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My research team is currently working on several related projects involving the shallow, hard-bottom communities so common throughout the Florida Keys.  In some cases, our research is focused on the ecology of single species of specific ecological or economic importance (e.g., spiny lobster, commercial sponges).  In other cases, our research involves community-level assessment and the influence of environmental (e.g., salinity change in Florida Bay due to changes in Everglades water management) or human factors (e.g., fishing) on the structure of hard-bottom communities over large spatial scales.  In both cases, we use a combination of field sampling, field and laboratory experimentation, and computer simulation modeling to test hypotheses of interest.  

Thus, we request a permit to conduct three separate studies within Florida Bay (hence the southern boundary of Everglades National Park) as part of a Keys-wide research effort.  The first is a survey of hard-bottom communities and involves no destructive sampling or activities at all.  The second is sponge recovery study, whereby sponge tissues are monitored for growth and survival in areas where sponge die-offs have decimated the natural sponge populations; no sponges within the park will be disturbed.  The third is a survey of juvenile spiny lobster disease status within the park; a subsample of the lobsters surveyed at each site will be assayed for the disease using histological techniques and thus will be destroyed.

II.  OVERVIEW

A. Statement of Issue:

Remarkably little is known about the structure or ecological function of nearshore hard-bottom habitat in south Florida, a fact highlighted in recent years by questions about the possible impact of environmental change and resource exploitation on these communities.  For example, there are concerns about the possible impact of Everglades restoration and salinity change on hard-bottom communities in this same region, as well as the potential for over-exploitation of shallow water sponges by the commercial sponge fishery.  Spiny lobsters are another ecologically and economically important species whose primary nursery is in hard-bottom habitat.  As with many other species that dwell in this habitat, lobsters are impacted by environmental change (e.g., salinity & habitat changes) and fishing, but we have recently identified another agent that seriously threatens spiny lobster populations – a lethal, blood-borne viral disease that infects juvenile lobsters.   Hard-bottom habitat exists only along the southern edge of the Everglades National Park boundary in Florida Bay.  Although limited in scope within the park boundary,  these habitats grade into those of the Florida Keys National Marine Sanctuary and are part of single, linked ecosystem irrespective of human designated political boundaries.

B. Literature Summary:

Nearshore hard-bottom habitat is a ubiquitous feature of the shallow waters surrounding the Florida Keys ecosystem.  Some estimates indicate that macroalgal-dominated hard-bottom constitutes ~ 40% of the shallow coastal zone surrounding the Florida Keys (Zieman et al. 1989, Herrnkind et al. 1997).  Yet, remarkably little is known about the community structure or ecological function of hard-bottom communities.  Hard-bottom habitat–also referred to as live-bottom habitat, octocoral-dominated hardgrounds, exposed bedrock outcrops, alcyonarian-sponge communities, nearshore rock-bottom habitat, and algal-dominated hard-bottom-occurs in shallow (< 5 m) coastal waters and is characterized by low relief (< 0.5 m), limestone bedrock overlain by a thin veneer of sediment (see Schomer and Drew 1982, Chiappone 1996).

As the term “algal-dominated hard-bottom” (Chiappone and Sullivan 1994a) implies, numerous species of red, green, and brown macroalgae occur in hard-bottom habitat, but bushy, red macroalgae (primarily one of three species of Laurencia) are the dominant producers.  Laurencia can grow to > 0.5 m tall and it often covers >90% of the bottom, although its local abundance can be ephemeral (Mathieson and Dawes 1975, Josselyn 1977, Butler et al. 1997).  In the shallow waters surrounding the Florida Keys, hard-bottom habitat intersperses with sand, calcareous mud-bottom, and seagrass meadows (primarily Thalassia testudinum, Syringodium filiforme, Halodule wrightii).  However, stable-isotope analysis of hard-bottom trophic structure reveals that there is little inter-habitat connectance between seagrass and hard-bottom habitats with respect to carbon and energy (Behringer and Butler, in review).  Virtually all of the secondary production in hard-bottom communities is derived from macroalgal-based carbon, further demonstrating the uniqueness of this poorly studied habitat.

