tlement (e.g., presence of large amounts of open space due to
low seasonal algal cover; Alvarado et al. 2004) and the

s-v f»@ A Broadcast spawning

A Hermaphroditic

A Mature gametes in April

A Collection cups full on-8-10

= J ive isolation from tv Iring
DA F M I n A rI I an d M a Dlplormspccleslhalspawn mtl'uefall(chIandVargasZOlO)
have been as possible ions. D. I

formis is a pioneer species on open space on shallow reefs on
Bonaire and other islands in the region (Vermeij 2006) and
locally dominates shallow water coral communities (M. J. A.
Vermeij, personal observation). The unique reproductive
flexibility observed in this species could help to increase its
ecological success in times where most other Caribbean coral
species decrease in abundance due to anthropogenic insults.

A Springspawning

Fig. 1 aThe release of gamete bundles by Diploria labyrinihiformis during the late afternoon on
May 27, 2011. Note the blue background indicating that nightfall has not yet oceurred. References
b Corallivores such as Chaetodon capistratus were observed feeding on the released gamete

DAFM: Day#\fter Full Moon




2013Diploria labyrinthiformispawning monitoring on Curacao

Site

! A Holiday Beacheef

~ % A 40 randomly selected
.. .~ colonies

Leeward coast

& :1 A X ™M n2dianeder
}:

-\ Monitoring

A monthly starting in April
A 9tol4 DAFM

A -110 to 0 min RS

A 10 colonies per observer
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Reproductive timing @iploria labyrinthiformisn Curacao

A May-October
A 6 reproductive events that year
A 2 seasonal peaks: Spring/Autumn
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Characteristics ddiploria labyrinthiformispawning




20132019Diploria labyrinthiformispawning monitoring on Curacao

A Individual colonies spawn up to 3 consecutive months per year
A Two seasonal reproductive cohorts

A Reproductive timing of individual colonies consistent through years

Both

Spring cohort Autumn cohort
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Reproductive isolation of two seasonal cohorts: an example of
cryptic speciation in sympatry?

Phylogenetic tree (962 SNPs

Structure diagramk=2)
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Occurrence of cryptigiploria labyrinthiformispecies in the Caribbean
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Current data set, monitoring and predictions of Diploria
labyrinthiformis spawning across the Caribbean region
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Diploria labyrinthiformispawning monitoring partners

Curacgao & Bonaire DominicanRepublic

Dr. Valerie Chamberland (Carmabi & SEQORE  Rijta Sellares &/aria Villalpando Fundemay
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General patterns ddiploria labyrinthiformispawning across the

Caribbean region

Dlabis unique among Caribbean coral species

A Has the broadest spawning window
A Range: May to September
A Peaks: June and August

However, on Curacao, there are two peaks)e in the
springand asmaller one in the falland months vary

depending on when the full moons falls within the ye

A Range: late April to early November
A if full moon falls after mid April
A if full moon falls after 3rd week of October

A Peaks: May/June and August/September

Coral REEF Lab

Reproductinn and Evolutionary Ecnlﬂgy- |:t:=+gaart*_,;r Lab

Anna C. Jordan (201Batterns in Caribbean Coral
SpawningMaster's thesis. Nova Southeastern University.

Mlay | June | Tuly August | September | October |Tfuu:mbu:r

A. cervicornis

A. palmata

A. prolifera
I O. annularis

2 faveolata

Q. jramksi

(' pafgns

I
labvrinthiformis

F. sirigosa

D. eviindrus
M. cavernosa

8. infersepta

Figure 2. Spawning months by species. Gray represents a month in which spawning occurs.
Black represents the peak spawning month(s).



General patterns ddiploria labyrinthiformispawning across the
Caribbean region

Dlabis unique among Caribbean coral species Coral REEF Lab

Reproductinn and Evolutionary Ecnlﬂgy- |:t:=+gaart*_,;r Lab

A Has the broadest spawning window

A Range: May to September (April to Oct/Nov) Anna C. Jordan (201Bhtterns in Caribbean Coral
A Peaks: June and August/September SpawningMaster's thesis. Nova Southeastern University.

