
Coral restoration using sexual recruits: state of 
knowledge, best practices, current techniques

Anastazia Banaszak
Rita Sellares

Elvira Alvarado



A

Steps for Coral Assisted Sexual ReproductionB

Current techniques for coral larval propagationC

Coral restoration using sexual recruits: state of 

knowledge, best practices, current techniques

Reproductive biology and ecological status

Anastazia Banaszak
Rita Sellares

Elvira Alvarado



1

Acropora spp.2

4

Orbicella spp.3

Diploria labyrinthiformis

5

A.-Reproductive biology and 
ecological status

Coral reproduction

Dendrogyra cylindrus





1 Coral Reproduction



1 Coral Reproduction 

Coral life cycle – alternating benthic and planktonic phases

Brooders: Internal fertilization and embryogenesis 1.1



Spawners: External fertilization and embryogenesis 1.2

Hermaphroditic: eggs and 

sperm spawned together

Gonochoric: separate sexes



Acropora spp.- Ecological status2

• Shallow (1-5m) reef crests (Apal, Acer)

• Deeper colonies (15m Acer)

• Fewer colonies, more dispersed 

• Very popular genus for restoration by 

fragmentation

• Seriously affected by unidentified disease in 

the 1970s

• Also affected by White Pox

• Voracious predator is Hermodice, Also 

Drupella and flatworms

• Affected by bleaching event of 2023 and will 

probably repeat in 2024



Acropora spp.- Reproductive Biology2

• Broadcast spawner

• Hermaphroditic sexual system

• Timing for gamete collection

• late July, August, early September

• Most likely: 3-7 NAFM, 140-190 min after 

sunset

• Spawning window is very wide in some 

areas (e.g. Curaçao, -2 to 14 NAFM)

• Patch-specific spawning windows in 

Mexico

• Consult Coral Breeding Reference Sheet 

for Acropora palmata for more details



Acropora spp.- Breeding under controlled conditions

• Well established for fertilization, embryogenesis, larval 

behaviour, settlement and metamorphosis

• Well established for early-stage and long-term rearing 

under controlled ex-situ and in-situ conditions (CRIBs)

• Consult Coral Breeding Reference Sheet for Acropora 

palmata for more details

• Can use same reference sheet for Acropora cervicornis

• Reproductively viable at 4 years old

• F1 and F2 generation has been bred under controlled 

conditions (see Mendoza-Quiroz et al. 2023)

• Coralium has many recruits of Apal outplanted on 

different reefs (survived last year´s bleaching event)
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3 Orbicella spp.- Ecological status

• Colonies generally deeper than Acropora

• Affected by SCTLD and other diseases

• Fewer colonies, more dispersed 

• Very popular genus for micro-

fragmentation

• Seriously affected by bleaching events, 

especially that of 2023 and will probably 

repeat in 2024



• Broadcast spawner

• Hermaphroditic sexual system

• Timing for gamete collection

• July, August, September, October 

• 6-7 NAFM, 185-250 min after sunset

• Consult Coral Breeding Reference Sheet for Orbicella faveolata for more details

• Can use same reference sheet for O. annularis and probably for O. franksi

3 Orbicella spp.- Eeproductive Biology



Orbicella spp.- Breeding under controlled conditions

• Well established for fertilization, embryogenesis, larval behaviour, settlement and 

metamorphosis, but is a difficult species to breed

• Well established for early-stage and long-term rearing under controlled ex-situ and in-situ 

conditions (CRIBs)

• Consult Coral Breeding Reference Sheet for Orbicella faveolata for more details

• Can use same reference sheet for O. annularis and probably for O. franksi

• Coralium has Ofav colonies that are now 13 years old under controlled, natural light 

conditions and have not yet spawned + many recruits of Ofav and Oann outplanted on 

different reefs (survived last year´s bleaching event)
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3 Orbicella spp.- Experience in culturing Orbicella

• 2011-2024  ex situ culturing of O. faveolata

• 2019-2024  ex situ culturing of O. annularis

13 year old colonies

R. Tecalco

OFAV 1.5 yr old (2019)

OANN 2.5 yr old 

(2020)

OFAV 2.5 yr old 

(2020)

OANN 3.5 yr old 

(2019)