Sponges, octocorals, and scleractinian corals are typically the most conspicuous sessile fauna in the hard-bottom communities of the Florida Keys.  Massive sponges (e.g., loggerhead sponge, Speciospongia vesparium; vase sponge Ircinia campana; stinker sponge, Ircinia felix, etc.) are a common and striking component of hard-bottom habitat throughout the Florida Keys and dominate the sponge community with respect to biomass.  A few species of sponge (sheepswool sponge, Hippiospongia lachne; yellow sponge, Spongia barbara; glove sponge, Spongia graminea) are commercially harvested in the Florida Keys, and numerous other small-to-medium sized and encrusting sponges (e.g., golfball sponge, Cinachyra alloclada; cake sponge, Aaptos aaptos; fire sponge, Tedania ignis; green sponge, Haliclona viridis;  chicken liver sponge, Chondrilla nucula, etc.) occur in hard-bottom areas as well.

The octocoral and hard coral assemblages found in hard-bottom are depauperate compared to the oceanside reefs.  Approximately 15 species of octocorals are present in shallow hard-bottom areas, but these are dominated by just a few species, for example: slimy sea plume (Pseudopterogorgia americana), angular sea whip (Pterogorgia anceps), purple sea plume (Pseudopterogorgia acerosa),  and bent plexaura (Plexaura flexuosa).  Only a few stony corals commonly occur in shallow hard-bottom areas.  Most species are small and inconspicuous (e.g., branching fire coral, Millepora alcicornis; golfball coral, Favia fragum; lesser starlet coral, Siderastrea radians; rose coral, Manicina areolata; mustard hill coral, Porites astreoides), although the smooth star coral (Solenastrea bournoni) forms corals heads approaching 2 m in diameter.

A large but unknown number of motile macrofauna dwell in hard-bottom areas.  Many of these species use hard-bottom habitat opportunistically (e.g., stone crabs, Menippe mercenaria;  bonefish, Albula vulpes; tarpon, Megalops atlanticus; various sharks; turtles, Chelonia;  etc.), for others hard-bottom serves as a nursery (e.g., Caribbean spiny lobster, Panulirus argus; Red grouper, Epinephelus morio; Nassau grouper, Epinephelus striatus; Hogfish, Lachnolaimus maximus;  various species of snapper and parrotfish, etc.), and still others are obligate dwellers of hard-bottom and rarely found elsewhere (e.g., spider crabs, Mithrax spinosissimus; octopus, Octopus briarius; numerous shrimps and other species).

With few exceptions, the abundance and distribution of sponges, corals, and other hard-bottom dwelling organisms in the Florida Keys are poorly documented because so few studies exist and those that do suffer from sampling trade-offs.  For example, some hard-bottom studies focused on one or a few sites in the Florida Keys and therefore provided great taxonomic detail at those localities, but insufficient geographic sampling for regional assessments (Chiappone and Sullivan 1994a,b, Zischke 1973, Stevely and Sweat, 1999).  In other studies, an ample geographic range was surveyed but without sufficient taxonomic detail for population assessment purposes (Field and Butler 1994, Butler et al. 1995, Herrnkind et al. 1997, Bertelsen et al. in prep).

The need for a more comprehensive, up-to-date survey of the shallow hard-bottom communities of the Florida Keys has been highlighted in recent years by environmental change and resource exploitation that are impacting these habitats.  Since the early 1990s, hard-bottom communities in south central Florida Bay have experienced several episodes of sponge die-off (Butler et al. 1995, Herrnkind et al. 1997), presumably tied to massive blooms of cyanobacteria (Synechococcus sp.) that blanketed the region for months at a time.  This same region, because of its hydrological linkage with the Everglades, experiences remarkable annual and intra-annual fluctuations in salinity (Fourqurean and Robblee 1999) and there are concerns about the possible impact of Everglades restoration on hard-bottom habitat in the region.  The exploitation of sponges by the commercial sponge fishery has also prompted a series of public meetings and a call for the closure of the fishery, which operates exclusively on sponges removed from shallow hard-bottom habitat.  Justification for the closure of the fishery and the review of existing regulations is hampered because there is no stock assessment of sponges in the Florida Keys.  

     Our third objective is to assess the prevalence of a recently discovered disease that threatens the Caribbean Spiny Lobster (Panulirus argus) population in south Florida.  Spiny lobster support one of the most valuable commercial and recreational fisheries in Florida, so the occurrence of a previously unknown and fatal viral disease among juvenile lobsters in the Florida Keys is understandably of major concern for local resource managers. Histopathology and transmission electron microscopy confirm the disease to be an enveloped, icosahedral, Herpes-like DNA virus with virons concentrated in the host’s hyalinocytes and semigranulocytes (blood cells).  This is the first pathogenic virus reported in any lobster species, however, viral diseases have spread rapidly in other crustacean populations (e.g., king crabs, blue crabs, and shrimp) and have contributed to declines in some fisheries and aquaculture stocks.  Thus far, the disease appears limited to the juvenile lobster population, but we are conducting laboratory studies to ascertain its mode of transmission and its potential threat to adults as well as juveniles.  For this permit, we simply request permission to census the juvenile lobster populations within portions of Florida Bay lying within the park boundaries to assess the prevalence of disease in this region.  This a part of a Keys-wide survey of the disease.

