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Background and Justification
Acropora spp. in the Caribbean have undergone major population declines in the past three decades.  In the US Virgin Islands (USVI), the mortality has been a result of mainly white band disease and hurricane damage (Rogers & Beets 2001).  The ecological importance of Acropora palmata is quite substantial because this coral species creates an unique habitat in the shallow reef environment (the “palmata zone,” sensu Goreau (1959)).  Acropora cervicornis is also unique in creating “thickets” in the back reef area, providing habitat for smaller fishes.  The extinction of the Acroporids, particularly A. palmata, could have major repercussions to other species that evolved to live in the palmata zone.  To understand the decline and possible recovery of this genus in the Caribbean region, it is necessary to investigate what factors drive the population dynamics of the two species.  Studies are here proposed to examine this in Virgin Islands National Park (VINP), St. John, USVI.
A. palmata and A. cervicornis may be more successful at propagating via asexual fragmentation rather than sexual gamete production (Bak & Engel 1979).  In support of this, Acropora spp. recruits are rarely found on experimental settlement tiles placed in the field to measure coral recruitment in the Caribbean (Rogers et al. 1984, Tomascik 1991, Tougas & Porter 2002), even when adult Acropora spp. colonies are abundant in the area.  In light of the population declines in Acropora spp., it is important to find out why so few sexual recruits are observed in the field.  Keough and Downes (1982) identify four “stages” of colonization of habitat by marine invertebrates: development in the plankton, testing of habitat for suitability, settlement (metamorphosis), and recruitment.  The difference between settlement and recruitment is that measurements of recruitment include the effects of early mortality caused by physical factors, predation, and competition.  Because so few recruits are observed in the field, it will be useful to have quantitative estimations of settlement, recruitment, and early post-settlement survival rates for the Acroporids.  Most work conducted so far on juvenile survivorship and growth concentrates on later-stage juveniles because smaller colonies are so difficult to count in the field (Edmunds 2000, Miller et al. 2000).  Studies measuring post-settlement survivorship and growth of early juveniles are rare (Harriott 1983, Babcock & Mundy 1996, Mundy & Babcock 2000), and there are no measurements so far for Caribbean Acroporids.  Identifying the stage in the colonization process that results in the highest mortality rates could provide direction for management efforts by pinpointing critical stages that could hypothetically be bypassed by captive rearing of the species.

Research Objectives

The objective of this study is to investigate what step of the sexual reproduction process is the “bottleneck” resulting in low numbers of sexual recruits observed on shallow reefs in the Caribbean.  Activities planned to achieve this objective include:

1) Investigate the timing and extent of sexual reproductive output during the summer spawning season for A. palmata and A. cervicornis in the VINP

2) Rear coral larvae from gametes to identify conditions for successful fertilization

3) If viable larvae are successfully obtained from rearing experiments, settle larvae onto biologically conditioned tiles to estimate settlement rates in ideal conditions

4) Deploy inoculated settlement plates in the field to estimate site-specific post-settlement mortality and growth rates in the VINP

5) Place empty recruitment tiles at the same sites as #4 to estimate natural recruitment rates

Methods

Coral larvae

Colonies will be monitored during the projected spawning periods in August and September 2003 and 2004.  In 2003, colonies are predicted to spawn from August 15 – 17 and September 13 –15 approximately two hours after sunset (A. Szmant, coral list announcement).  During year one, only Acropora palmata will be investigated.  Gametes will be collected in situ without harming the corals in any way, using the “panty hose” method (D. Gleason, personal communication) for small colonies.  A PVC ring or “hula hoop” is placed at the top of the hose leg and a buoyant plastic collector bottle at the toe, allowing for the positively buoyant egg bundles to collect within; hoop rings completely surround the small colony, holding the mesh away from the coral branches.  For large colonies, gametes will be scooped with plankton mesh hand nets from the surface slick.  Only a small amount of spawn is needed from about 5 to 10 colonies. 

In order to rear coral larvae from gametes, it is ideal to have access to running seawater tables.  Thus, the Virgin Islands Environmental Research Station (VIERS) is the proposed site of the larval rearing portion of the study.  If the special no marine collection status of Lameshur Bay applies to Yawzi point, an alternate site will be arranged.  Once gametes have been gathered, batches of 50 to 100 egg-sperm bundles taken from different colonies to insure out-crossing will be cultured in 1 L plastic water bottles.  When at least 50% of the embryos have reached the 8-cell stage, the culture will be passed through a 100 uM mesh sieve, and the embryos re-suspended in a larger volume container.  Water exchanges of the cultures will be conducted as needed (usually once per day), using a siphon and a mesh sieve.  Larvae should reach maturity after about two days.

Measurement of post-settlement mortality

Many species of coral require crustose coralline algae (CCA) to undergo metamorphosis (Morse et al. 1988, Heyward & Negri 1999).  Two months prior to the spawning event, terracotta tiles will be placed on the reef in racks to be biologically conditioned and colonized by CCA.  When larvae are mature, the conditioned tiles will be placed in the containers with the larvae for them to settle upon.  Following adequate settlement, the tiles will be deployed in the field (Fig. 1) at several sites of interest within the VINP in the depth zone traditionally populated by Acropora spp (1 to 3 m).  The settlement plates were specifically designed to be independent measures of coral recruitment (i.e. plates are not grouped together on a PVC tree) as it has been shown that replicate plates on the same rack may be auto-correlated (Mundy 2000), and no metal is used anywhere in the apparatus to avoid problems with corrosion causing localized increases in trace metals (particularly Fe).  Tiles will be monitored at least bimonthly to count surviving recruits.  Monitoring will included un-bolting the tiles from the field, transporting them in aerated seawater tubs, and examining them under a dissecting scope to count, photograph and measure surviving recruits.  Within 24 h, analysis will be completed and all tiles replaced in the field to their original locations.

Measurement of background levels of recruitment

During the study, coral recruitment tiles will be placed (Fig. 1) at the same sites to measure background levels of coral recruitment.  This will allow the subtraction of natural recruitment rates from post-settlement mortality estimates.

Relation to other investigations

This work will be completed in cooperation with the on-going Acropora work of Caroline Rogers (USGS – Caribbean Field Station) and Rikki Dunsmore (USGS / University of Florida).  Also, placement of recruitment tiles will compliment the work of Bob Steneck (University of Maine), who presently has tiles out in the field.
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Fig. 1 Recruitment tile apparatus as deployed in the field.
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