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Project summary.-

Marine invertebrates comprise the largest gaps in our knowledge of the biodiversity associated with coral reefs (Kensley, 1998, Knowlton, 2001a).  Certainly, several groups of reef-dwelling invertebrates are relatively well known, as is generally the case when they are conspicuous members of the reef community, of commercial value, or exhibit an obvious influence on the ecology of the reef.  However, the majority of the invertebrate fauna is understudied; many of these species are cryptic with individuals that might not reach more than one or two centimeters in length.

A particularly important group is the subphylum Crustacea.  To date, approximately 52,000 species of crustaceans have been described (Monod and Laubier, 1996), many of which are tightly associated with coral reefs.  This number is generally considered an underestimate of the group's diversity, as many species remain undescribed.  Kensley (1998), for instance, suggested that the number of reef-inhabiting crustaceans alone might be as high as 54,500 species, an estimate that reflected only peracarid crustaceans and did not include such major groups as copepods, crabs, and shrimps.

We propose to conduct an extensive survey of the biodiversity of reef-associated Crustacea throughout the Florida Keys National Marine Sanctuary (FKNMS).  The sampling of crustaceans will be performed at five reef sites, with the total sampling area spanning a distance of more than 300 kilometers within the FKNMS.  A variety of sampling methods will be used to obtain the specimens, including light and baited traps, plankton tows, benthic grabs, and hand collections.  Because many invertebrate organisms, including some Crustacea, exhibit diurnal differences in activity, sampling will also be conducted at night.  All collection efforts will be replicated and designed to permit analyses of the data on multiple spatial scales.

The objective of our research is to identify Crustacea endemic to reef environments of FKNMS.  Additionally, molecular markers will be used to examine biodiversity from a microevolutionary perspective, estimating gene flow within and between the selected reef sites.  Species from two disparate crustacean groups (orders Leptostraca and Isopoda) will be used as exemplars.

The need for inventories of less conspicuous organisms has been well recognized (Reaka-Kudla, 1997; Small et al., 1998; Mikkelsen and Cracraft, 2001).  Small invertebrates play significant roles in the ecology of reef environments; for example, many infaunal or epibenthic taxa contribute greatly to secondary production, nutrient cycling, and even the formation and bioerosion of reef structures.  More complete knowledge of the species diversity of coral reefs will provide baseline knowledge of alpha-diversity that will contribute to better estimates of community structure and undoubtedly allow for more effective conservation and management decisions (Knowlton, 2001b; Roberts et al., 2002).

The results of the research will be disseminated through three avenues: peer-reviewed journal publications, presentations at professional meetings, and electronically via the Internet.

Project description.-

i. Objectives.

We have planned this research with the following general aims: (1) to obtain an estimate of the diversity of reef-associated crustaceans throughout the Florida Keys National Marine Sanctuary, and (2) to determine if significant genetic heterogeneity exists for populations of leptostracans and sphaeromatid isopods within and among different reef communities of the Sanctuary.

ii. Methods.

Study area.-

Five reef sites will be surveyed, all within the boundaries of the Florida Keys National Marine Sanctuary; these sites are:

(1) Key Largo Dry Rocks:

A small reef of approximately 0.05 square nautical miles; 5 kilometers southeast of Key Largo, 25°07’N, 80°17’W.

(2) Cheeca Rocks:

A small area of inshore patch reefs; approximately 1 kilometer southeast of Upper Matecumbe Key, 24°54’N, 80°37’W.

(3) Coffins Patch:

A nearshore reef environment with characteristics of offshore patch reefs; 7 kilometers southeast of Key Colony Beach, 24°41’N, 80°58’W.

(4) Newfound Harbor:

Inshore patch reefs; less than 1 kilometer from Newfound Harbor Key,

24°37’N, 81°23’W.

(5) Dry Tortugas National Park: 

Coral reefs of Garden and Bush Keys; 113 kilometers west of Key West, approximately 24°43’N, 82°46’W to 23°34’N, 82°58’W.

The first two sites will be accessed using a rented boat of suitable design (e.g., 22-foot Mako with center console and 150-horsepower outboard motor).  The boat will be equipped with safety gear (e.g.,first aid kit, flotation vests, rope, lights), and serve as the vessel from which the majority of collecting is performed.  Transportation to Dry Tortugas National Park will be arranged with the Fort Jefferson Ferry Service; at this site, surveys will be conducted during dives and by kayak from shore.  Collection permits have been submitted for work at these sites; should our request to study the four Sanctuary Preserve Areas (SPAs) for any reason be denied, alternative, adjacent sites will be selected.