A Only species to spawn exclusively before sunset

A Smallest range of spawning times Plilolr Bl E ElZ s SIE|E| kI
A Range:117 to 0 min RS S
A Peak-52 to-40 min RS A palmara |

A prolifera

A However, on Curacao, spawning can last +10 @ amarix |

O favealata
min RS, with a peak a#5 to-15 min RS Q. franksi
I,
labvrinthiformis
T sfhriposao

D, evlindrus |
M. cavernosa |

5. intersepta

Figure 4. Spawning times by species. The numbers correspond 1o the minutes after sunset
that spavwming occurred with negative numbers relermng 1o the minutes belore sunsel. Gray
represents thal spawnmg was observed witlhm that 30 mmute tme [rame.

RS: Relative to Sunset




General patterns ddiploria labyrinthiformispawning across the

Caribbean region

Dlabis unique among Caribbean coral species

A Has the broadest spawning window
A Range: May to October
A Peaks: June and August

A Only species to spawn before sunset

A Smallest range of spawning times
A Range:117 to +10 min RS
A Peak-52to-15 min RS

Additional information
A Spawning days
A Range: 8 to 13 DAFM

A Peak: 11 and 12 DAFM
A but can vary depending on location

Coral REEF Lab

Reproduction and Evolutionary Ecolﬂgy- anarty Lab

Anna C. Jordan (201Batterns in Caribbean Coral
SpawningMaster's thesis. Nova Southeastern University.

A. cervicornis

A. palmaia
A. prolifera
O annularis
O. faveolata
). franlsi

C. natans

I
labvrinthitormis

¥ - -
I, strigosa

D. evlindrus
M. cavernosa

&, intersepia

Figure 3. Spawning days by species, The numbers correspond to the date atter the full moon
with day 0 relermng 1o the date of the [ull moon. Gray represents a dav m which spawnmg
occurs. Black represents the peak spawning davs. Peak spawning dayv was not included for A,
profifera because there were not enough observations (o caleulate.

RS: Relative to Sunset
DAFEM: Day#\fter Full Moon




General patterns ddiploria labyrinthiformispawning across the
Caribbean region

Coral REEF Lab

Dlab is unigue among Caribbean coral species
Reproduction and E'f.mulutir.::narw_ﬁ,r Ecolﬂgy- Fﬂgarty Lab

Anna C. Jordan (201Batterns in Caribbean Coral
SpawningMaster's thesis. Nova Southeastern University.

A. cervicornis
A. palmaia
A. prolifera
O annularis
O. faveolata

). franlsi

Additional information C s

A NO Spllt Spawning has been recorded for thls labwrinthitormis

¥ - -
I, strigosa

species (No spawning in consecutive months in . cyiidrus
same reg|0n) M. cavernosa

&, intersepia
A CU ra(;aOZ u p to 3 consecutive Spawn | ng mo nthS Figure 3. Spawning days by species. The numbers correspond to the date atter the full moon
; with day 0 relermng 1o the date of the [ull moon. Gray represents a dav m which spawnmg
for tag g ed COIOn I€S occurs. Black represents the peak spawning davs. Peak spawning dayv was not included for A,

A M eX|CO u p to 2 Consecunve Spa\Nn | ng months profifera because there were not enough observations 1o caleulate.

_ RS: Relative to Sunset
for tagged colonies DAFM: Day&fter Full Moon




Caribbearwide Diploria labyrinthiformispawning monitoring

Florida Keys, USASummerlandKey
Skylar Snowden, Cory Walter @ Mote Marine L
2015:May (1614 DAFM)




CaribbearwideDDiploria labyrinthiformispawning monitoring

Eleuthera, BH

Valeria Pizarro @ Cape Eleuthera Instit
2019:May (12 DAFM62 min RS)
2019:June (10 DAFNMB6 t0-66 min RS)
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CaribbearwideDiploria labyrinthiformispawning monitoring

St. Eustatiusg CorreCorre
Kimani KitsofWalters, Erik Houtepen @NSI/STENAPA

2018:July(12-14 DAFM)
2018:August (1214 DAFM)
2018 September(9—14 DAFM)
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CaribbearwideDDiploria labyrinthiformispawning monitoring

Playitac DominicanRepublic
RitaSellaresMariaVillalpando@ FUNDEMAR ‘ ‘
2017:Aug(11 DAFM;40to -30 min RSYct (1614 DAFM)

2018:May, June (peakjuly,Aug, Sep (11 DAFM.5 to-30)
2019 May (1011 DAFI\/I 100 to-50), June & July (10 DAFM dribbk)g, Sep, Oct
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CaribbearwideDiploria labyrinthiformispawning monitoring

