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Introduction

The U. S. National Park Service (NPS) created an Inventory and Monitoring Program to provide funding and technical support to the more than 250 park areas with significant natural resources to conduct basic inventories and long-term monitoring.  The program supports the inventories of major vertebrate groups and vascular plants in the parks to determine the occurrences and distribution of those natural resources.  The goal of the NPS Inventory is to document at least 90% of the species occurring in each park area.

Virgin Islands National Park (VIIS) was established in 1956 to protect outstanding scenic values and features of national significance, primarily on the island of St. John in the eastern Caribbean.  The park now contains an area of almost 13,000 acres.  In 1976, the United Nations Educational, Scientific and Cultural Organization (UNESCO) through its Man and the Biosphere (MAB) program designated the park as a Biosphere Reserve.  

Virgin Islands National Park has relatively complete checklists for all major taxa to be inventoried under the NPS program.  However, distribution and status information for bats (the only native terrestrial mammals), the herpetofauna and ichthyofauna, marine vascular plants, introduced plant and animal species, native and migratory birds, and marine bait-fishes are needed.  
Previous collections of inland fishes in the Virgin Islands

Because of the paucity of freshwater resources in Virgin Islands National Park, there has been little emphasis on inventorying inland aquatic habitats.  Most attention in the island park has been focused on marine resources.  However, observations by resource managers and scientists working on St. John indicate the presence of fishes in the freshwater streams and estuarine channels and pools (C. Rodgers, R. Boulon, H. Waddle, and T. Foster, personal communications).  Scientific information about the inland fishes of the Lesser Antilles in general, and the Virgin Islands in particular, is scant (Lee et al. 1983).  Clavijo et al. (1980) listed a dozen or so species of fishes that have been reported from fresh and brackish waters on St. Croix, U. S. Virgin Islands.  Some of these can be expected to occur on St. John.  However, some records from St. Croix are of U. S. mainland species and non-native cichlids that have been introduced there, and would be unlikely to occur on St. John.  Clavijo et al. (1980) also recorded another 18 species that could also be expected from brackish waters in mangrove habitats or ponds on St. John.  Miller (1982) reviewed the ichthyofauna of the West Indian islands.  Although he did not specifically mention the Virgin Islands, it is likely that his statements regarding the fauna of Puerto Rico to the west would also apply generally to the Virgin Islands.  

Aquatic Habitats:

Several small drainages, known locally as “guts”, offer freshwater habitat on St. John, at least on an intermittent basis.  The guts emptying into Great Cruz, Fish, and Reef bays are the most likely habitats in which to expect fishes in freshwater.  Because rainfall amount on the island is rather low and seasonal, the drainages often consist of isolated pools separated by dry channel segments.  To persist at these low-water periods, fishes and other aquatic species must find refuge in the small pools, and possibly in sub-surface water beneath large boulders in the guts (H. Waddle, personal communication).   At wetter times of year, or when the island is subject to rainfall from tropical waves or cyclones, the guts funnel runoff from the hills to the sea.  

Inland ponds, often brackish or saline, occur in several lowland areas of St. John near the coast.  Those ponds may offer nursery habitat for marine and euryhaline fishes, particularly if there is good connection to the sea.  Fishes can be introduced into even more isolated ponds when they are temporarily connected to the sea during storm over wash.  However these isolated ponds may become less hospitable to fishes over time as salinities rise from evaporation of fresh water.  
Objectives

1. The primary objective of this project is to inventory the inland fishes of Virgin Island National Park.   This will provide geo-referenced information on the relative abundance and distribution of the fishes in stream, pond, and estuarine habitats within the park that can be entered onto the park's GIS system.

2. The data will allow for a comparison of the species composition of the inland ichthyofauna within VIIS with faunas from other sites in the Virgin Islands and elsewhere in the Caribbean.

Methods:

Because my time in the park will be limited, I will attempt to perform extensive point-in-time surveys of all habitats holding fresh and brackish water during each visit.  I anticipate that the project budget will allow three visits to St. John.  I will coordinate the sampling trips with park resource managers by asking their help in emailing me when rainfall has fallen to flood the inland habitats.  The trips will be timed to take advantage of conditions on the island that will maximize fish populations and enhance sampling efficiency.  In any environment with seasonal water regimes, the investigator should sample several times during a water-year to catch changes in species composition and relative abundance.  In VIIS, inventories should be conducted at the beginning and end of wet periods and in the dry season.  To perform a thorough inventory might require a second year of sampling if the initial year occurs during a drought. The annual rainfall in any year is likely to be directly correlated with the kinds of fish present and the degree that the community will develop.  Although it would be interesting to study the sites of dry-season refuge for the fishes, that would not provide the best opportunity for inventorying the fauna.

