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ABSTRACT

This project aims at quantifying the connectivity of coral populations at deep (>25m), mid (15-20m) and shallow (<10m) sites in the Florida Reef Tract. It will use new and established population genetic markers (DNA microsatellites) in four important scleractinian reef coral species with diverse life-history reproductive strategies (Montastraea faveolata, M. cavernosa, Porites astreoides and Agaricia  agaricites) found over a wide depth range in this area, to estimate gene flow and symbiont (zooxanthellae) diversity between different reefs and depths. This proposal thus requests the non-destructive sampling (of small polyp biopsies using a syringe technique) of 20 individuals per species at each of two depths in four reef sites within Biscayne National Park (BNP)- Fowey Rocks, Triumph reef, Ajax reef, and Pacific/Elkhorn reefs. For collections deeper than those within the boundaries of BNP (>18m), appropriate sampling permits will be required from the Florida Keys Marine Sanctuary (FKNMS). Overall, this approach is expected to allow the assessment of the extent to which deep reef sites might serve as sources of local recruitment for nearby shallow sites that are affected by extreme events, such as coral bleaching. This study has potential downstream relevance to a variety of coral reef conservation applications, will contribute to inform a management strategy to help protect Florida’s critical reef resources, and also aid in ecologically effective sizing and placement of Marine Protected Areas (MPAs). 
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OVERVIEW

Climate change is a major threat to the State of Florida’s coral reef resources, particularly in Dade and Monroe Counties (including FKNMS and BNP). Multiple bleaching episodes over the past 15 years, a recent severe bleaching episode in Florida and the U.S. Caribbean (2005), and the projected future impacts of climate change on shallow reefs worldwide (Hughes et al. 2003, Hoegh-Guldberg et al. 2007) pose serious problems for a long-term management strategy. Current thinking (Marshall and Schuttenberg, 2006) emphasizes maximizing ecosystem resilience, the ability of reefs to return to their previous state of diversity and abundance following disturbance, as a critical management goal. For corals, resilience depends on the ability of individual colonies to recover from disturbances such as bleaching, as well as colonize disturbed areas that experience mortality (Nystrom and Folke, 2001). Successful recruitment of corals to impacted areas relies on a reliable supply of coral larvae from a relatively unimpacted area. For these processes to maintain ecosystem function despite temporary loss of coral, they must operate over ecologically significant timescales. High connectivity between impacted and unimpacted areas facilitates the preservation of ecosystem function. However, in an era of climate change, there is considerable doubt as to how much reef-to-reef connectivity will exist if shallow reefs are being impacted over regional scales by episodes of high-temperature bleaching. Since connectivity tends to decrease with distance (the “isolation by distance” theory of island biogeography), recruitment to reefs may be very low if bleaching affects large geographic areas and effectively increases the distance between source and sink.
Scleractinian corals are the key reef-building species of coral reefs and are currently the focus of reef conservation and management strategies worldwide (Miller and Howard, 2004). These corals exhibit a variety of reproductive systems that may directly affect the potential for dispersal (Magalon et al. 2005). In general, it is expected that brooding species with direct development will exhibit limited dispersal capabilities compared to broadcast spawning species, and will therefore show lower genetic connectivity over similar geographical scales. However, although this expectation has been supported by numerous comparative studies (e.g. Hunt, 1993; Hellberg, 1996; Ayre et al. 1997; Arndt and Smith, 1998; Collin, 2001), several studies have also revealed high gene flow for brooders (e.g. Grant and da Silva-Tatley, 1997; Ayre and Hughes, 2000; Sponer and Roy, 2002; Le Gac et al. 2004); indicating that some of these species are able to disperse over wide geographical distances (Richards et al. 2007). The main limitation for studies of this type, however, is that small propagule size and potentially lengthy planktonic dispersal phases limit the ability to directly measure larval dispersal distance. Therefore, the understanding of “connectivity” relies heavily (but not exclusively, e.g., Cowen et al. 2006) on estimates of gene flow as proxies for organismal dispersal (Miller and Howard, 2004). 
To date, most assessments of connectivity have emphasized long distance horizontal dispersal of propagules from one shallow reef to another. However, an intriguing but yet untested possibility is that short distance vertical dispersal from deep reefs may represent a significant source of propagules for shallow reefs. This proposal aims to test this hypothesis by investigating the connectivity of coral populations at deep, mid and shallow sites in the Florida reef tract. Therefore, sampling within BNP is a critical part of a more extensive sampling design along the Florida reef tract that will include sites within the FKNMS, as well as sites north of BNP within Broward County. Further, the four BNP’s reefs proposed were chosen in order to encompass a latitudinal gradient and achieve a continuous and robust sampling design along the Florida reef tract system. Overall, results from this study are expected to help determine whether reef coral populations have the potential to recover over short vertical distances, rather than long horizontal distances. If short-distance vertical connectivity is the same as, or greater than, long-distance horizontal connectivity, then there will be a critical need for policymakers to re-assess the current level of protection afforded to deep water reefs in Florida, and potentially inform the design of MPAs whose boundaries may follow a depth isobath that excludes many deep water reef resources. 
OBJECTIVES/HYPOTHESES TO BE TESTED
 (1) To apply established molecular DNA techniques to assess connectivity between deep and shallow coral populations at select sites in the Florida reef tract. 

