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Abstract:

This project is a two-part investigation.  The first part examines the trophic position at different life stages of the horseshoe crab (Limulus polyphemus) in Pleasant Bay, MA. The second part examines the spawning behavior of adult horseshoe crabs in the same region. The trophic investigation focuses on stable isotope analysis of juvenile horseshoe crabs as well as possible food items, sediment, and the water column. The reproductive investigation focuses on the spawning behavior of the crabs and will involve transect surveys to clarify mating behavior and any preferences for certain beach conditions.
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OVERVIEW

Statement of issue:


Horseshoe crabs (Limulus polyphemus) are an important species both ecologically and economically. The beaches and mudflats of the Cape Cod National Seashore are favored feeding and spawning grounds for horseshoe crabs and thus ideal for studying the trophic role and spawning behavior of these organisms. Knowing what horseshoe crabs feed upon at various stages of growth is an important part of understanding their life history, and may even provide crucial information about the abundance of their prey organisms as well. Another important parameter in the life history of the horseshoe crab is their fecundity and reproductive behavior. Data on the long-term status of the horseshoe crab population in Pleasant Bay is sparse and of great concern to many parties, including citizens groups, government agencies, horseshoe crab harvesters, and scientists. Understanding which stages or sizes of crabs are most involved in spawning will allow for more accurate predictions of the effects of harvest on the population. 

Literature summary:


The degree to which horseshoe crab abundance and population structure affect coastal food webs is unclear (Clark 1996, Shuster 1999), but various prey items have been identified, primarily benthic bivalves such as Mya arenaria and Gemma gemma. They may also feed upon worms such as Nereis (ASMFC, Botton 1984a, Botton 1984b, Botton and Ropes 1989). Unfortunately these prey items may only be consumed by adults, leaving a question as to what juvenile horseshoe crabs eat. The juvenile diet is not well understood, but they may consume a variety of soft-bodied benthic organisms including worms and small arthropods. The first part of this study aims to validate and clarify their diet and trophic position. 

 In order to understand the relative role each life stage has in the coastal food web we need to know what they are eating. One proven method for determining the position of horseshoe crabs in the local food web is the use of N stable isotopes. The ratio of N stable isotopes become heavier by 3-5‰ with each trophic level, so consumers can be linked to their food supply (Petersen and Fry 1987, Cabana and Rasmussen 1994, McClelland et. al 1997, McClelland and Valiela 1998)

Horseshoe crabs typically spawn in calm shallow embayments during the nighttime full and new moons of the summer, with peak spawning during May and June (Rudloe 1980, Shuster and Botton 1985). Males arrive 1-2 hours prior to high tide and may remain on the beach for up to two hours afterwards (Shuster 1998). Females arrive soon after the males, often with a male already gripping her in amplexus (Shuster 1982). There may also be satellite males present attempting to fertilize eggs as well (Sekiguchi 1988). The female digs a nest in the sediment and deposits eggs to be fertilized, then returns to deeper water (Brockmann 1990, Shuster 1996). 

Spawning populations are well-studied by both scientific professionals as well as volunteers through regular spawning surveys, but these studies often omit information on the non-breeding portion of the population and are naturally biased towards mature males, which are often far more abundant than females during spawning periods (Sekiguchi 1988, Shuster 1982). The second part of this study encompasses all horseshoe crabs present in the study area in order to add to the general population data pool as well as the data on spawning individuals.

Scope of study:


This study will encompass the fields of estuarine ecology, population biology, and animal behavior, and will take place within Pleasant Bay in Chatham and Orleans, MA. The research to be conducted within the Cape Cod National Seashore will be in the area of Nauset Beach and Sipson Island, at approximately 41.749( N, 69.936(W along 500 meters of shoreline.  

Intended use of results:


The results of this study will be used in the final projects of two summer REU (Research Experiences for Undergraduates) interns, to be presented at the Marine Biological Laboratory General Scientific Meetings. Data will also be integrated into a doctoral dissertation.

OBJECTIVES/HYPOTHESES TO BE TESTED


Our objective for the first part of the project is to clarify the trophic position of juvenile horseshoe crabs by determining whether crabs from different cohorts have different food preferences. We expect that larger crabs consume primarily bivalves while smaller crabs consume soft-bodied benthic organisms.

Our objective for the second part of the project is to discern any patterns in horseshoe crab spawning behavior, such as mate choice scaling with size, differences in location choice by females of different sizes, and prevalence of satellite males.

