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Goals of this information session 

Å Inform community the reproductive biology of Diploria labyrinthiformis ςa species with a 
contrasting reproductive strategy compared to other Caribbean coral species

Å Present spawning monitoring efforts throughout the Caribbean ςtiming of reproduction is 
variable across locations

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

Å Not a detailed methodology like the 2017 Caribbean Coral Spawning for Research and Restoration 
όŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ¢b/Ωǎ wŜŜŦ wŜǎƛƭƛŜƴŎŜ bŜǘǿƻǊƪ ŀƴŘ /w/Ωǎ websites)
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The reproductive biology of Diploria labyrinthiformisς

A 7-yr-long case study on the Southern Caribbean island of 
Curaçao
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Current data set, monitoring and predictions of 
Diploria labyrinthiformis spawning across the 

Caribbean region 
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GotoWebinar

You are muted by the organizers.

At the end there will be a concluding Q & A session for general 
questions. To add your question to the queue, type them in 
the Control Panel. 

Please delete your questions if we answer them along the 
way!



The reproductive biology of Diploria labyrinthiformisï
A 7-yr-long case study on the Southern Caribbean island of Curaçao
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New target species for sexual coral restoration
Abundant species on impacted reefs



Spawners Brooders

New target species for sexual coral restoration

Diploria spp.

The overall absolute number of 
juveniles has decreased in ~30 yrs, 
but some species are recruiting in 
higher numbers relative to 1974 



Reproductive biology of Diploria labyrinthiformis

Histological sections & Overnight gamete collection

Colombia/May-June
Alvarado et al. 2004

Puerto Rico/April-May
Weil & Vargas 2010

Å Broadcast spawning
Å Hermaphroditic
ÅMature gametes in April
Å Collection cups full on 8-9-10 

DAFM in April and May
Å Springspawning

Weil & Vargas (2010)

Spawning observations 

Bonaire/Day time, May-June
Muller & Vermeij2011

DAFM: Days After Full Moon



2013Diploria labyrinthiformis spawning monitoring on Curaçao

Site
Å Holiday Beach reef
Å 40 randomly selected 

colonies
Åҗ млл ŎƳ2 diameter

Monitoring
Åmonthly starting in April
Å 9 to14 DAFM
Å -110 to 0 min RS
Å 10 colonies per observer

Valérie Chamberland

Chamberland et al. (2016)



Reproductive timing of Diploria labyrinthiformis on Curaçao

ÅMay-October
Å 6 reproductive events that year
Å 2 seasonal peaks: Spring/Autumn

Chamberland et al. (2016)

Å -50 to -2 min RS
Å Peak -45 to -15 min RS
Å 10-13 DAFM
Å Peak 11-12 DAFM

RS: Relative to Sunset
DAFM: Days After Full Moon



Characteristics of Diploria labyrinthiformis spawning

Benjamin Mueller



Å Individual colonies spawn up to 3 consecutive months per year
Å Two seasonal reproductive cohorts
Å Reproductive timing of individual colonies consistent through years

2013-2019Diploria labyrinthiformis spawning monitoring on Curaçao
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Reproductive isolation of two seasonal cohorts: an example of 
cryptic speciation in sympatry?
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Phylogenetic tree  (962 SNPs) 

Mathias Gomez-Corrales et al. (unpublished data)

Structure diagram (K=2)

DAPC for seasonal cohorts



Occurrence of cryptic Diploria labyrinthiformis species 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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Dr. Anastazia Banaszak

Sandra Mendoza Quiroz
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Diploria labyrinthiformis spawning monitoring partners

USA
Skylar Snowden, Sea LifeArizona

Curaçao & Bonaire
Dr. Valerie Chamberland (Carmabi & SECORE) 
Francesca Virdis (Reef Renewal)
Ellen Muller (underwater photographer)

DominicanRepublic
Rita Sellares & MariaVillalpando (Fundemar)

Bahamas
Dr. Valeria Pizzaro(TheNatureConservancy)

Colombia
Dr. Elvira Alvarado (Universidad Jorge Tadeo 
Lozano, ECOMARES)

St. Eustatius
Kimani Kitson-Walters (CNSI)
Erik Houtepen (STENAPA)



General patterns of Diploria labyrinthiformis spawning across the 
Caribbean region 

Dlabis unique among Caribbean coral species 

Å Has the broadest spawning window

Å Range: May to September

Å Peaks: June and August

Anna C. Jordan (2018)Patterns in Caribbean Coral 
Spawning.Master's thesis. Nova Southeastern University.