(2) To compare deep-shallow connectivity with shallow-shallow connectivity and deep-deep connectivity to determine whether short-distance vertical connectivity might be greater than long-distance horizontal connectivity. 

(3) To measure patterns of connectivity among coral species with diverse life-history reproductive strategies (broadcasters [P. astreoides, A. agaricites] and brooders [M. faveolata and M. cavernosa]). 

(4) To determine the directionality of gene flow (deep to shallow vs. shallow to deep) and identify sources of coral recruits, as well as possible barriers to gene flow. 

(5) To ascertain any symbiont (zooxanthellae) variation among the deep and shallow coral populations that may be acting as potential inhibitors to connectivity.
(6) To use the information obtained to inform the design of MPAs to ensure that potential deeper sources of larval recruits are adequately protected. 
(7) To develop a set of hypotheses that might be easily tested at numerous other sites in the US and wider Caribbean, e.g., U.S. Virgin Islands, Puerto Rico. 
METHODS 
Description of study area 

The study will involve the collection of small polyp biopsies from 20 individual colonies of each of the species Montastraea faveolata, M. cavernosa, Porites astreoides and Agaricia agaricites at each of two depths in four reef sites along the eastern boundary of BNP (Figure 1). These reefs were chosen in order to encompass a latitudinal gradient along the Park’s offshore reef tract system. The four sites include Fowey Rocks, Triumph Reef, Ajax Reef and Pacific/Elkhorn reefs. 
Procedures/Collections

The species in this study were selected based upon their documented abundance and distribution in the target habitats (Swanson, pers. comm.), as well as their different life-history characteristics (maximum colony size and reproductive mode). In addition, a variety of microsatellite markers are already available for some these species (Shearer & Coffroth, 2004, Severance et al. 2004). 
Corals will be sampled using SCUBA at the proposed reefs in BNP in shallow (~5m) and mid-depth (~15m) habitats (collections deeper than >18m will require additional permits through FKNMS). At each depth, individual colonies will be sampled using a random sampling procedure (see examples described in Baums et al. 2005) to detect both common and rare genets. Colony health will be recorded and a photograph taken. Small polyp biopsies from 20 randomly identified individual colonies per species will be performed [image: image1.png]