Sampling methods.-

To ensure a more comprehensive survey of crustacean diversity at the field sites of study, multiple techniques will be used for the collection of crustaceans; these include:

(1) Plankton tows: A plankton net will be used to make collections from surface waters.  The net, with a 300mm-diameter opening and 250-µm mesh, will be associated with a flow meter so that a measure of the volume sampled can be obtained.  Plankton tow samples will be collected such that two or more tows will be made at four different periods of the day; i.e., at least 8 tows will be made per site per day and will include samples collected at night.

(2) Light traps: 5 light traps will be set twice per night; they will be exposed for a period of 2 hours, beginning one hour and three hours after sunset, respectively.  The traps will be illuminated with Cyalume light sticks, increasing the chance that the traps are standardized and will remain illuminated throughout the period of exposure.

(3) Baited traps: 3 traps containing bait will be set on the bottom sediments at sunset and exposed approximately 10 hours; i.e., throughout the night.

(4) Benthic grabs: Collections of bottom sediments will be made with a small (6” x 6” x 6”; 3.5-liter) Ekman dredge, lowered from the boat and closed with a steel messenger.

(5) Hand collections: Samples will be collected by hand during dives using SCUBA.  The collections will include small (0.5-liter) samples from various microhabitats of the reef (e.g., coral rubble, algae).  Non-random collections made by hand are expected to add to the database those crustaceans that might not be collected by the other techniques.

These are relatively non-invasive methods of sampling from the reef community; only benthic grabs and hand collections are expected to lead to samples that include substantial amounts of non-target material such as sand and algae.  Placement of sampling gear will be determined by randomization of longitude-latitude coordinates within the area of each reef complex. 

Storage of samples.-

All samples collected will be fixed and preserved in a solution of 70% or 95% ethanol with label data that include: type of sample, method of collection, collection locality and coordinates, date and time of collection, name of collector, collection number, and preservative.  These data will be printed on labels associated with the specimens as well as stored in an electronic database (e.g., FilemakerPro5).  Samples will be shipped via insured, registered mail to the Crustacea Section of the Natural History Museum of Los Angeles County (NHMLAC).  All samples will be transferred to archival glassware and housed in the Crustacea collections.  Once processed, 50% of the samples will be permanently housed at the NHMLAC and 50% of the samples will be donated to the National Museum of Natural History (USNM).

Processing of samples.-

Given the sampling regime, approximately 620 samples will be collected as a product of the field research.  The samples will be studied using steromicroscopes and sorted in the laboratory by the primary investigators and undergraduate students from the University of Southern California.  Crustacean specimens from each sample will be identified to the level of genus (to species, where possible) and stored in a separate lot.

Morphological studies.-

Specimens of each taxon will be examined using Wild M-5 stereomicroscopes and Nikon Labophot-2 compound scopes.  Selected specimens will be drawn with the use of a camera lucida and/or photographed using microscope attachments with a Nikon Coolpix 995 digital camera.  Leptostracan and sphaeromatid isopod Crustacea will be studied in greater detail; that is, specimens will be studied in sufficient detail to describe any new taxa.  These studies will include the dissection and illustration of mouthparts and other appendages and examination of individuals using scanning electron microscopy.

Genetic studies.-

A 650-base-pair fragment of the internal transcribed spacer region 1 (ITS-1) and cytochrome oxidase I (COI) genes will be sequenced from leptostracan as well as a sphaeromatid species.  Samples of these taxa from each site will be selected for population-level study, with the total number of individuals sampled dependent upon haplotype diversity at each locality.  Total genomic DNA will be extracted from 95%-ethanol-preserved tissue using the DNeasy Tissue kit (Qiagen Incorporated) per manufacturer’s instructions. Voucher specimens will be deposited in the Crustacea collections of the NHMLAC to be curated and made available for future study.

The nuclear ITS-1 and mitochondrial COI genes will be amplified by the polymerase chain reaction (Saiki et al., 1988; Otta et al., 1999).  Each 100-µl reaction will contain 1-2 µl of extracted genomic DNA, 2.5 units of GibcoBRL recombinant Taq DNA polymerase (Life Technologies Systems), 10X GibcoBRL PCR buffer (Life Technologies Systems), magnesium chloride, dNTP nucleotides (4mM), forward and reverse amplification primers (1µl each), and distilled water to bring the total reaction volume to 100 µl.

