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Devastation of 15-year old Community-based Coral
Farming and Reef-restoration Sites in Puerto Rico by Major
Hurricanes Irma and Maria

Carlos Toledo-Hernandez'", Claudia P. Ruiz-Diaz',
Edwin A. Hernandez-Delgado', and Samuel E. Suleiman-Ramos'

Abstract - Category-5 hurricanes Irma and Maria impacted the northeastern Caribbean in
September 2017, with waves in excess of 10 m. Herein, we provide the first assessment of
hurricane damage to community-based coral farming and reef restoration at several loca-
tions from Culebra Island, Puerto Rico. Hurricanes destroyed 75 coral farms, killing 11,074
Acropora cervicornis (Staghorn Coral) fragments. Likewise, over 9000 recently out-planted
colonies as well as most of the coral species adjacent to the outplants perished when they
were buried by sand and rubble or were dislodged as a result of hurricane-generated waves.
Liagora spp. (marine red algae) and other red algae rapidly colonized coral rubble and open-
reef substrates, threatening surviving corals of multiple species at least for several weeks
after hurricane impacts.

Culebra, an island-municipality located 28 km off the east coast of Puerto Rico,
supports extensive coral reef ecosystems and is the center of one of most prominent
community-based coral-reef-restoration projects in the Caribbean, the Commu-
nity-Based Coral Aquaculture and Reef Rehabilitation Program, led by Sociedad
Ambiente Marino (SAM) (Fig. 1). Since 2003, the clear and relatively oligotrophic
waters of Punta Soldado (PSO), Bahia Tamarindo (BTA), and Punta Tamarindo
Chico (PTC) have harbored over 200 coral farms of different designs that support
180 fish species and invertebrate aggregators (Fig. 2A, B). Taken together, the
farms have nursed and harvested over 60,000 coral fragments of multiple reef-
building coral species, primarily Acropora cervicornis (Lamark) (Staghorn Coral)
and to a lesser extent 4. palmata (Lamark) (Elkhorn Coral). These farms have also
produced minor numbers of fragments of Orbicella species-complex (star corals),
Dendrogyra cylindrus Ehrenberg (Pillar Coral), and Porites astreoides Lamark
(Mustard Hill Coral), among others. With the exception of the latter, the remaining
species are listed as endangered under the International Union for the Conservation
of Nature Red List (IUCN 2017). Through this project, 79,667 m* of reef across
western shores of Culebra Island have been successfully restored (Fig. 1).

Culebra was recently impacted by 2 Category-5 hurricanes: Irma (6 September
2017), with sustained winds of 296 km h™' passing 20 km north of Culebra, and
Maria (20 September 2017), with sustained winds of 280 km h™', passing 32 km
south of Culebra, and directly impacting Puerto Rico. Both hurricanes generated
confirmed waves of 9—-11 m, with higher swells. The strongest wave action from

'Sociedad Ambiente Marino, PO Box 22158, San Juan, PR 00931-2158, USA. “Correspond-
ing author - cgth0918@gmail.com.
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Hurricane Irma occurred from the west and southwest of Culebra. The strongest
waves from Maria came first from the southeast, then from the south and south-
west of Culebra. Together, these hurricanes impacted the normally protected lee-
ward reef sites of Culebra. Assessments conducted between both hurricanes, and
then 3 weeks after the impact of Hurricane Maria revealed major damage to Stag-
horn Coral farming structures across nearly 8 ha of restored coral reefs throughout
planted coral colonies, and to wild populations across natural reefs. Before hur-
ricane impacts, PSO, BTA, and PTC supported 75 farms at different depths (i.e.,
5-12 m), harboring a total of 11,300 Staghorn Coral fragments (Fig. 1). None of
the farms survived, and 98% of the fragments perished because they were buried
by sand (Fig. 2C, D). Surviving fragments were mainly located in farms installed
at greater depths and showed neither bleaching nor disease signs. Of the nearly
9000 Staghorn Coral fragments out-planted over the last 2-3 y at depths ranging
from 1 m to 5Sm (Fig. 3A, B), ~1% survived the hurricane impacts. Most of these
fragments were either buried in 10-15 cm of sand (Fig. 3C, D), while others were
fragmented or dislodged by extreme wave action. Likewise, nearly 4 out of every
5 small to relatively large, naturally occurring coral colonies of different species
(including Staghorn Coral) were either buried in sand due to significant sediment
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Figure 1. Map of the southwestern coast of Culebra Island indicating the out-planting and
coral-farm sites, in addition to the coral cover prior to hurricanes Irma and Maria impacts.
Out-planting sites and coral farms are indicated by the red lines at Bahia Tamarindo (BTA),
Punta Tamarindo Chico (PTC), and Punta Soldado (PSO). Map modified from Kéagesten et
al. (2015).
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Figure 3. Images showing out-planted Staghorn Coral colonies (A an B) before and (C and D)
after hurricanes impacts. B-D are of the same 15-m*Staghorn Coral thicket .
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bedload or overturned (Fig. 4). Overall, several hectares of natural reef bottom
were completely buried and suffocated under extensive coral-rubble fields gener-
ated during the hurricanes. This situation has created a major long-term threat to
adjacent naturally occurring colonies because future hurricanes may move rubble