C.  Scope of Study:

During a recent review of science and monitoring in the Florida Keys for the EPA and Florida Keys National Marine Sanctuary (FKNMS), their outside science advisory panel stated that the hard-bottom community has been neglected and its ecological significance must be explored.  In response to these needs, our objectives are to provide the first comprehensive survey of the nearshore hard-bottom communities and lobster viral disease of the Florida Keys and to examine the potential recovery of sponge communities previously decimated by cyanobacteria blooms in Florida Bay.

D. Intended Use of Results:


The information gathered will be used to advance scientific knowledge and for any fishery management purposes deemed necessary to manage sponge or juvenile lobster harvest.  No commercial use is anticipated.

III.  OBJECTIVES/HYPOTHESES TO BE TESTED

(1) What is the potential impact of changing salinity in Florida Bay on hard-bottom community structure, with a focus on sponge, octocoral, octopus & spiny lobster dynamics?

(2) What is the current structure and distribution of shallow hard-bottom communities in the Florida Keys, with a focus on commercial sponge species?

(3) What is the current distribution and prevalence of viral disease in spiny lobster in the Florida Keys?
IV.  METHODS

A. Description of Study Area

We will survey hard-bottom sites at depths of < 4m in a region lying within the boundaries of the FKNMS, from Key Largo to the Marquesas Keys extending on the oceanside south to the edge of Hawk Channel and on the bay-gulfside up to 15 km north of US 1.  Our sampling strategy involves a double-stratified, random sampling design.  The top strata consists of seven biogeographic hard-bottom regions that were determined from prior, rapid assessment hard-bottom surveys conducted in 1993 and 1994 (Herrnkind et al. 1997, Bertlesen et al unpub. ms).  The subordinate strata within those regions will consist of a subset of the numerous hard-bottom sub-habitats, as defined in the “Benthic Habitats of the Florida Keys” GIS database, that represent the full range of structural complexity available in hard-bottom habitat.  Survey locations within these two strata will be randomly selected from among those available using the 1 nm “fishgrid” quadrants to define potential sample locations.  The number of survey locations within the biogeographic and subhabitat strata will be determined by proportional sampling based on the respective areas of these strata.  We anticipate that the total sampling effort will include approximately 100 survey sites in the Florida Keys, the final number being determined after preliminary sampling to determine error variance and effort (time/site) for power analysis.  Within the park boundary (i.e., sample areas pertinent to this application), we anticipate surveying approximately 20 hard-bottom sites, all along the southern border of the park and none within wilderness areas.
B. Procedures

The proposed sampling efforts for this project are primarily in shallow, nearshore hard-bottom habitats most of which will be on the bayside of the Florida Keys.  The following is a detailed description of our proposed field activities (for each of which we are also seeking permitting from FWCC):

(1) Sponge Recovery Experiments: 

In the coming year, we would like to transplant sponge tissue cuttings to field sites within Florida Bay where sponges have been decimated from repeated sponge die-offs to assess natural rates of sponge growth and survival (i.e., potential for recovery).  We propose to do so at approximately 20 shallow hard-bottoms site locations within southwest Florida Bay, within the Everglades National Park boundary.  We have not yet selected the specific sites, but based on the past distribution of sponge-bearing hard-bottom habitat in Florida Bay, we anticipate locating sites in four general areas: (1) south of the Arsnicker Keys, (2) in Twin Key Basin, (3) in Lignum Vitae basin, and (4) bayside of the upper Keys within 1 km of the shore.  Our methods are non-destructive using naturally occurring sponge tissues taken from unimpacted (or minimally impacted) hard-bottom sites just outside the park boundary.  In addition, our sponge transplant units are small, and not permanently attached to the seafloor, so they can be easily removed at the study’s conclusion.  Thus, the potential environmental impact of these activities are nil.  