The primary task requires that I work with the VIIS Resource Management staff to identify the fresh and brackish water systems within the park boundaries, the seasonality of those systems, and the locations of remnant pools and possible subterranean refuges following the wet season.  I will select the sites for extensive fish surveys by examining potentially suitable aquatic habitats from USGS topographic maps and from the VIIS GIS system.  I will also depend on the advice of VIIS resource managers and scientists.  Some sites will have to be excluded, or sampled, during certain times of year depending on their condition or accessibility.  For instance, many freshwater sites will be dry during low water.  Because inland aquatic habitats are limited both in variety and number on St. John, I will attempt to sample all major drainages and pools that serve as inland fish habitat in VIIS.  Some sites will be visited once while others that appear to offer persistent aquatic habitat will be visited on multiple trips.

Each location will be visited for several hours with a team of two people.  We will record each species observed or collected, and will also record GPS coordinates to identify each site for entry into the VIIS GIS system and to allow for repeated sampling.  This will ultimately provide a geo-referenced inventory of fishes within the park.  I will attempt to sample the entire assemblage of fishes within a site.  The natural boundaries of the stream or pool will constrain the area searched, and this will allow us to return to the same place to do repeated sampling.  The exact size of the plot/transect will have to be determined, and it will probably depend on the particular habitat.  The number of sites sampled will depend on the logistics of accessing and collecting at remote sites.

Once potential sampling sites have been identified, I will determine the suite of sampling methods amenable to use in the island's habitats.  No single method will be appropriate for all habitats or all times of year.  The initial sampling trip for this project will involve some testing of the effectiveness of different methods in different habitats.  Because the fishes in inland waters will be marine invaders and tropical peripheral-freshwater (TPF) species that spend their larval lives in saltwater, trapping the influx of post-larvae as they ascend into the streams would be particularly valuable in assessing potential recruiting species.  We will use a time–constrained search in sampling the water body for fishes for a pre-determined amount of time.  Observers must be familiar with the kinds of species to be expected in each habitat and with the habits of the species.  This type of search may also include snorkeling in stream pools and saline ponds.  To inventory fishes living in island habitats, I plan to use several sampling techniques that are effective in stream pools and runs, ponds, and mangrove sites, yet will not harm the fish populations.  Extensive sampling will provide distributional and relative-abundance data for the fishes.  Some sites will be sampled in a repeatable way to provide comparable data for comparison during the course of this short-term study.  The sampling methods will include a combination of passive minnow-trap sampling, drift-net trapping, snorkeling surveys, seining, and possibly angling with tiny baited hooks.  In stream pools and runs, a combination of double-funnel wire minnow traps with wings, seining, and snorkeling surveys should be appropriate.  The minnow traps will collect fish species passively over time, allowing me to collect at more sites within the park than would be possible with only active techniques.  In the mangrove pools, I anticipate using a combination of snorkeling, angling, seining, cast netting, and trapping.  Night sampling with headlamps may also be effective in identifying and capturing fishes.  Small and large bag seines will be used in stream pools and mangrove areas to capture fishes.  Depending on the number and locations of sites, each sampling period would probably require a week to complete.  Small numbers of specimens of each taxon will be preserved as voucher samples to document occurrences and identifications.

We can use these catch data, along with limited mark-recapture data, to estimate the total species richness for a site.  All of these sampling techniques employ some variation of a time or area constraint approach whereby search or trap effort is quantified and results are expressed in catch per unit effort of sampling.  I will explore the use of methods that will account for variation in detection probabilities of the fishes and will estimate not only species richness, but variation as well (Nichols and Conroy 1996).  These methods have also been used to test hypotheses about the factors that affect temporal (Boulinier et al. 1998) and spatial variation (Nichols et al. 1998) in species richness.

In all cases, sampling conditions and the characteristics of the environment/habitat will be recorded.  The date and time, water temperature, pH and salinity, weather conditions, and habitat type will be recorded for each survey.  Climate stations operated by the USGS, EPA/NPS, and NRCS produce data that will be used by this study.
Data Analysis

I will design a data sheet to match the data entry forms in the Excel database.  These forms will use tools and lists to make the entry of field data easy and error-free.  I will design Quality Assurance/Quality Control (QA/QC) guidelines for each step of the inventory.  I will also insure that digital data delivered to the Inventory Coordinator is 100% complete and accurate when compared to the original field data sheets.  I will deliver tables of species found at each sampling location on each date, with the coordinates of each site and any ancillary environmental data.  I will comply with NPS guidelines for data delivery.
Interagency Cooperation