However, on Curaçao, there are two peaks, one in the 
spring and a smaller one in the fall, and months vary 
depending on when the full moons falls within the year

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

ÅPeaks: May/June and August/September



General patterns of Diploria labyrinthiformis spawning across the 
Caribbean region 

Dlabis unique among Caribbean coral species 

Å Has the broadest spawning window

Å Range: May to September (April to Oct/Nov)

Å Peaks: June and August/September

Å Only species to spawn exclusively before sunset

Å Smallest range of spawning times

Å Range: -117 to 0 min RS

Å Peak: -52 to -40 min RS

Anna C. Jordan (2018)Patterns in Caribbean Coral 
Spawning.Master's thesis. Nova Southeastern University.

Å However, on Curaçao, spawning can last +10 
min RS, with a peak at -45 to -15 min RS

RS: Relative to Sunset



General patterns of Diploria labyrinthiformis spawning across the 
Caribbean region 

Dlabis unique among Caribbean coral species 

Å Has the broadest spawning window

Å Range: May to October 

Å Peaks: June and August 

Å Only species to spawn before sunset

Å Smallest range of spawning times

Å Range: -117 to +10 min RS

Å Peak: -52 to -15 min RS

Additional information

Å Spawning days

Å Range: 8 to 13 DAFM 

Å Peak: 11 and 12 DAFM 

Å but can vary depending on location

Anna C. Jordan (2018)Patterns in Caribbean Coral 
Spawning.Master's thesis. Nova Southeastern University.

RS: Relative to Sunset
DAFM: Days After Full Moon



General patterns of Diploria labyrinthiformis spawning across the 
Caribbean region 

Dlab is unique among Caribbean coral species 

Å Has the broadest spawning window

Å Range: May to October

Å Peaks: June and August 

Å Only species to spawn before sunset

Å Smallest range of spawning times

Å Range: -117 to +10 min RS

Å Peak: -52 to -15 min RS

Additional information

Å No split spawning has been recorded for this 
species (No spawning in consecutive months in 
same region)

Anna C. Jordan (2018)Patterns in Caribbean Coral 
Spawning.Master's thesis. Nova Southeastern University.

Å Curaçao: up to 3 consecutive spawning months 
for tagged colonies

Å Mexico: up to 2 consecutive spawning months 
for tagged colonies

RS: Relative to Sunset
DAFM: Days After Full Moon



Caribbean-wide Diploria labyrinthiformis spawning monitoring

Florida Keys, USA ςSummerlandKey
Skylar Snowden, Cory Walter @ Mote Marine Lab
2015: May (10-14 DAFM)



Eleuthera, BH  
Valeria Pizarro @ Cape Eleuthera Institute
2019: May (12 DAFM  -62 min RS) 
2019:June (10 DAFM -86 to -66 min RS)

Caribbean-wide Diploria labyrinthiformis spawning monitoring



Caribbean-wide Diploria labyrinthiformis spawning monitoring

St. EustatiusςCorre Corre
Kimani Kitson-Walters, Erik Houtepen @ CNSI/STENAPA 
2018: July(12-14 DAFM)
2018:August (12-14 DAFM)
2018:September(9-14 DAFM)



PlayitaςDominicanRepublic
Rita Sellares, María Villalpando@ FUNDEMAR
2017: Aug(11 DAFM, -40 to -30 min RS),Oct (10-14 DAFM)
2018: May, June (peak), July, Aug, Sep (11 DAFM; -75 to -30) 
2019: May (10-11 DAFM, -100 to -50), June & July (10 DAFM dribble), Aug, Sep, Oct

Caribbean-wide Diploria labyrinthiformis spawning monitoring



La Parguera, Puerto Rico
Ernesto Weil, Wilma Vargas @ University of Puerto Rico
1999-2005: April-May
Fall unlikely based on histology study

Caribbean-wide Diploria labyrinthiformis spawning monitoring



Parque Nacional Corales del Rosario, COL
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 (11 ς12 DAFM)