LaParguera Puerto Rico

Ernesto Well, Wilma Vargas @ University of Puerto
19992005:April-May

Fall unlikely based on histology study
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CaribbearwideDDiploria labyrinthiformispawning monitoring

Elvira Alvarado @ Universidad Jorge Tadeo Lozano & ECOMARES

2004:May-June?Basedon histologystudy
2019:May? (butterfly fish abundant at 5:30 pm, observation by PN staff)

June (1 12 DAFM)
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CaribbearwideDDiploria labyrinthiformispawning monitoring

Southern Caribbeaiq Curacao and Bonaire
Curacao: CARMABI & SECOREL22019
Bonaire: Ellen Muller & Reef Renewal011-2020
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CaribbearwideDDiploria labyrinthiformispawning monitoring

Puerto Morelos, Mex; LaBocanaReef ThejBahamas |
Ania & Sandra Mendoza @ UNAM & SECORE L 2 B
2015:Sep (1614 DAFM) @ ‘ id
Puerto Morelos, Mexc JardinesReef MX '*
2017:Apr, May,Jul, Aug (10, 11 DAFAS0 to-45 min),Sep
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When to dive? being
conservative is the key

Months:
A April to November
A1f FM occurs after mid\pril, start in April

AIf October FM occurs after 3rd week in Octok
spawning may occur in November

Days:

A+9 to +14 DAFM

Times:

A -115 min to +5 min relative to sunset

Even if there are negative observations in your region =
it could still happen!



2020 spawning prediction calendarsoploria labyrinthiformis

A Need for increased monitoring efforts to determine if two seasonal cohorts/cryptic species

occur throughout Caribbean

A Predicting spawning of this speciepeak spawning do not always occur on the same months

between yearg check lunar cycle)

Dominican
Republic

The Bahamas

Mexican
Caribbean

Curacao/Bonaire
(+11,+12)

Month LN
FM
May 7t
June 5th
July 5
(Maximal brightness: 00:44 AM)
August Sl
September 2
(Maximal brightness: 01:22 AM)
October it
November (Oct) 3%

(+10, +11)
16,17, 18,19
14,15, 16,17
13,14, 15,16

12,13, 14,15
10,11, 12,13,

10,11, 12,13
9,10, 11,12

17,18, 19, 2C
15, 16, 17, 18
14, 15, 16, 17

13, 14, 15, 1€
11, 12, 13, 14

11, 12, 13, 14

(+10, +11)

13,14, 15,16,
(17)

12,13, 14,15

10,11, 12,13,
(14)

10,11, 12,13
9,10, 11,12

17,18,1920
1516,1718
1415,1617

13,14,1516
1112,1314

1112,1314
10,11,1213



Guidelines for monitoring and collecting coral spawning data

A Materials available on the CRC LP Webpage

A http://crc.reefresilience.org/workineproups/larvaipropagation/

A SpawningVonitoring GuidelinePDF)
A Coral_spawning_data_ TEMPLAEEcekheety

Spawning
monitoring
guidelines for
Caribbean coral
species

Photo credit: B. Mueller

Adapted from the webina€aribbean Coral Spawning for Research and
Restoration

KristenMarhaver Valérie Chamberland and Nicole Fogarty

| @l At Lot S 2y GKS [/ w/ Qa 6Soani
groups/larvalpropagation/

If you wish to participate to monitoring spawning,
please fill out the poll you will receive shortly
following this webinar or email
v.chamberland@secore.org

Estiles

# of days AFM:

e
4 |Country: Sunset time:
Site: Focal species monitored:
Depth rangs Other species monitored:
Area (m°). Monitoring start:

8 Observer(s) Monitoring stop:
Additional notes:

Time Time Time
# of colonies ¥ of colonies  |setting spawning |spawning
11 Hermaphroditic species |monitored that spawned |started started stopped Individual spawning times per colony (if available)
12
13
14
1
# of colonie: Time Time Time
monitored f colonies  [setting spawning |spawning
Gonochol (total) oppe: olony (if available)
MALE
FEMALE
Guidelines | UW slate - template JUWSlateexample h I ntry she



http://crc.reefresilience.org/working-groups/larval-propagation/
mailto:v.chamberland@secore.org

Guidelines for monitoring and collecting coral spawning data

ANicole Fogartys Coral Spawning Research Facebook Group

Coral Spawning Research B oo o _
@ Public gr'of:z - 2.6 mil mgmbers l@‘i"g&;w@@‘ﬁ