METHODS

Description of study area


This study will be conducted on the mudflats of the eastern shore of Pleasant Bay, near Nauset Beach, specifically the area across from Sipson Island around 41.749( N, 69.936(W. This area consists of sandy mud bordered by salt marsh.

Procedures

For the first project, samples will be collected for stable isotope analysis. Two water samples will be collected in 1-liter bottles using a water sampler. Sediment samples will be collected using truncated 10cc syringes (3 samples total, each approximately 5 cc’s). Three benthic samples, each containing approximately a liter of sediment and associated infauna from the top 5 centimeters of the benthos will be collected with small shovels and stored in gallon Ziploc bags. We will also survey for the presence of any invertebrates that may be food items for horseshoe crabs (worms, bivalves, isopods, amphipods) as well as juvenile horseshoe crabs. Food items will be collected in separate small Ziploc bags, and no more than 5 individuals of a species will be taken.  5 juvenile crabs each from cohorts 1-10 (less than 45mm prosomal width) (Carmichael et al, submitted) will also be collected if found. Larger crabs (45-190mm) found will only have a leg tissue sample taken, and no more than 5 total. 

For the second project, we will run 25 meter transects parallel to the beach during the two hours prior and two hours following the high tide. Within each transect extending out to 1-meter depth or 300 feet, whichever comes first, we will survey for adult horseshoe crabs, focusing on pairs. All crabs found will be measured (prosomal width) using a ruler or tree calipers, sexed, and their association with other crabs described (single, satellite male, swimming pair, nesting pair). 

Collections

The following will be collected from the study site for stable isotope analysis:

2 1-liter water samples

3 5cc sediment cores

3 1-liter bags of benthos

No more than 5 individuals (if large) or enough tissue for a 1 gram sample (if small) of each of the following possible species: bivalves (Gemma gemma, Mya arenaria, Mytilus edulis, Mercenaria mercenaria, Modiolus modiolus, Ensis directus), worms (Pectinaria gouldii, Ampharete sp., Nereis virens Nereis succinea), gastropods (Busycon canaliculatum, Littorina littorea, Hydrobia sp., Lunatia heros) amphipods (Gammarus mucronatus, Gammarus oceanicus, Caprella sp.), isopods (Idotea baltica, Edotea triloba)

5 juvenile horseshoe crabs from each cohort 1-10 (2-45mm prosomal width)

5 tissue samples from crabs (45-190 mm prosomal width)

Analysis
For nitrogen stable isotope analysis the samples will be dried in a drying oven, then approximately 3mg of sample will be packed into tins for analysis of nitrogen isotope ratios. The analysis itself will be done at the UC Davis Stable Isotope Facility. Once the data is received the differences in isotopic signature will be compared to determine which organisms are within which trophic level and correspondingly, which organisms each stage of crab feeds upon. 

The data collected on spawning behavior will be analyzed for patterns correlating size of crab with mate choice, depth and location along the beach, and number of pairs and satellite males.

Schedule

Both studies will begin on June 17th. The research for the trophic study will be completed on July 9th. The research for the spawning survey will be completed on August 2nd.  The spawning survey will be conducted from two hours before through two hours after the daytime high tide on the day prior, the day of, and the day following the full, third quarter, new, and first quarter moon phases. Samples for the trophic study will be taken during low tides as needed. Analysis of samples and data will be concurrent to their collection, and the final reports will be completed by August 17th.
Budget

All funding comes from the REU grant and is used for intern stipends and field supplies.

PRODUCTS

Publications and reports

This study will result in two short papers for the MBL Biological Bulletin that will be presented at the Marine Biological Laboratory General Scientific Meetings. The data collected may also be used in future papers and a doctoral dissertation. 

Collections

All samples collected will be used for SI analysis and will be destroyed during analysis.

Data and other materials

The primary result of these studies will be data that will most likely be used as preliminary or accessory data to larger studies. There will also be presentations on each of the projects at the Marine Biological Laboratory General Scientific Meetings.
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SPECIAL CONCERNS

Safety

Not applicable

Access to study sites


Study sites will be accessed via the Nauset Beach Off-Road Vehicle road approximately three times a week using a vehicle outfitted with all required safety equipment according to regulations. Travel within the study site will be solely on foot.

Use of mechanized and other equipment

Not applicable

Chemical Use

Not applicable

Ground Disturbance

Three 5 cc sediment samples and three ~1 liter samples from the top 5 cm of benthos, distributed throughout the entire study area.

Animal Welfare

Not applicable

NPS assistance

Not applicable

Wilderness “minimum requirement” protocols

Not applicable
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