Caribbean-wide Diploria labyrinthiformis spawning monitoring



Southern Caribbean ςCuraçao and Bonaire
Curaçao: CARMABI & SECORE ς2012-2019
Bonaire: Ellen Muller & Reef Renewal ς2011-2020 

Caribbean-wide Diploria labyrinthiformis spawning monitoring



Puerto Morelos, Mex ςLa BocanaReef
Ania & Sandra Mendoza @ UNAM & SECORE
2015: Sep (10-14 DAFM)
Puerto Morelos, Mex ςJardines Reef, MX
2017:Apr, May, Jul, Aug (10, 11 DAFM, -50 to -45 min), Sep
2018:Jul, Aug, Sep (10, 11 DAFM, -50 to -45 min)

Caribbean-wide Diploria labyrinthiformis spawning monitoring

A

A



When to dive? ςbeing 
conservative is the key

Months: 

ÅApril to November

ÅIf FM occurs after mid-April, start in April

ÅIf October FM occurs after 3rd week in October, 
spawning may occur in November

Days:

Å+9 to +14 DAFM

Times:

Å-115 min to +5 min relative to sunset

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



ÅNeed for increased monitoring efforts to determine if two seasonal cohorts/cryptic species 
occur throughout Caribbean

ÅPredicting spawning of this species ςpeak spawning do not always occur on the same months 
between years ςcheck lunar cycle) 

Month Date of 
FM

Dominican 
Republic

(+10, +11)

The Bahamas Mexican 
Caribbean
(+10, +11)

Curaçao/Bonaire
(+11,+12)

May 7th 16, 17, 18,19 17, 18, 19, 20 17,18,19,20

June 5th 14, 15, 16,17 15, 16, 17, 18 15,16,17,18

July
(Maximal brightness: 00:44 AM)

5th 13, 14, 15,16 14, 15, 16, 17 13, 14, 15,16, 
(17)

14,15,16,17

August 3rd 12, 13, 14,15 13, 14, 15, 16 12, 13, 14,15 13,14,15,16

September 
(Maximal brightness: 01:22 AM)

2nd 10, 11, 12,13, 11, 12, 13, 14 10, 11, 12,13, 
(14)

11,12,13,14

October 1st 10, 11, 12,13 11, 12, 13, 14 10, 11, 12,13 11,12,13,14

November (Oct) 31st 9, 10, 11,12 9, 10, 11,12 10,11,12,13

2020 spawning prediction calendars for Diploria labyrinthiformis



ÅMaterials available on the CRC LP Webpage 

Åhttp://crc.reefresilience.org/working-groups/larval-propagation/

ÅSpawningMonitoringGuidelines(PDF)

ÅCoral_spawning_data_TEMPLATE(Excel sheets)

Adapted from the webinar Caribbean Coral Spawning for Research and 
Restoration

Kristen Marhaver, Valérie Chamberland and Nicole Fogarty
!ǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ /w/Ωǎ ǿŜōǎƛǘŜ ŀǘΥ ƘǘǘǇΥκκŎǊŎΦǊŜŜŦǊŜǎƛƭƛŜƴŎŜΦƻǊƎκǿƻǊƪƛƴƎ-

groups/larval-propagation/

Guidelines for monitoring and collecting coral spawning data

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

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


ÅNicole Fogartýs Coral Spawning Research Facebook Group

ÅEmail spreadsheets to v.chamberland@secore.org

Guidelines for monitoring and collecting coral spawning data

about:blank


Coral Spawning Database
Marine Informatics Unit (UNINMAR)

Universidad Nacional Autónoma de México
banaszak@cmarl.unam.mx

ÅPublicAccess
ÅTriple backup
ÅDetermine schedulebasedon

frequencyof use
ÅDedicateddatabasemanager 

experiencedin marine databases
ÅBilingual
ÅDropdownmenusbasedon Excel 

datasheets



Larval propagation of Diploria labyrinthiformis for research and 

restoration ïDos and Donôts

Presented by

Dr. Valérie Chamberland

Matthew-James Bennett - Tania Doblado Speck 

Kelly Latijnhouwers ïRobbert-Jan Geertsma

Dr. Kristen Marhaver - Skylar Snowden

Dr. Mark Vermeij

Valérie Chamberland

Paul Selvaggio



Why work with Diploria labyrinthiformis?