Amplifications will be preformed in a PTC-200 DNA Engine™ Thermal Cycler (MJ Research, Inc.).  Cycle conditions for the PCR reactions will include an initial denaturation at 94ºC for 3 minutes and amplification with 40 cycles under the following parameters: denaturation at 94ºC for 30 seconds, annealment at 2ºC below Tm for 45 seconds, and extension at 72ºC for 60 seconds.  A 10-µl aliquot of each PCR reaction will be visualized through electrophoresis on a 1.4% agarose gel stained with ethidium bromide to confirm amplification of fragments of the targeted size.  PCR products will be purified with the GibcoBRL Concert™ Rapid Purification System (Life Technologies Systems) and cycle sequenced with the ABI PRISM™ chemistry and Big Dye™ dideoxy-labeled terminators (Applied Biosystems Incorporated) and visualized on an ABI 377 automated sequencer (Applied Biosystems Incorporated) by the primary investigators in NHMLAC’s state-of-the-art molecular facility.

Analysis of findings.-

The forward and reverse nucleotide sequences from each DNA fragment amplified will be inspected, edited, and assembled into contigs with the computer program Sequencer 4.1 (Gene Codes Incorporated).  Sequences then will be aligned using the computer program CLUSTAL X (Thompson et al., 1997), with parameters of the alignment alogorithm adjusted to properties of the sequence data, and then inspected by eye.  The computer package PAUP* 4.10b (Swofford, 2002) will be used to determine sequence divergences between taxa and to reconstruct relationships among the populations.  Both maximum-parsimony (Fitch, 1971) and maximum-likelihood (Cavalli-Sforza and Edwards, 1967) methods will be used.

Maximum-likelihood analyses employ models of evolution (i.e., DNA substitution models) (Huelsenbeck and Crandall, 1997).  In order to select a model of evolution that adequately describes the observed data (i.e., provides a statistically significant improvement of fit over the next most complicated model) a series of likelihood ratio tests (Felsenstein, 1981; Goldman, 1993) will be conducted with the computer program Modeltest 3.0 (Posada and Crandall, 1998).  After selection of the appropriate model, values for the model parameters will be estimated with the successive approximations approach, in which parameter optimization and tree-searching will be conducted in an alternating manner until a single tree topology is converged upon in success iterations (Swofford et al., 1996).

Support for relationships (i.e., tree nodes) will be assessed with nonparametric bootstrapping (Felsenstein, 1985) under both maximum-parsimony and maximum-likelihood criteria as implemented in PAUP 4.0* (Swofford, 2002), as well as with decay indices (sensu Bremer, 1994).

iii. Discussion.

The vast majority of population genetics research on reef-associated organisms has been focused upon the biology of the scleractinian corals themselves or the ecology of reef fishes (see Bellwood and Hughes, 2001; Knowlton, 2001c).  Relatively few works have provided a framework for understanding the diversity of invertebrate organisms on coral reefs, although the invertebrate fauna encompasses most of the biodiversity of any given reef.  The few broad-based research efforts on reef-associated invertebrates generally focus on molluscs and echinoderms (e.g., Hendler et al., 1995; Augustin et al., 1999; Hendler and Pawson, 2000), not Crustacea.  Furthermore, the literature reveals a marked bias toward sampling coral reef communities during daylight hours, effectively limiting collections of any cryptic, predominantly nocturnal organisms that might otherwise contribute to our estimates of reefal biodiversity.

Most studies of reef-associated Crustacea are taxonomic works that describe the discovery of species new to science, and commonly deal with a single species (e.g., Kensley and Clark, 1998; Vargas, 2000).  Several systematists have targeted higher taxonomic levels within Crustacea, but even these studies have been restricted to a particular suborder or order of crustaceans (e.g., McCain, 1968; Barnard and Karaman, 1991; Kensley, 1998).  We propose conducting a broad, repeatable survey of all Crustacea inhabiting the Florida Keys National Marine Sanctuary.  The study will provide information on the crustacean biota associated with reef complexes of the FKNMS.  There is a single abstract for study directly relevant to the proposed research; Levy and Sullivan (1994) recorded a total of 67 species of Crustacea from three hard-bottom sites in the Florida Keys.  Given the diversity of Crustacea elsewhere in the Caribbean, we suggest that this number is quite low; for instance, biotic surveys conducted by members of the NHMLAC's Crustacea Section on Guana Island are revealing the presence of 75 species from a single infraorder (Brachyura) and at least 220 species of Crustacea overall (see http://www.nhm.org/guana/bvi-invt/home.htm).  We anticipate that our collections from FKNMS will include at least three classes and some 18 orders, as distinguished by morpholocial characters alone.