Figure 4. Images illustrating the general damage to the reef. (A) An Orbicella spp. coral
colony overturned at the background of the image, (B) an Orbicella franksi (Gregory)
(Boulder Star Coral) colony dislodged and overturned, and (C) the colony rotated to its
original growing position. Notice the recently dead area which faced the sandy bottom while
overturned. (D) A Diploria labyrinthiformis (L.) (Grooved Brain Coral) colony almost com-
pletely buried under shifted sand.

Figure 5. Images showing invasion of Liagora spp. (A) Liagora spp. overgrowing Staghorn
Coral rubble and (B) on a juvenile Pillar Coral colony.
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fields into deeper reef-habitats, thus affecting remnant Staghorn Coral stands. It
is important to note that past hurricane impacts to coral farms in Culebra Island
caused minimal mechanical destruction, and most of the observed coral mortal-
ity was attributed to extreme rainfall (Hernandez-Delgado et al. 2014). Therefore,
observed physical destruction of rehabilitated reef bottoms and shallow wild-
coral populations is unprecedented.

Both out-planted and naturally occurring colonies that survived the hurricane
impacts were further threatened by an extensive algal bloom dominated by red
algae, primarily from the genus Liagora (Fig. 5). Blooming algae resulted from
the combined impact of sediment-laden, nutrient-loaded runoff during the hur-
ricane, and from localized upwelling and sediment resuspension associated with
bottom disturbance caused by hurricane waves. It resulted in significant smother-
ing of remnant coral living tissues, and in localized partial colony-bleaching and
partial mortality, particularly in small-sized colonies of multiple species. Previous
studies have also reported horizontal sediment transport across the seafloor (bed-
load) and substrate failure due to hurricane-generated waves as main causes of
coral mortality (Yoshioka and Yoshioka 1987, 1989; Lugo-Fernandez et al. 1994).
Likewise, algal blooms have been highlighted as a major cause of coral mortality
and recruitment failure after major environmental perturbations such as typhoons
(Doropoulos et al 2008).

Given the extensive damage by Hurricanes Irma and Maria, concomitant with
the projected increase in hurricane frequency and/or severity with predicted cli-
mate-change effects (Hoegh-Guldberg and Bruno 2010), the natural ability of reefs
to recover may become much slower, which may result in a permanent phase shift
towards novel states dominated by non-reef-building taxa. Consequently, coral
farming and reef-restoration efforts are critical tools to accelerate the recovery.
Improved structural designs such as coral nursery farms and the implementation
of demographic studies of nursed fragments (i.e., growth and ramifying rates of
nursed fragments) can enhance reef-rehabilitation and help to reduce the impacts
of hurricanes (Hernandez-Delgado et al. 2018a, b). Likewise, there is an impera-
tive need to increase the spatial scale of reef-restoration efforts to expand restored
populations to buffer future hurricane impacts.