The sponge cuttings are small (5 cm x 5 cm) and are fixed to small limestone bricks (10cm x 15cm x 5 cm) on the bottom, so they pose no navigational hazards.  We anticipate that we will place about 20 of these cuttings at each site. The cuttings and bricks will be removed at the conclusion of the study.  For this study, tissue samples of four sponge species (Speciospongia vesparia, Ircinia campana, Ircinia sp., Hippospongia lachne) and two octocoral species (Pterogorgia anceps, Pseudopterogorgia acerosa) will be taken from four individuals per species at two; these are tissue samples so the original sponges will be left intact.  Again, the two sites from which tissue samples will be taken ARE NOT within the Everglades park boundary.   So we will NOT be conducting ANY destructive sampling.   We hope to begin these experiments in June 2002 and will continue to monitor sponge survival and growth approximately every 6 months for the next few years.

(2) Hard-bottom Habitat Surveys:
In conjunction with the Florida Fish & Wildlife Commission, Florida Marine Research Institute – Marathon Field Laboratory (FWCC-FMRI) we will conduct non-destructive surveys of shallow hard-bottom community structure at ~ 100 sites throughout the Florida Keys during the summer of 2002 (June – August).  At these sites, sponges, octocorals, hard corals and macroalgae will be counted but not disturbed or sampled.  We anticipate that we will survey approximately 15 sites within the Everglades Park boundary, but the exact locations have yet to be determined for this non-destructive sampling.

(3) Spiny Lobster Disease Surveys:


We recently discovered a viral disease that infects spiny lobster in the Florida Keys and we have obtained funding from the National Science Foundation to study this situation.  This project is being conducted in cooperation with FWCC-FMRI who will conduct some of the sampling with us.  To ascertain the current distribution and prevalence of the disease among lobsters in the Florida Keys, we propose to collect blood samples from spiny lobsters (mostly juveniles) at the same sites noted above for the hard-bottom surveys (~ 100 sites).  We anticipate that we will survey lobsters at approximately 15 sites within the Everglades Park boundary, but the exact locations have yet to be determined.  Again, this is non-destructive sampling.  At each site, lobsters will be collected, counted, measured & a blood sample (0.1 ml of hemolymph) taken from each individual while at the site; then the lobsters will be immediately released on site.    


We also propose to collect a small subsample of live diseased juvenile spiny lobsters from our survey sites; those individuals will be used in laboratory studies of disease tolerance and transmission.  The total number of lobsters collected for these experiments will not exceed 50.  These experiments will be conducted at the Keys Marine Laboratory (a joint facility of the FWCC and the State of Florida University system) in a new state-of-the-art disease-control wet-lab facility built in conjunction with FWCC-FMRI.  Lobsters used in those experiments will be destroyed at the experiment’s conclusion as a conservative measure to avoid any possible disease contamination.  


Finally, we will conduct non-destructive experiments testing whether commercial lobster traps influence the nutritional condition and disease susceptibility of lobsters.  The great majority of this work will be conducted outside the park boundary.   However, for comparative purposes with the fished areas, we would like to deploy a limited number (< 20) of commercial-style lobster traps just inside the park boundary near the intracoastal waterway, south of Arsnicker Keys.  The traps will be checked daily by divers and all lobsters released.  The traps will be in place for no more than 10 days at approximately 4 locations within this region.

C. Collections

The collections required are limited to a subsample of the juvenile lobsters (Panulirus argus) at each of 15 sites (< 10 per site) for use in histological examination and confirmation of the presence of disease.  These animals will be transported back to the Keys Marine Laboratory (Long Key, FL) where they will be euthanized (placed in refrigerator until they succumb) and the necessary tissues dissected and preserved for later histological analysis.

I have applied for renewal permits from the Florida Keys National Marine Sanctuary and from the Florida Fish and Wildlife Conservation Commission to conduct similar research as described here in their areas of jurisdiction.  My previous permits from these agencies include:


(1) Florida Keys National Marine Sanctuary (FKNMS # 2000-021) issued to Dr. Mark Butler for spiny lobster reproductive research throughout the sanctuary including Special Preservation Areas (SPA).  Expires: December 31, 2001

(2) Florida Keys National Marine Sanctuary (FKNMS # 2000-012) issued to Dr. William Herrnkind (with Dr. Mark Butler as a participant) for spiny lobster recruitment research throughout the sanctuary including Special Preservation Areas (SPA).  Expires: December 31, 2001

(3) Florida Fish & Wildlife Conservation Commission (#00S-582) issued to Dr. Mark Butler for research collecting for sponges, octocorals and octopus within Monroe County.