In order to examine biodiversity on a finer scale, two crustacean taxa will receive additional attention for population genetics studies: leptostracan crustaceans of the subclass Phyllocarida and sphaeromatid isopods of the subclass Eumalacostraca.  These groups, the Leptostraca in particular, include "sibling species" sensu Knowlton (1993), for which boundaries to gene flow are difficult to infer using morphological characters alone.  For these groups, we will examine genetic heterogeneity within and among reef complexes of the Sanctuary.  The existence of considerable genetic structure has been revealed for marine invertebrates across a variety of spatial scales (Burton and Lee, 1994; Benzie, 1999), and in some cases analysis of spatial variation in gene frequencies had revealed the existence of cryptic taxa (Knowlton, 1993; Dawson and Jacobs, 2001; for review, see Knowlton, 2000).

The collection and identification of specimens from the sanctuary will provide valuable taxonomic data for ecological studies, further comparative studies, and the enhancement of reef management and conservation policies.

Among the Crustacea to be collected from the FKNMS, members of the orders Leptostraca and Isopoda have been chosen for further study because these are groups for which: (1) the authors possess taxonomic expertise, (2) museum specimens are readily available for comparative work, (3) effective primers and laboratory protocols have been designed for molecular markers of interest, and (4) supplemental funding is available.  Thus, these studies on the leptostracan and isopod Crustacea of the FKNMS will complement on-going revisionary research at the NHMLAC and the University of California Los Angeles (UCLA).

The Leptostraca.-[image: image1.png]



As currently understood, the order Leptostraca comprises 10 genera and 34 species, members of a basal group of Crustacea characterized by a hinged rostrum, folded carapace, and eight thoracic limbs.  The Leptostraca occur in nearly all marine environments, from intertidal habitats to bathypelagic waters.  

While leptostracans are known to occur on coral reefs of the western Atlantic, most original records referred specimens to the species Paranebalia longipes found in Bermuda and the Bahamas (Willemoes-Suhm, 1875; Claus, 1880; Verrill, 1926; Brattegard, 1970).  A clearer picture of leptostracan diversity is being developed by a combination of new collection efforts and study of museum collections.  Leptostracans now are known to occur throughout the Caribbean and Gulf of Mexico, including reef systems relevant to the proposed research.  Despite a broader distribution of the group, new records from disparate localities generally represent new taxa, and we anticipate finding high levels of endemicity for any given species.

Hypotheses that place relatively narrow limits on species ranges originate from observations that most leptostracans are benthic organisms and that all members of the group exhibit direct development, lacking a dispersal stage.  The degree to which leptostracans migrate between reef complexes might be influences by other aspects of their life history, yet the only extensive studies of leptostracan ecology have been performed only on populations from coastal waters off California (Vetter, 1994a, 1995; Gerken, 1995).  Generally, these and other shallow-water populations are associated with living algae and organic detritus (see Johnson, 1970; Haderlie et al., 1980, Vetter, 1994b, Haney and Martin, 2000).  Noting this trend, Johnson (1970) stated, “It seems probable that Nebalia is an important member of the association involved in the breakdown of dead organisms...”  Population densities indeed can be enormous; Vetter (1994a) reported the abundance of leptostracans in detrital mats to reach densities of 700,000 individuals per square meter and estimated annual secondary production of Nebalia at 3,300 grams per square meter.  Other reports indicate that leptostracan populations may often be quite large and make significant contributions to productivity (Pillai, 1959; Rainer and Unsworth, 1991; Gerken, 1995).  Also, the presence of leptostracans among stomach contents of fishes and birds provides some indication of the transfer of this production to higher trophic levels.

Little is known about the ecological role of leptostracan Crustacea on coral reefs. A single study has been published on the ecology of reef-associated leptostracans for populations associated with the alga Halimeda on the barrier reef of Belize (Modlin, 1996).  Additionally, one of the authors (Haney) has collected three leptostracan genera during biotic surveys in the British Virgin Islands and noted small-scale habitat partitioning.