Valérie Chamberland

Å Increased opportunities for spawning research and 
restoration throughout the year

Å Relatively easy gamete collection 
- common species on many reefs
- easyspeciesidentification
- day time spawning

Å 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 Muller



What you will learn during this presentation

ÅGamete collection
Å Fertilization & Embryogenesis 
Å Culture maintenance
Å Larval settlement and post-settlement 

development

Consult the 2017 Webinar
Caribbean Coral Spawning Research and Restoration

for very detailed instructions on coral spawning techniques

Benjamin Mueller

Ramon Villaverde

Ramon Villaverde

Valérie Chamberland

Valérie ChamberlandValérie Chamberland

Sandra Mendoza

Paul Selvaggio

crc.reefresilience.org

http://crc.reefresilience.org/


Gamete collection ςKnow your colonies 

Zach Ransom

Å Stay alert to butterfly fish activity ςōǳǘ ŘƻƴΩǘ ǊŜƭȅ ƻƴ ƛǘΗ

Å Remember that a colony may spawn in up to 3 pulses

Å If possible, track the same population over time ςyou 
might be able to detangle spring vs autumn spawners

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

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



Gamete characteristics ςbig bundles/small eggs 
Å Sperm egg bundles are big (~2400 µm Ø) ςalmost twice the size of Acropora palmatabundles
Å Eggs are relatively small (~400 µm Ø) ςalmost half the size of A. palmataeggs
Å Each bundle contains many eggs (average of 90 +/- 45 SD, n = 34) ς10 times that of A. palmata
Å Sperm-egg bundles break-ǳǇ Җ сл Ƴƛƴ ŀŦǘŜǊ ǎǇŀǿƴƛƴƎ ςtypically during the dive
Å Egg pigmentation is extremely variable ςnot to be mistaken with a bad collection
Å Eggs contain GFP ςthey fluoresce upon release
Å9ƎƎǎ Ŏŀƴ ōŜ ǾŜǊȅ ΨǎǘƛŎƪȅΩ

Ramon VillaverdeValérie Chamberland Valérie Chamberland

~ 200,000 eggs!



Fertilization ςoptimized protocols 

Å For how long after spawning can fertilization still occur?
ÅWhat is the optimal spermconcentration for fertilization?
ÅWhat is the optimal contact time between male and female 

gametes to allowfertilization?

Zach Ransom

Tania DobladoSpeck

Matthew-James Bennett



Fertilization ςoptimized (and convenient!) protocols 

1. Mixing gametes

Breakdown of fertilization when
gametes are between >3- and 5-hr-old

1. Mixing gametes

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.

Paul Selvaggio

Matthew-James Bennett & Tania DobladoSpeck (unpublisheddata)
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Fertilization ςoptimized (and convenient!) protocols 

2. Adjusting sperm concentration

A concentration of 106 corresponds to a ΨǿŜŜƪ ƭŜƳƻƴŀŘŜΩ ǘƛƴǘΦ !ǾƻƛŘ ŘƛƭǳǘƛƴƎ ƳƻǊŜ ǘƘŀƴ ǘƘŀǘΦ 
At concentrations above 108 polyspermy might occur. Dilute if water column is very murky. 

Breakdown of fertilization at a sperm 
concentration somewhere between  

<106 and 104 sperm per mL

Paul Selvaggio

Matthew-James Bennett & Tania DobladoSpeck (unpublisheddata)
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Fertilization ςoptimized (and convenient!) protocols 

3. Allowing fertilization

To be conservative, it is recommended to allow fertilization for 30-45 min 
(to account for lower sperm concentrations and/or compatibility issues between pairs of parents).

Fertilization success of 100% after 
gametes were in contact for very 
short periods of time (<30 min).