using a non-destructive syringe method used successfully in Dr. Baker’s laboratory. Briefly, a 60 ml syringe (without a needle) will be held flush with the rim of a corallite. The plunger of the syringe will be pulled out, sucking the polyp tissue into the syringe. The syringe inlet is then placed into a 13 mm plastic Swinney filter holder containing a glass fiber A/D filter (3.1lm pore size, Pall, PA, USA) and the tissue is expelled onto the filter by depressing the syringe plunger. The syringe is then flushed with seawater and debris removed from the inlet by hand prior to the next biopsy. After each dive, filters will be removed from their filter holders using tweezers, placed into 1.5 ml microcentrifuge tubes and preserved with 95% EtOH for laboratory genetic analyses. This syringe technique has been proven extremely useful; as it does not remove skeletal material and minimizes damage to the coral colony (full recovery typically occurs within 2 to 4 weeks). Overall, we have estimated a total of 640 samples across the 4 species/depths to obtain sufficiently high statistical power for our analyses. Some species may be limited by local abundance at that site/depth and by permitting constraints. 
All boats, diving gear, and field supplies will be provided by the PI and Co-PIs at the University of Miami, RSMAS. Boats will be launched from either Matheson Hammock Park or Black Point Marina. Essential dive team will consist of 2 divers and nitrox use is anticipated for mid depths. Maximum bottom time is expected to be ~30 minutes at each depth and sampling will be done starting with the deepest depth first. Travel to each site is expected to take only few hours, and includes travel time to the collection site, dive time and return trip. The expected impact to the park and its visitors will be negligible. 
Analysis
DNA from coral samples will be extracted following established protocols routinely used in Dr. Baker’s laboratory. Established microsatellite loci previously developed for each species will be amplified using a Polymerase Chain Reaction (PCR) protocol and alleles will be scored as PCR products with an automated sequencer (ABI 3730) using ABI dye primer sets (PET, NED, 6-FAM, VIC etc.) and an internal LIZ-500 size standard. Electropherograms will be analyzed using GeneMapper Software 4.0 (Applied Biosystems), and alleles will be scored based on amplicon size. Symbiodinium genotypes will be determined using Denaturing Gradient Gel Electrophoresis (DGGE) of the hypervariable ITS-2 region of the ribosomal gene repeat (LaJeunesse, 2001).
Established microsatellite markers to be used include the following: 7 microsatellite loci for M. annularis (also applicable to M. faveolata: Severance et al. 2004, Severance & Karl 2006, Foster et al. 2007); 3 microsatellite markers for P. astreoides and 5 for M. cavernosa (Shearer & Coffroth 2004). We are currently optimizing 16 putative microsatellite markers for P. astreoides, which we intend to use in conjunction with the 3 microsatellite loci published by Shearer and Coffroth (2004). In addition, we are also in the process of developing additional microsatellite markers for M. cavernosa, for which only 5 primer sets have currently been reported. New genetic markers will be developed for the species A. agaricites. 
Samples will be tested for deviation from Hardy-Weinberg Equilibrium (HWE) and for heterozygote deficiencies for each locus within each population using Genepop (http://wbomed.curtin.edu.au/genepop), and directionality of gene flow will be assessed using genetic exclusion/assignment tests (e.g., GeneClass2). 
Schedule 
Field activities in BNP will be conducted with day boat support from the University of Miami (RSMAS), taking advantage of existing plans of one of the co-PI’s (Herman Wirshing) to sample at the same proposed sites. The idea is to share the use of boat days through RSMAS and accomplish the field collections for both projects simultaneously by adding an additional 2 divers. 
Timing of fieldwork is not restricted to a particular season in the year. However, the collections of samples are expected to begin during August-September of 2009. Exact dates will be dependent on the availability of the boat at RSMAS, weather, and personnel logistics.  If all of the sampling is not completed during this preferred time, it is expected to be completed by the end of the summer 2010.  Analysis of the data will occur throughout 2010 and results are planned for completion by the end of 2010 to early 2011. After completion of this project, the PI expects to publish the results of the study in a peer-reviewed scientific journal.

Budget 
Co-PI Xaymara Serrano’s graduate student salary ($24,600/year) and funding to support travel to scientific meetings is being provided by NOAA’s Living Marine Resources Marine Cooperative Science Center (LMRCSC), the McKnight Doctoral Fellowship and the University of Miami RSMAS Graduate Student Association (MSGSO).

Boat rental fees for collection trips will be funded through the RSMAS Small Boat Fund. This award is for graduate students at RSMAS and will provide both the PI and co-PI Herman Wirshing 7 shared full boat days to travel to field sites. Field supplies and laboratory analysis related costs for the proposed project will be provided by the grant Protect Our Reefs awarded to the PI and co-PI Dr. Andrew Baker through Mote’s Marine Laboratory for the year 2009-2010. 
PRODUCTS
Publications and reports 

This study is part of the PI’s Ph.D. dissertation project, which ultimately aims at testing the hypothesis of vertical connectivity at numerous other sites in the Caribbean-Atlantic region, including other localities such as Bermuda, Puerto Rico and the U.S. Virgin Islands. The PI thus expects to publish the results of this study in a peer-reviewed scientific journal.
Collections 
After analyses are completed, collected samples will be permanently stored as total genomic DNA in a –80oC freezer at RSMAS.  Any left over tissue will be stored in small (5-10ml) vials of 95% ethanol.
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QUALIFICATIONS 

The PI is currently a PhD student in the department of Marine Biology and Fisheries from the University of Miami (RSMAS), where she recently completed the M.S. in the same research area.  Please refer to her CV for more information.

SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS
Safety
The only potential hazardous activity that will occur during this study is the use of SCUBA and standard small boat operations.

Access to study sites
We will access collection sites by boat and will require no more time at such site than that needed for a standard dive operation.

Use of mechanized and other equipment 

N/A

Chemical use 

Samples will be transferred to small vials containing 5-10ml of 95% ethanol 95% ethanol at the surface immediately after collection.

Ground disturbance 

N/A

Animal welfare 

N/A

NPS assistance 

N/A

Wilderness “minimum requirement” protocols 

N/A

�


Figure 1 Proposed collection sites within BNP.  Stars denote locations of reefs to be sampled, which include Fowey Rocks, Triumph reef, Ajax reef and Pacific/ Elkhorn reefs.
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