The Sphaeromatidae.-

Peracarids (e.g., amphipods, isopods, tanaids, mysids, and cumaceans) are abundant members of the reef community.  Little is known about the diversity of these organisms on reefs as their presence is often overlooked due to their small size and cryptic behavior (see Kensley, 1983, 1998; Briggs, 1994).  Several fine-scale surveys of coral reef habitats have revealed a high diversity of isopods (Roman, 1970; Kensley, 1983; 1998).  A total of 124 species have been recorded from the Caribbean (Kensley and Schotte, 1989), and (Kensley, 1998) estimated level of endemism at 91.5% for this region.

Sphaeromatid isopods are best known for their diversity of life history traits, including brood pouch morphology (Harrison and Holdich, 1984) and extreme sexual dimorphism among males, most notably the wide variation in uropod shape, size, and ornamentation; cephalic shape, size, and ornamentation; and variation in body size and growth rate (Hurley and Jansen, 1977; Shuster, 1987, 1992).  Sphaeromatidae is one of the three largest families in the isopodan suborder Flabellifera; it includes 98 genera with over 600 species.  Members of this morphologically diverse and speciose group are distributed throughout marine communities worldwide, including rocky shores, sandy bottoms, and coral reefs.  Within these habitats, sphaeromatids are of ecological importance, serving as prey items for epibenthic fishes as well as commensals and scavengers.

Little is known about the phylogenetic relationships among the subfamilies and genera of Sphaeromatidae.  Currently, Dr. Wetzer, a senior investigator in the Crustacea Section (NHMLAC), is working toward resolving this problem.  Her extensive expertise in sphaeromatid taxonomy and molecular techniques will serve as an additional resource (see letter of support).

Anticipated products of research.-

If surveys of the coral reef biodiversity are to be useful, the mere collection of biological material is not sufficient; samples must be processed, and taxonomic data must be made available within a reasonable time frame.  In addition to exhaustive sampling of the FKNMS, we place equal emphasis on the analysis of collections, and our objective is to process 75% of the collections by the end of the funding year.

The products of the proposed research will include: peer-reviewed publications, presentations at professional meetings, and computer-based dissemination of data.  We anticipate that the manuscripts produced from this research will include (1) an overview of the biodiversity survey with lists of the Crustacea of the Florida Keys and (2) separate publications on the systematics and population genetics of leptostracans and sphaeromatid isopods, potentially including descriptions of new taxa.  Professional meetings to be attended include the 2003 summer meetings of The Crustacean Society (TCS) and the International Society for Reef Studies (ISRS).  Information will also be disseminated through the Internet via a website hosted at the Natural History Museum of Los Angeles County; the site will include the following: (1) a list of Crustacean taxa collected, (2) a searchable database of species found in the FKNMS, with all associated label data, (3) line drawings and/or digital images of representative specimens for each genus, (4) interactive, user-friendly taxonomic keys, (5) a searchable database for related literature.
Hence, the biotic survey proposed herein will make available information that will prove useful to policy-makers, educators, and biologists engaged in any aspect of the biology of reef-dwelling Crustacea.  The data on this diverse group of marine invertebrates will be the basis of a framework to which additional data can be added and for future comparisons should similar information become available for additional coral reef environments, whether within or outside of the Florida Keys National Marine Sanctuary.
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Boyce, S. L., T. Spears, and L. G. Abele. Molecular phylogeny of the Calappidae (Crustacea: Decapoda: Brachyura). The Fifth International Crustacean and The Crustacean Society 2001 Summer Meeting, Melbourne, Australia, July 2001. Click here to see slides from the talk.

Boyce, S. L., J. L. Staton, and B. C. Coull. Globetrotters or homebodies: An example from harpacticoid copepods. The 28th Annual Benthic Ecology Meetings, Baton Rouge, Louisiana, March 1999 and The Crustacean Society 1999 Summer Meeting, Lafayette, Louisiana, May, 1999.

