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Abstract

The vast majority of coral reef fishes go through a pelagic larval stage, which provides
potential for long-distance dispersal by marine currents. Yet planktonic larvae are notoriously
difficult to track owing to their small size, and as a consequence the spatial scale of dispersal
in coral reef fishes is largely unknown. Robust estimates of dispersal are needed owing to the
fundamental importance of this parameter for the design and management of networks of
marine protected areas. If larvae disperse locally, geographically nearer individuals are
anticipated to be more similar genetically. A pattern of increasing genetic differentiation with
geographic distance, referred to as genetic 'isolation by distance’', is expected in this case and
provides an opportunity to estimate dispersal. A specific aspect of this approach is that it
requires the continuous sampling of individuals along a continuous population. The 250 km
long Belize Barrier Reef provides an unparalleled opportunity to sample continuously along
continuous populations of coral reef fishes. Individuals were collected continuously along a
250-km transect following the Belize Barrier Reef to estimate larval dispersal in seven species
of coral reef fish with different life histories.
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Introduction

Caribbean coral reefs are declining on a regional scale (Gardner et al., 2003), and associated coral
reef fishes are following this trend (Paddack et al., 2009). This ongoing decline calls for the
protection of coral reefs and associated fishes, and networks of marine protected areas (MPAs) have
emerged as a key conservation and management tool. But how large should be a MPA to be self-
sustainable? How far away should different MPAs be located in order to stay demographically
connected? To what extent do MPAs contribute to replenish neighboring, non-protected areas? The
answers to these questions depend on the spatial scale of dispersal of the organisms living within the
MPAs.

In coral reef fishes, the greatest potential for dispersal is provided by the larvae, which can drift in
marine currents for days, weeks or months depending on the species. Yet planktonic larvae are
notoriously difficult to track owing to their small size, and as a consequence larval movement has
been unanimously recognized as a major 'science gap' for the conservation and management of coral
reefs (Sale et al., 2005; Cowen et al., 2007; Botsford et al., 2009).

Population genetics provide an appropriate framework to address questions of larval movement.
Rousset (2000) showed how the decrease in genetic relatedness between individuals with increasing
geographic distance (genetic 'isolation by distance') can be used to estimate dispersal if population
density is known. This approach has provided dispersal estimates that are consistent with mark-

77


https://core.ac.uk/display/33670556?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:oscar.puebla@mail.mcgill.ca
mailto:ochoae@si.edu

recapture estimates of dispersal within a factor of two in reptiles, mammals and insects (Rousset,
2000; Sumner et al., 2001; Broquet et al., 2006; Watts et al., 2007), challenging the notion that
genetic and demographic estimates of dispersal are inconsistent. A very specific aspect of this
approach is that requires the continuous sampling of individuals along a continuous population.

Methods

A total of 100 regularly spaced sampling sites were considered along a 250 km transect following the
Belize Barrier Reef. The indigo hamlet (Hypoplectrus indigo), black hamlet (H. nigricans), barred
hamlet (H. puella), bicolor damselfish (Stegastes partitus), bluehead wrasse (Thalassoma
bifasciatum), foureye butterflyfish (Chaetodon capistratus) and French grunt (Haemulon
flavolineatum) were selected as target species because they comprise planktonic larval durations
ranging from a few to >45 days typical of most coral reef fishes, because ten or more hypervariable
(microsatellite) DNA markers have been developed for all of them, and because they are relatively
small and abundant in Belize, facilitating population monitoring and sampling. The objective was to
collect one individual of each target species at each sampling site, and perform a 400 m” scuba survey
every other sampling site to estimate population densities of all target species.

Fieldwork was undertaken between June 26™ and July 16™ 2010 from the S/V Legacy, a 64' 10"
liveaboard, crewed custom catamaran specially accommodated for scientists with a 8.5 cfm Bauer
compressor and a covered working area. All the fieldwork was realized by a team of five scuba divers
including the four authors and Myriam Morneau.

Results

Owing to the early first tropical storm of the season (Alex), we were not able to work at the first 14
sites of the transect. Fieldwork was therefore realized at 86 sites along 210 km of reef, from
Ambergris Cay (17° 51.88' N, 87° 58.20' W) to the Sapodilla Cays (16°4.75' N, 88° 17.00' W). A total
of 508 samples were collected, including 52 barred hamlets, 55 indigo hamlets, 66 black hamlets, 82
bluehead wrasses, 85 bicolor damselfish, 83 foureye butterflyfishes and 85 French grunts. Forty-three
transects covering a total of 17,200 m® of reef were performed. All in all, fieldwork involved more
than 300 scuba dives by the five participants. Genetic analyses of all samples have been performed at
the Smithsonian Tropical Research Institute in Panama. Preliminary results suggest restricted
dispersal (30 km or less) in some, but not all species considered.

Acknowledgments

The Marine Science Network, National Geographic Society, and Smithsonian Institution provided
funding for this study. We acknowledge the governments of Belize and Panama for support our
research.

References

Botsford LW, White JW, Coffroth MA, Paris CB, Planes S, Shearer TL, Thorrold SR, Jones GP. Connectivity
and resilience of coral reef metapopulations in marine protected areas: matching empirical efforts to predictive
needs. Coral Reefs. 2009; 28: 327-37.

78



Broquet T, Johnson CA, Petit E, Thompson I, Burel F, Fryxell M. Dispersal and genetic structure in the
American marten, Martes Americana. Mol Ecol. 2006; 15: 1689-97.

Cowen RK, Gawarkiewicz G, Pineda J, Thorrold SR, Werner FE. Population connectivity in marine systems: an
overview. Oceanog. 2007; 20: 14-21.

Gardner TA, Coté IM, Gill JA, Grant A, Watkinson AR. Long-term region-wide declines in Caribbean corals.
Sci. 2003; 301: 958-60.

Paddack MJ, Reynold JD, Aguilar C, Appeldoorn RS, Beets J, Burkett EW, Chittaro PM, Clarke K, Esteves R,
Fonseca AC, Forrester GE, Friedlander AM, Garcia-Sais J, Gonzalez-Sanson G, Jordan LKB, McClellan DB,
Miller MW, Molloy PP, Mumby PJ, Nagelkerken I, Nemeth M, Navas-Camacho R, Pitt J, Polunin NVC,
Reyes-Nivia MC, Robertson DR, Rodriguez-Ramirez A, Salas E, Smith SR, Spieler RE, Steele MA, Williams
ID, Wormald CL, Watkinson AR, C6té IM. Recent region-wide declines in Caribbean reef fish abundance.
Current Biol. 2009; 19: 590-5.

Rousset F. Genetic differentiation between individuals. J Evol Biol. 2000; 13: 58-62.

Sale PF, Cowen RK, Danilowicz BS, Jones GP, Kritzer JP, Lindeman KC, Planes S, Polunin NVC, Russ GR,
Sadovy YJ, Steneck RS. Critical science gaps impede use of no-take fishery reserves. Trends Ecol Evol. 2005;
20: 74-80.

Sumner J, Rousset F, Estoup A, Moritz C. '"Neighbourhood' size, dispersal and density estimates in the prickly
forest skink (Gnypetoscincus queenslandiae) using individual genetic and demographic methods. Mol Ecol.
2001; 10: 1917-27.

Watts PC, Rousset F, Saccheri 1J, Leblois R, Kemp SJ, Thompson DJ. Compatible genetic and ecological

estimates of dispersal rates in insect (Coenagrion mercuriale: Odonata: Zygoptera) populations: analysis of
'neighbourhood size' using a more precise estimator. Mol Ecol. 2007; 16: 737-51.

79