Acknowledgments

We thank Pedro and Nicolas Gomez, Juan Sanchez, Pedro Carmona, and Frances Garcia
for their fieldwork assistance. We also extend our gratitude to Fundacion Toyota, Ford Mo-
tor Company Foundation of Puerto Rico, the University of Puerto Rico Sea Grant College
Program (NOAA Grant number NA140OAR4170068, Project R-102-1-14), and the National
Fish and Wildlife Foundation (NFWF Grant number 0302.15.048715, Project 48715) for
their economic support.

Literature Cited

Doropoulos, C., G. Roff, M._Zupan, V. Nestor, A.L._Isechal, and P.J. Mumby. 2014. Reef-
scale failure of coral settlement following typhoon disturbance and macroalgal bloom in
Palau, Western Pacific. Coral Reefs 33(3):613-623. DOI:10.1007/s00338-014-1149-y.

5



2018 Caribbean Naturalist No. 53
C. Toledo-Hernandez, C.P. Ruiz-Diaz, E.A. Hernandez-Delgado, and S.E. Suleiman-Ramos

Hernandez-Delgado, E.A., A.E. Mercado-Molina, P.J. Alejandro-Camis, F. Candelas-San-
chez, J.S. Fonseca-Miranda, C.M. Gonzalez-Ramos, R. Guzman-Rodriguez, P. Mége,
A.A. Montafiez-Acufia, I. Olivo-Maldonado, A. Otafio-Cruz, and S.E. Suleiman-Ramos.
2014. Community-based coral-reef rehabilitation in a changing climate: Lessons learned
from hurricanes, extreme rainfall, and changing land-use impacts. Open Journal of Ecol-
ogy 4(14):918-944.

Hernandez-Delgado, E.A., A.E. Mercado-Molina, and S.E. Suleiman-Ramos. 2018a.
Multi-disciplinary lessons learned from low-tech coral farming and reef-rehabilitation
practices. 1. Best management practices. Pp. 213-243, In C. Duque-Beltran, and E.
Tello-Camacho (Eds.). Corals in a Changing World. InTech Publishing. Available online
at http://dx.doi.org/10.5772/intechopen.73151. Accessed March 2018.

Hernandez-Delgado, E.A., A.E. Mercado-Molina, S.E. Suleiman-Ramos, and M.A. Luck-
ing. 2018b. Multi-disciplinary lessons learned from low-tech coral farming and reef-re-
habilitation practices. II. Coral demography and social-ecological benefits. Pp. 245268,
In C. Duque-Beltran, C. and E. Tello-Camacho (Eds.). Corals in a Changing World.
InTech Publishing. Available online at http://dx.doi.org/10.5772/intechopen.74283. Ac-
cessed March 2018.

Hoegh-Guldberg, O., and J.F. Bruno. 2010. The impact of climate change on the world’s
marine ecosystems. Science 328:1523—1528.

International Union for the Conservation of Nature (IUCN). 2017. The IUCN Red List of
Threatened Species. Version 2017-3.1. Available online at http://www.iucnredlist.org.
Accessed May 2017.

Kagesten, G, W. Soutter, K. Edwards, B. Costa, L. Kracker, and T. Batista. 2015. Shallow-
Water Benthic Habitats of Northeast Puerto Rico and Culebra Island. NOAA Technical
Memorandum NOS NCCOS 200. DOI:10.7289/V5Z899FH.

Lugo-Fernandez, A., M.L. Hernandez-Avila, and H.H. Roberts. 1994. Wave-energy
distribution and hurricane effects on Margarita Reef, southwestern Puerto Rico. Coral
Reefs 13:21-32.

Yoshioka P.M., and B.B. Yoshioka. 1987. Variable effects of Hurricane David on the
shallow-water gorgonians of Puerto Rico. Bulletin of Marine Science 40:132—144.
Yoshioka P.M., and B.B. Yoshioka. 1989. Effects of wave energy, topographic relief, and
sediment transport on the distribution of shallow-water gorgonians of Puerto Rico. Coral

Reefs 8:145-152


https://www.researchgate.net/publication/327079943