Related Skills

DNA purification techniques, PCR amplification, agarose gel electrophoresis, ABI sequencing (ABI 377 XL), phylogenetic analyses (parsimony, distance, and likeihood)(
Meiobenthic collection ( Crustacean taxonomic identification (Copepoda, Brachyura, Conchostraca) ( Scientific illustration ( Scanning Electron Microscopy ( Computer skills? Microsoft Office, Filemaker Pro, Adobe Photoshop, Adobe Illustrator, Sequencer, CLUSTAL X, PAUP, MacClade ( Web page design ( Spanish language skills ( PADI Open Water SCUBA Certified ( Small boat handling

References

Dr. Joel W. Martin, Natural History Museum of Los Angeles County, 900 Exposition Boulevard, Los Angeles, California  90007, USA. Ph: 213.763.3440.  email: jmartin@nhm.org
Dr. Ruth Gates, Organismic Biology, Ecology, and Evolution, University of California Los Angeles, 621 Charles E. Young Drive South, Los Angeles, CA 90095-1606, USA Ph 310.206.7885.  email:  rgates@ucla.edu
Dr. Trisha Spears, Department of Biological Science, Florida State University, Tallahassee, Florida 32306-1100, USA. Ph: 850.644.1847.  email:  spears@biol.fsu.edu
Dr. Lawrence G. Abele, Department of Biological Science, Florida State University, Tallahassee, Florida  32306-1100, USA Ph: 850.644.1765 email:  labele@mailer.fsu.edu

Budget.-

	EXPENSES (USD)
	NCRI (USD)
	NSF PEET (USD)

	Salaries
	
	

	Work-study stipends (4 students @ 336 hrs. ea.)
	2,940
	0

	Salary: Boyce (@50%)
	0
	7,439

	Salary: Haney (@50%)
	0
	7,439

	
	
	

	Travel
	
	

	Airfare to FKNMS (2 people, 2 trips)
	800
	800

	Vehicle rental (2 trips)
	490
	0

	Gasoline ($1.60/gal @ 30 mpg @ 1140 miles *2)
	122
	0

	Boat rental (FKNMS)*2 trips
	2,200
	0

	Boat fuel (105 gal @ $2.30/gal)
	242
	0

	Ferry to Dry Tortugas (2 people, 2 trips)
	520
	0

	KML accomodations
	0
	750

	
	
	

	Collecting Equipment and Supplies
	
	

	WaterMark 250µm plankton net
	179
	0

	General Oceanics mechanical flow meter
	307
	0

	Aquatic light traps (8 @ $50.5 ea.)
	404
	0

	Cyalume light sticks
	117
	0

	Sentry III oxygen and temperature meter
	399
	0

	Salinity refractometer
	0
	145

	Bait (fish for baited traps)
	25
	0

	Ekman dregde (6" x 6" x 6")
	399
	0

	High intensity light
	54
	0

	Garmin GPSIII plus unit
	0
	339

	Whirl Pak sampling bags (500)
	56
	56

	Ethanol (190 proof, 108 gal)
	0
	387

	Compressed air refills (2 divers * 50 dives)
	500
	0

	Flotation vest (life jacket, 2)
	85
	0

	Johnson and Johnson First Aid Kit
	44
	0

	Shipping of samples (insured, UPS)
	0
	350

	
	
	

	Sorting Equipment and Supplies
	
	

	Newark Standard sieve set
	0
	0

	Ward counting wheel (2)
	192
	0

	Glassware (500 8-oz. jars)
	0
	450

	
	
	

	Molecular Equipment and Supplies
	
	

	Quiagen DNeasy extraction kit (250 rxns)
	435
	0

	PCR reagents (Taq, dNTPs, primer sets; 500 rxns)
	545
	0

	GibcoBRL purification kit (250 rxns)
	285
	0

	ABI sequencing reagents (formidamide, dyes, gels)
	0
	1,850

	Rainin R-10 Pipet-plus
	250
	0

	Rainin R-100 Pipet-plus
	250
	0

	Rainin R-1000 Pipet-plus
	250
	0

	Disposable plastics (pipet tips, tubes)
	0
	400

	Indirect costs
	4,650
	0

	Totals of expenses
	16,738
	20,403

	
	
	

	Total cost of study
	37,142
	 

	minus supplemental funding of
	20,403
	 

	Equals total amount requested of NCRI
	$16,738
	 

	 
	 
	 

	
	
	


The following equipment and supplies will be available at the Natural History Museum of Los Angeles County:

Licensed Software:

DELTA [Descriptive Language for Taxonomists], MS Word, Adobe Photoshop6.0, Adobe Pagemaker7.0, Adobe Pagemill3.0, PAUP 4.0* [Phylogenetic Analysis Using Parsimony], MacClade4.0.