The advice and assistance of the NPS staff at VIIS would aid the successful outcome of this project.  Any VIIS personnel or volunteer help would be of great help in our fieldwork at VIIS.  We can train park staff in the identification of the fishes and instruct the staff in the methods that we find most effective.  We will also advise the staff on those methods that would serve best for monitoring the island’s habitats for fishes.  
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* The salary is added to satisfy a request by the NPS I & M Coordinator that I proofread the EVER Fish Inventory to provide a Q/A for the document.  I estimate that this task should require several days of my time to complete.  
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Qualifications and Research Interests: I have worked in southern Florida national parks since 1976, investigating the composition, structure, and ecology of aquatic communities.  In my work, I have developed several monitoring methods that have been adopted for long-term studies of the communities.  I have performed inventories of the fishes and herpetofauna of Everglades National Park (Loftus and Kushlan 1987, Loftus 2000, Meshaka et al. 2000).  I have also collected freshwater species in the streams and mangrove habitats of Puerto Rico, providing me with familiarity with West Indian island faunas and habitats.  I have long been interested in the group of fishes known as tropical peripheral freshwater species (Myers 1938) that maintain populations in Florida but are the dominant species on West Indian islands.  I have coauthored a number of papers and delivered several presentations at scientific meetings on this group of fishes (Loftus et al. 1984, Gilmore and Loftus 1990, Loftus and Gilbert 1992, and Loftus et al. 1992).  I am very interested in collecting tissue samples or specimens to determine the extent of flow of individuals and genes among the West Indian, Middle American, and Floridian populations.  The collection of genetic material from the Virgin Islands fishes would fit well into this long-term research designed to address the conservation question of whether the Florida populations are self-sustaining or are continually supplemented by fishes from elsewhere in their range. 
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Appendix I

List of fishes expected from the inland waters of Virgin Islands National Park, based on data from St. Croix (Clavijo et al. 1980) and in Puerto Rico (Loftus, pers. observ.).

	
	
	Habitat

	Anguillidae
	Anguilla rostrata
	American eel
	Estuary/Stream

	Belonidae
	Strongylura timucu
	Timucu
	Estuary

	Poecilidae
	Gambusia sp.
	Mosquitofish
	Estuary/Stream

	
	Poecilia sp.
	Molly
	Estuary/Stream

	
	Poecilia reticulata
	Guppy
	Stream

	Syngnathidae
	Micrurus brachyurus lineatus
	Opossum pipefish
	Estuary/ Stream

	Centropomidae
	Centropomus undecimalis
	Snook
	Estuary

	Lutjanidae
	Lutjanus apodus
	Schoolmaster
	Estuary

	
	Lutjanus griseus
	Grey snapper
	Estuary

	
	Lutjanus jocu
	Dog snapper
	Estuary

	Gerreidae
	Eucinostomus spp.
	Mojarras
	Estuary

	
	Gerres cinereus
	Yellowfin mojarra
	Estuary

	Sparidae
	Archosargus rhomboidalis
	Sea bream
	Estuary

	Sciaenidae
	Odontoscion dentex
	Reef croaker
	Estuary

	Mugilidae
	Agonostomus monticola
	Mountain mullet
	Estuary/Stream

	
	Mugil curema
	White mullet 
	Estuary

	
	Mugil liza
	Liza
	Estuary/Stream

	
	Mugil trichodon
	Fantail mullet
	Estuary

	Eleotridae
	Dormitator maculatus
	Fat sleeper
	Estuary/Stream

	
	Eleotris pisonis
	Spinycheek sleeper
	Estuary/Stream

	
	Erotelis smaragdus
	Emerald sleeper
	Estuary

	
	Gobiomorus dormitor
	Bigmouth sleeper
	Estuary/Stream

	Gobiidae
	Awaous banana
	River goby
	Stream

	
	Bathygobius curacao 
	Notchtongue goby
	Estuary/Stream

	
	Bathygobius soporator
	Frillfin goby
	Stream

	
	Evorthodus lyricus
	Lyre goby
	Estuary

	
	Sicydium plumieri
	Sirajo goby
	Stream

	Soleidae
	Trinectes inscriptus
	Scrawled sole
	Estuary

	Tetraodontidae
	Sphoeroides testudineus
	Checkered puffer
	Estuary
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Florida International University, Miami, Florida.  Ph.D. - Biology.  2000.  Dissertation Title: Accumulation and fate of mercury in an Everglades aquatic food web.   

AREAS OF SPECIALIZATION

Ecology of aquatic communities, particularly wetlands; Ichthyology; Endangered species research; Ecosystem restoration; Introduced species biology and ecology; Biological inventory and monitoring planning and implementation; Contaminants in aquatic systems. 
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Principal investigator or manager on eight grants totaling more than $1.5 million from the Army Corps of Engineers, the Florida Department of Environmental Protection, and the U.S. Department of Interior.
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