About Discussion Members Events Media Files Q

About This Group

The Coral Spawning Research Group (CSRG) is a forum for scientists,
managers, and the general public to post observations, questions, and
discus... See More

Public
Anyone can see who's in the group and what they post
Visible

Anyone

General Group
History

Group cre

Members - 2,580

AEmail spreadsheets tochamberland@secore.org



about:blank

Coral Spawning Database

Marine Informatics Unit (UNINMAR)
Universidad Nacional Autbnoma de México
banaszak@cmarl.unam.mx

A PublicAccess
A Tl’lple backup Bisqueda por palabra| » | +Basqueda avanzada +Navegador = Colecciones -~ Geoportal = Iniciar sesion - +Enf:;SNh”;/;r::m
A Determineschedulebasedon
frequencyof use

A Dedicateddatabasemanager

experiencedn marinedatabases
A Bilingual _ |
A Dropdown menusbasedon EXCe| i e inermace warina nimmae) ge msturo de ciencas et ar v Limnalota, unas riens stz sandaree

dulceacuicolas de México.

d ataS h e etS Hecho en México, Universidad Nacional Autonoma de México (UNAM), todos los derechos reservados 2011-2016.

Esta pagina puede ser reproducida con fines no lucrativos, siempre y cuando no se mutile, se cite la fuente completa y su direccion electrénica. De otra forma, requiere
permiso previo por escrito de la institucion.

(2]

© f; UNINMAR

Nuevos registros




Larval propagation of Djploria labyrinthiformis for research and
restorationiDos and Donodots

Presented by
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Why work witiDiploria labyrinthiformi3

A Increased opportunities for spawning research an
restoration throughout the year

A Relatively easy gamete collection
- common species on many reefs
- easyspeciegdentification
- day time spawning

A Relatively easy larval rearing
- short embryo development
- rapid competency
- high settlement rates

We highly encourage to start with this species when
less experienced with larval propagation work

Ellen Mulleg



What you will learn during this presentation

A Gamete collection

A Fertilization & Embryogenesis

A Culture maintenance

A Larval settlement and postettlement
development

Consult the 2017 Webinar
Caribbean Coral Spawning Research and Restoration
for very detailed instructions on coral spawning techniques

Caribbean Coral Spawning for |
Research and Restoration R —

How to raise larvae and outplant settlers
without shedding (a lot of) blood and tears

NOAA / TNC Coral Restoration Webinar
Presented on 8 February 2017

Hosted by
Kristen Marhaver: CARMABI Foundation, Curacao
Valerie Chamberland: SECORE Int'l & CARMABI Foundation, Curacao
Nicole Fogarty: NOVA Southeastern Univ,, Ft. Lauderdale, FL, USA
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http://crc.reefresilience.org/

Gamete collectiog Know your colonies

A Stay alert to butterfly fish activitgd dz R 2 y QU
A Remember that a colony may spawn in up to 3 pulses

A If possible, track the same population over tiqgou
might be able to detangle spring vs autuspawners

A Use a spawn collection net only once to limit the spreac
of the SCTLD and other pathogens among colonies

A You will be diving during day time, but darkness may
sneak up on you bring a dive light!




Gamete characteristiesbig bundles/small eggs

A Sperm egg bundles are big (~2400 pnt @most twice the size okcroporapalmatabundles
A Eggs are relatively small (~400 umg@)most half the size k. palmataeggs

A Each bundle contains mghy eggs (average of 995+5D, n = 34) 10 times that ofA. palmata
A Spermegg bundles brgakzL) X cn YA Y ¢lyfdicallg dNding that dévg A y 3

A Egg pigmentation is/extremely varialgl@ot to be mistaken with a bad collection

A Eggs contain GRfAhey fluoresce upon release
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Fertilizationg optimized protocols

A For how long after spawning can fertilization still occur?
A What is the optimal spermoncentration forfertilization? ,
A What is the optimal contact time between male and female
gametes to allowertilization? .
& hew-James Benne

TaniaDobladoSpeck
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Fertilizationg optimized (and convenient!) protocols

1. Mixing gametes

Breakdown of fertilization when
gametes are between >3and 5hr-old
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There is ample time after spawn collection to mix gametes together.
The earlier the better, but do not rush and stress. Slow and steady is the key.