D. Analysis

This project will information on the prevalence of lobster disease and the abundance and distribution of various hard-bottom species which will be archived in an electronic database (Microsoft Access format) and constructed as a relational database that is NGDC-compliant and used in GIS applications.  The sponge recovery project will yield estimates of sponge growth and survival at various sites within a number of biogeographic regions (analyzed via a hierarchical ANOVA).
E. Schedule

We anticipate that field work will be conducted throughout the summers of 2002 and 2003, with analyses and write-up to follow immediately thereafter.

F. Budget

This project is funded via several sources:

Butler, M.J. IV, J. Sheilds, R. Ratzlaff. 2002 – 2004. “The behavioral and ecological effects of viral disease in Caribbean Spiny Lobster”, National Science Foundation, $269,643

Sheilds, J., M.J. Butler IV, and R. Ratzlaff. 2002 – 2003. “Epidemiological studies on spiny lobsters, Panulirus argus, infected with a pathogenic herpes-like virus”, NOAA/National Marine Fisheries: Saltonstall-Kennedy Program, $132,267

Butler, M.J. IV. 2001 – 2003. “Regional Assessment of Sponge Dynamics & Sponge Fishery Impacts”, NOAA Coastal Ocean Program, $140,156 

Butler, M.J. IV. 2001 – 2003. “Regional characterization of hard-bottom communities in the Florida Keys National Marine Sanctuary”, Florida Fish & Wildlife Conservation Commission, $68,000
V.  PRODUCTS

A. Publications and Reports

We regularly publish in the leading marine science journals (Marine Ecology Progress Series, Marine Biology, Marine and Freshwater Research, Canadian Journal Fisheries and Aquatic Science, etc.) and we anticipate that the data from these studies will lead to similar publications.

B. Collections


The only permanent collections will be histological preparations of lobster tissues, which will be stored at Old Dominion University and the Virginia Institute of Marine Science.

C. Data and Other Materials


None other than that noted above in section IV D.
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Professor (2000), Dept. of Biological Sciences, Old Dominion Univ.

Adjunct Professor (1999), Dept. of Biological Science, Florida State Univ.
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Graduate Program Director (1996), Dept. of Biological Sciences, Old Dominion Univ.
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Assistant Professor (1989), Dept. of Biological Sciences, Old Dominion Univ.
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Professional Activities:

(1) Organized and Chaired 6th International Conference on Lobster Biology and Management in September 2000.

(2) Editor of “The Lobster Newsletter”, an international newsletter published twice a year and now in its 14th year of publication.

(3)  Staff Reviewer for Marine Ecology Progress Series
(4)  Scientific Advisor, Gulf of Mexico Fishery Management Council

Previous NPS Permits

(1) Last year I held a permit (#EVER-2001-SCI-0012) for spiny lobster research in the Dry Tortugas.  That project is completed and that permit expired on March 31, 2002; the final report for that project has been submitted.

(2) In past years, I was listed as a participant on permits issued to Dr. William Herrnkind of Florida State University (# 200086) for research in Florida Bay (Everglades National Park) and to Dr. Rodney Bertelsen (#1999033, #1998005) of the Florida Fish and Wildlife Conservation Commission/Florida Marine Research Institute for spiny lobster research in the Dry Tortugas.
VII.  SUPPORTING DOCUMENTS AND SPECIAL CONCERNS

A. Safety

Boating, snorkeling, & SCUBA are our safety related activities.  All of our boat operators have taken the Old Dominion University sanctioned safe boating course, all have CPR/First-Aid/Oxygen Administration training, and all are experienced snorkelers/divers.  We dive in waters < 3m deep, so diving risks are minimal.

B. Access to Study Sites

None of our activities occur in restricted areas.  We will visit each survey site once.

C. Use of Mechanized and Other Equipment

We will not mark sites.  At no more than 6 sites we will temporarily place on the hard-bottom sponge tissue cuttings for monitoring sponge growth and survival in regions where sponges have been decimated. The sponge cuttings are small (5 cm x 5 cm) and are fixed to small limestone bricks (10cm x 15cm x 5 cm) on the bottom, so they pose no navigational hazards.  We anticipate that we will place about 20 of these cuttings at each site. The cuttings and bricks will be removed at the conclusion of the study.  
D. Chemical Use

None

E. Ground Disturbance

None

F. Animal Welfare

Not applicable.

G. NPS Assistance

None

H. Wilderness “minimum requirement” protocols

Not applicable
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