Diploria labyrinthiformis- Ecological status4

• Colonies generally deeper than Acropora, 

similar to Orbicella

• Affected by SCTLD and other diseases

• Fewer colonies, more dispersed 

• Popular genera for micro-fragmentation

• Seriously affected by bleaching events, 

especially that of 2023 and will probably 

repeat in 2024

• Similar issues for other brain corals e.g., 

Pseudodiploria spp., Colpophyllia



• Broadcast spawner

• Hermaphroditic sexual system

• Timing for gamete collection

• April to November (Curaçao) July and August 

(Mexico)

• 9-14 NAFM, -90 to 15 min after sunset (Curaçao)

• 9-11 NAFM, -60 to 14 min after sunset (Mexico)

• Consult Coral Breeding Reference Sheet for 

Diploria labyrinthiformis for more details

• Can probably use same reference sheet for 

Pseudodiploria and Colpophyllia(except for 

spawning times)

Diploria labyrinthiformis - Reproductive Biology4



• Easiest species to breed

• Well established for fertilization, embryogenesis, larval 

behaviour, settlement and metamorphosis

• Well established for early-stage and long-term rearing 

under controlled ex-situ and in-situ conditions (CRIBs)

• Consult Coral Breeding Reference Sheet for Diploria 

labyrinthiformis for more details

• Can probably use same reference sheet for 

Pseudodiploria and Colpophyllia

• Coralium has many recruits of Dlab and Pstr outplanted 

on different reefs (survived last year´s bleaching event)

Diploria labyrinthiformis- Breeding under controlled conditions4



Dendrogyra cylindrus- 

Ecological status

5

• Colonies generally deeper than 

Acropora, similar to Orbicella

• Seriously affected by SCTLD

• Potentially ecologically extinct



• Broadcast spawner

• Gonochoric sexual system

• Gamete collection system distinct to hermaphroditic species

• Timing for gamete collection

• July and August (Dominican Republic)

• 2-5 NAFM, 65 to 130 min after sunset (Dominican Republic)

• No Coral Breeding Reference Sheet available but consult with Rita Sellares (Fundemar)

Dendrogyra cylindrus - Reproductive Biology4



• Well established for fertilization, 

embryogenesis, larval behaviour, settlement 

and metamorphosis

• Well established for early-stage and long-

term rearing under controlled ex-situ and in-

situ conditions (CRIBs)

• Coralium has many recruits outplanted on 

reefs (survived last year’s bleaching event)

• Consult Rita Sellares (Fundemar) for more 

information

Dendrogyra cylindrus Breeding 

under controlled conditions
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Steps for 
Coral 
Assisted 
Sexual 
Reproduction



1

Gamete collection: type of collector, data, logistics2

4

Fertilization and culture3

Settlement

5

B.-Steps for Coral Assisted 
Sexual Reproduction

Spawning calendar

Outplant and monitoring



Day TimeMonth

1 Spawning calendar





Type of collector

2 Gamet collection: type of collector/ data/logistics

2.1

Video 1



Video 2



Video 3 Video 4



2 Gamet collection: type of collector/data/ logistics

Data to collect2.2



2.3

• Permit (DR: Enviornmental minitsry, Navy)

• Plan your team and sites:

⚬ Make sure the team knows the area and the sps

⚬ Premark and prepare the site if necessary

⚬ Divide the site by team

⚬ Divide functions

⚬ Do a diving training before spawning

• Materials: 

⚬ collectors

⚬ fertilization kit (filter sea water, bucket, something to 

mix, pipette, wash bottle)

⚬ GPS

⚬ Water to drink

Logistics

2 Gamet collection: type of collector/data/ logistics

2.3



3 Fertilization and culture



3 Fertilization and culture

Secore International



4 Settlement



4 Settlement

Video 5



5 Outplant and monitoring

Video 6





Video 7





C.-Current techniques for coral larval 
propagation

In Situ, Ex Situ larval rearing facilities



1

Ex situ2

In situ

Larval rearing facilities



1.1 In situ- SECORE´s CRIB



In situ- Colombian CRIB 
(Universidad Tadeo Lozano)

1.2



In situ-Tents for direct seeding / tents for larval rearing1.3

60 

US$



Ex situ -Oceanario, Islas del Rosario, Cartagena

US$120

0



Ex situ- Open temporal lab2.2

Video 8



Ex situ- Closed lab in a Container2.3

Video 9



In situ- building facilities CORALIUM LAB -UNAM2.4
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