Matthew-James Bennett & TanobladoSpeckinpublisheddata)



Fertilizationg optimized (and convenient!) protocols

Breakdown of fertilization at a sperm
concentration somewhere between
<1C® and 10 sperm per mL

2. Adjusting sperm concentration
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At concentrations above 10polyspermy might occur. Dilute if water column is very murky.
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Fertilizationg optimized (and convenient!) protocols

3. Allowing fertilization Fertilization success of 100% after
gametes were in contact for very
short periods of time (<30 min).
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To be conservative, it iIs recommended to allow fertilization for-86 min
(to account for lower sperm concentrations and/or compatibility issues between pairs of parents’
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Embryogenesiswhat to expect and what to do

Rinse eggs
(fat separator)

Fertilizeg eggs first cell divisions

1

Eggs are fertilized but Embryos very Polyembryony ~ Even more sensitive

have not initiated cell sensitiveto  resultinginclonal 12 o NBI | 35X
divisions and are breakage embryos of smaller

therefore less fragile sizes

Chamberland et al. 2016



Embryogenesiswhat to expect and what to do

_ Assess fertilization rate
Rinse eggs

(fat separator) Keep at low density and limit handling

first cell divisions _ morula

Fertilized eggs
Tl

Eggs are fertilized but Embryos very Polyembryony  Even more sensitive
have not initiated cell sensitiveto  resultinginclonal 12 o NBI | 35X
therefore less fragile sizes

Chamberland et al. 2016



Embryogenesiswhat to expect and what to do AF = After Fertilizatio

Best timing for a

_ Assess fertilization rate complete water
Rinse eggs change

(fat separator) Keep at low density and limit handling (fat separator)

first cell divisions _ morula

Fertilizeg'g"gs spheroidal embryo

10h00 AF

t

)
Eggs are fertilized but Embryos very Polyembryony  Even more sensitive Gastrulationis completed.
have not initiated cell sensitive to resulting in clonal 2 o NBI | | EmBryos are still buoyant
divisions and are breakage embryos of smaller and are less fragile
therefore less fragile sizes / \1’

Larvae will be motile & hrslater and Unfertilized eggs will have
more time consuming to water change decayed and will be discarde
Chamberland et al. 2016 (pipette or sieve) through the water change



Larval settlement have your settlement substrates ready
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Ensure conditioned substrates are readily available for settlemen

Adding a gentle water flow optimizes settlement rates

Most larvae will settle in cryptic habitats (undersides of surfaces)

Matthew-James Bennett, Tani2obladoSpeckRobbertJanGeertsmaunpublishedlata)

Most larvae have fully developed and are
swimming in the water column

Larvae have descended to the bottom and arg
either crawling or laying

\V

Larvae have initiating settlement and
metamorphosis

Highest settlement rates occur during this
period

~80% of live larvae have settled and complete

metamorphosis




Postsettlement developmengthealthy settlers

Processes driving early p@ttlement growth and survival are understudied and constitute the
F20dza 2F OGUKS /w/ Qa [FNIFIf tNRBLI IIFGAZ2Y 2 2NJ A

What we know aboubDiploria labyrinthiformis

Diploria labyrinthiformis Acropora palmata
10-month-old ¢ 1-month-old

Primary polyps initially invest in polyp growth (3D) rather than polyp divisions (2D)

Chamberland et al. (2016)



Postsettlement developmengthealthy settlers

Processes driving early p@ttlement growth and survival are understudied and constitute the
F20dza 2F OGUKS /w/ Qa [FNIFIf tNRBLI IIFGAZ2Y 2 2NJ A

What we know aboubDiploria labyrinthiformis

(@) Absence of symbionts (b) Low symbiont density () High symbiont density

Early acquisition of Symbiodiniacedenslates into higher survival (3.7x) and growth (2x) the
following 5 months

Chamberland et al. (2016)



Postsettlement developmenthealthy settlers

Processes driving early pestttlement growth and survival are understudied and constitute the
F20dza 2F O0KS /w/ Qa [FNXIFf t NRLI Il GAZ2ZY 2 2NJ A

RobbertJanGeertsma

What we know aboubDiploria labyrinthiformis

Onset of heterotrophy Artemia nauplii) 4 days after metamorphosis in some settlers,
by 10 days 85% of settlers are feeding



The next steps
Optimizing rearing dDiploria labyrinthiformisettlers

SECORE & CARMABI on Curacao CORALIUM & SECORE in Mexico

Kelly Latijnhouwers‘ Amino acid and nutrientenriched diets

preservation
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Coral Species Fact Sheets

crc.reefresilience.org