Laboratory equipment:

-glassware (e.g., including vials, jars, dishes, slides)

-Wild M5 stereomicroscopes (5), Wild M& stereomicroscope (2), Nikon LaboPhot-2 compound microscope (2).

-access to Cambridge 350 Stereoscan scanning electron microscope

-Nikon D5 and Coolpix 995 digital cameras with microscope attachments.

PTC-200 DNA Engine™ Thermal Cycler, ABI PRISM® 377 DNA Sequencer, water bath, centrifuge, manual pipettors, gel electrophoresis chambers and power supplies.
Field equipment:

Garmin GPS III Plus, salinity refractometer, collection vials, thermometers, SCUBA equipment, Newark standard sieves.

Project time line.-

	Month
	Activities

	May 02
	Preparation; e.g., order of all supplies, travel arrangements; construct preliminary website with introduction to project.

	Jun 02
	Preparation of facilities; database construction; first collection trip, 10 days at end of month; preservation and shipment of samples to NHMLAC.

	Jul 02
	Unpack and transfer samples into archival glassware with label data; update computer databases; clean and store equipment.

	Aug 02
	Hiring and training of work-study students; introduction of students to crustacean diversity; supervision of and assistance with sorting efforts.

	Sep 02
	Processing of samples (identification, sorting, illustration, etc.).

	Oct 02
	Processing of samples; preparation and submission of progress report.

	Nov 02
	Processing of samples; start of molecular analyses on leptostracans and sphaeromatid isopods.

	Dec 02
	Processing of samples; molecular analyses; posting of preliminary data to website.

	Jan 03
	Second collection trip; shipment of samples; unpack and transfer samples into archival glassware with label data; clean and store equipment.

	Feb 03
	Update of databases; processing of samples; molecular analyses.

	Mar 03
	Processing of samples; molecular analyses.

	Apr 03
	Processing of samples; molecular analyses; analyze complete data sets.

	May 03
	Preparation of final progress report, presentations for summer meetings and manuscript(s); posting of findings from study to NHMLAC-sponsored website.


Appendices.-

Letters of support.-

March 18, 2002

Technical Advisory Committee

National Coral Reef Institute

NSU Oceanographic Center

8000 North Ocean Drive

Dania Beach, FL  33004

To whom it may concern:

I am writing in strong support of the proposal by Todd A. Haney and Sarah L. Boyce to conduct studies on the biodiversity and population genetics of reef-associated crustaceans in the Florida Keys National Marine Sanctuary.

As you are well aware, crustaceans are among the most diverse of all reef-associated animals, play a critical role in food webs and reef ecology, and constitute one of the largest components of reef diversity worldwide.  Yet our knowledge of reef-associated crustaceans is extremely poor.  The proposed project would go a long way toward filling in some of the critical gaps in our knowledge of reef-associated crustaceans 

I am in a unique position to comment on the abilities and skills of both of the PIs and to comment on the proposal itself.  

Todd Haney and Sarah Boyce are both doctoral candidates at UCLA, working under the supervision of Dr. David K. Jacobs on the UCLA campus and under my supervision as they conduct their organismal research at the Natural History Museum of Los Angeles County.  Although both PIs are graduate students, they are already extremely accomplished and competent scientists with proven track records and virtually unlimited promise.  

Todd Haney has already established himself as one of the world's foremost authorities on the Crustacea Leptostraca.  Leptostracans (e.g. Nebalia) are numerically abundant and ecologically extremely important in many habitats, yet we know almost nothing about them in Florida.  These small crustaceans can occur in great densities; a 1994 paper in the British journal Nature noted that one California species is found in densities higher than what was previously known for any animal (over 700,000 animals per square meter).  The presence of these crustaceans in some instances indicates low oxygen levels; they therefore have the potential for use as bioindicators as well.  Recent collecting by Haney has indicated that there may be quite a bit of unappreciated endemicity wherever leptostracans are found.  Todd has already described and published several new species and a new genus from a Caribbean reef area. 