Paul Selvaggio

Matthew-James Bennett & Tania DobladoSpeck (unpublisheddata)

Conducted at 106 sperm mL-1

Fertilization initiated upon arrival at the lab

1st cell 
divisions



Embryogenesis ςwhat to expect and what to do

Eggs are fertilized but 
have not initiated cell 

divisions and are 
therefore less fragile

AF = After Fertilization

10h00 AF

a

Embryos very 
sensitive to 
breakage

Rinse eggs
(fat separator)

b c d

1h20 AF 1h50 AF 2h30 AF 5h00 AF 6h00 AF

e f ga

30-45 min AF

Chamberland et al. 2016

Fertilized eggs first cell divisions gastrulamorula spheroidal embryo

Polyembryony 
resulting in clonal 

embryos of smaller 
sizes

Even more sensitive 
ǘƻ ōǊŜŀƪŀƎŜΧ



Embryogenesis ςwhat to expect and what to do

Assess fertilization rate

Polyembryony 
resulting in clonal 

embryos of smaller 
sizes

Eggs are fertilized but 
have not initiated cell 

divisions and are 
therefore less fragile

AF = After Fertilization

1000 AF

a

Embryos very 
sensitive to 
breakage

Even more sensitive 
ǘƻ ōǊŜŀƪŀƎŜΧ

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

b c d

1h20 AF 1h50 AF 2h30 AF 5h00 AF 6h00 AF

e f ga

30-45 min AF

Chamberland et al. 2016

Fertilized eggs first cell divisions gastrulamorula spheroidal embryo



Embryogenesis ςwhat to expect and what to do

Assess fertilization rate

Polyembryony 
resulting in clonal 

embryos of smaller 
sizes

Gastrulationis completed. 
Embryos are still buoyant 

and are less fragile 

Eggs are fertilized but 
have not initiated cell 

divisions and are 
therefore less fragile

AF = After Fertilization

10h00 AF

a

Embryos very 
sensitive to 
breakage

Even more sensitive 
ǘƻ ōǊŜŀƪŀƎŜΧ

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

Best timing for a 
complete water 

change
(fat separator)

b c d

1h20 AF 1h50 AF 2h30 AF 5h00 AF 6h00 AF

e f g

Larvae will be motile 3-5 hrs later and 
more time consuming to water change 

(pipette or sieve)

Unfertilized eggs will have 
decayed and will be discarded 

through the water change

a

30-45 min AF

The next morning!

Chamberland et al. 2016

Fertilized eggs first cell divisions gastrulamorula spheroidal embryo



Larval settlement ςhave your settlement substrates ready
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20 hrs AF:
Most larvae have fully developed and are 
swimming in the water column

3 days AF: 

2 days AF:
Larvae have descended to the bottom and are 
either crawling or laying

3-4 days AF: 

10 days AF: 

Larvae have initiating settlement and 
metamorphosis

Highest settlement rates occur during this 
period

~80% of live larvae have settled and completed 
metamorphosis

Matthew-James Bennett, Tania DobladoSpeck, Robbert-Jan Geertsma(unpublisheddata)

Ensure conditioned substrates are readily available for settlement
Adding a gentle water flow optimizes settlement rates
Most larvae will settle in cryptic habitats (undersides of surfaces)



Post-settlement development ςhealthy settlers
Processes driving early post-settlement growth and survival are understudied and constitute the 
ŦƻŎǳǎ ƻŦ ǘƘŜ /w/Ωǎ [ŀǊǾŀƭ tǊƻǇŀƎŀǘƛƻƴ ²ƻǊƪƛƴƎ DǊƻǳǇ

What we know about Diploria labyrinthiformis:

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

Chamberland et al. (2016)

Valérie Chamberland

Diploria labyrinthiformis
10-month-old

Acropora palmata
1-month-old



Post-settlement development ςhealthy settlers
Processes driving early post-settlement growth and survival are understudied and constitute the 
ŦƻŎǳǎ ƻŦ ǘƘŜ /w/Ωǎ [ŀǊǾŀƭ tǊƻǇŀƎŀǘƛƻƴ ²ƻǊƪƛƴƎ DǊƻǳǇ

What we know about Diploria labyrinthiformis:

Absence of symbionts Low symbiont density High symbiont density(a) (b) (c)

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

Chamberland et al. (2016)
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What we know about Diploria labyrinthiformis:

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

Robbert-Jan Geertsma



The next steps
Optimizing rearing of Diploria labyrinthiformis settlers

Amino acid and nutrient-enriched diets

Gene banking via cryopreservation

CORALIUM & SECORE in Mexico

Paul Selvaggio

EcoDevoLab

Symbiont provisioning

Paul Selvaggio

Artemia feeding

Jill Bohdal

SECORE & CARMABI on Curaçao

Kelly Latijnhouwers
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