Todd is fully supported by a large grant (which he helped write, as a first year graduate student) from the PEET program of the Systematic Biology division of the National Science Foundation.  The grant recognizes not only the importance of Todd’s dissertation project, but in particular his promise as a future systematist.  The proposed survey in the Florida Keys would certainly augment his dissertation research by allowing him to examine species in these localities, and it will in turn be a tremendous benefit to the NCRI in providing a clearer picture of the biodiversity at these sites.

Todd is a proven producer, an excellent field biologist, and a good writer.  He is well organized and extremely efficient. There is absolutely no doubt in my mind that he will accomplish the goals set forth in this application.  

Sarah Boyce is the most recent of my doctoral students, having begun her program in the fall of 2001.  As are all of my doctoral students, Sarah will be receiving her degree through UCLA, although her research time is divided between the laboratory of her on-campus advisor, Dr. David K. Jacobs at UCLA, and my laboratory at the Natural History Museum of Los Angeles County.

Sarah received her MS degree at the Florida State University under the direction of Drs. Trisha Spears and Lawrence Abele, working on the systematics and phylogenetics of crabs (Crustacea, Decapoda, Brachyura).  Her masters was a beautiful piece of work aimed at elucidating the relationships among crabs in the family Calappidae, many of which are reef-associates.  Athough calappid crabs are widespread and often studied, there was no consensus, and virtually no existing hypotheses, concerning the relationships of genera within the family or of the family to other groups of crabs.  Sarah employed molecular sequence data to provide the first analysis of calappid phylogeny.  One of her presentations based on this work was presented at the Fourth International Crustacean Congress in Melbourne, Australia, in July of 2001; the paper was well received and was awarded the prestigious Best Student Paper award from The Crustacean Society.

To gain admittance to UCLA and to our joint research / training program, Sarah was selected from a large pool of applicants who applied to work in the Martin / Jacobs labs. Applications were received from students in 7 different countries and from a large number of students in this country.  Sarah's background, dedication, and existing skills were a virtual guarantee that she would succeed in our program here in Los Angeles, and we have been really delighted to have her as one of our graduate students.  Like Todd, she is efficient, organized, and extremely dedicated.  Already she has proven herself to be a serious and dedicated scientist, at home in the lab or in the field, and I have full confidence in her ability to complete the proposed project in the Florida Keys.

Both Haney and Boyce are currently supported by the National Science Foundation PEET grant (Partnerships for Enhancing Expertise in Taxonomy), and both are first rate scientists.  In addition, working in this laboratory has allowed them access to a very successful ongoing survey of the fauna of a reef area in the British Virgin Islands (a separate project also funded by the National Science Foundation), which has in some ways served as a model for what they propose to do now.  Their proposal is feasible, exciting, and well designed.  I urge you to give their proposal your most serious consideration.

Sincerely yours,

Joel W. Martin

Curator of Crustacea

Chief, Division of Invertebrate Studies

Natural History Museum of Los Angeles County  

900 Exposition Boulevard

Los Angeles, CA  90007  USA

Phone: 213-763-3440; FAX 213-746-2999; E-mail: jmartin@nhm.org
To: "'Todd Haney '" <toddhaney@crustacea.net>

Subject: RE: Keys

Date: Mon, 25 Mar 2002 07:33:19 -0800 

Dear Todd and Sarah, 

My recent work on marine ostracodes has focused on diversity of cypridinids in the Caribbean Sea. Much of our work has involved bioluminescent cypridinids that use their light for avoiding predation and for courtship.  Diversity of these luminescent cypridinids is high, with over 70 species discovered. Many of these species are still undescribed. Endemism is high; most species have narrow geographic ranges and microhabitat specificities.  The cypridinid fauna of the Southeastern U.S. has not been well characterized.

In addition to the luminescent species, I am working on Skogsbergia lerneri. Skogsbergia lerneri is a cypridinid that is described as a single species throughout the Caribbean. Our genetic data suggests that S. lerneri is composed of several cryptic species. We lack samples from the Southeastern U.S. for our studies.

I would be very interested in ostracode samples for molecular and morphological studies. I would be happy to assist in identifying any ostracode samples that you collect for this project. I would like to thank you for your invitation to participate in the project. 

As you know, Cal State LA is a minority serving institution. I am looking forward to involving our underrepresented students in work at the Natural History Museum. I welcome the opportunity for them to broaden their knowledge of careers in environmental biology.

Sincerely, 

Elizabeth Torres 

Assistant Professor of Biology 

Department of Biological Sciences 

California State University, Los Angeles 

(323) 343-2179
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