A biochemical analysis of developing eggs of the American horseshoe crab, Limulus polyphemus from the Delaware Bay and Gulf of Mexico.
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Introduction

The American horseshoe crab Limulus polyphemus (Linnaeus 1758) is one of the few surviving species of Merostomata (suborder) Xiphosura.  These “living fossils,” so called because of their extreme conservatism in evolutionary terms, have an external morphology that has remained relatively unchanged for the last 150 million years or more (Brusca and Brusca 2003).  

The horseshoe crab can be found along coastlines of the Atlantic and Gulf of Mexico, typically inhabiting estuaries and coastal areas with pronounced tides.  Horseshoe crab spawning activity and egg hatching periods coincide with tidal patterns and lunar cycles (Barlow et al. 1986, Hassler and Brockmann 2001).  During the high tides of spring and early summer new and full moon phases, thousands of horseshoe crab pairs can be found on beaches along the Delaware Bay and Gulf of Mexico building nests and depositing fertilized eggs in the sediment.  Females bury themselves near the water’s edge and lay a series of egg clusters that are fertilized by a male (Penn and Brockmann 1994).  The eggs develop in the sand for approximately three to four weeks before hatching as a euproöps larva (Kingsley 1892, 1893, Sekiguchi 1988).

Concurrent with the horseshoe crab spawning activity in the Delaware Bay, thousands of shorebirds gather along coastlines of New Jersey and Delaware.  The Delaware Bay is a vital stopover site for shorebirds to feed and rest because food is often scarce during migration (Clark et al. 1993).  Exhaustive foraging occurs on horseshoe crab eggs in these areas by shorebirds (Botton et al. 1994).  Tsipoura and Burger (1999) determined that migrating shorebirds significantly increase their body mass during a three-week period of stopover in Delaware Bay and that horseshoe crab eggs make up a significant portion of their diet during this time.  Because horseshoe crab eggs seem to be an important resource for shorebird migration, information regarding to the biology of horseshoe crab eggs is an essential component of shorebird management.  

Very little research has been conducted on horseshoe crab egg biochemical composition.   Castro et al. (1989) analyzed ash content, lipid content and nitrogen and carbon content of horseshoe crab eggs collected from Delaware beaches but the developmental stages were not identified in the eggs examined.  No studies have been conducted on horseshoe crab eggs collected from the Gulf of Mexico.  

The purpose of the present study is to determine the biochemical content of fertilized horseshoe crab eggs in order to determine differences in composition during different developmental stages.  I will also determine potential differences in composition between eggs from the northern Gulf of Mexico and eggs collected from the Delaware Bay.  The two hypotheses to be tested in this proposed study are that there will be differences in the biochemical composition of embryos during different developmental stages and that there may be differences in biochemical composition of embryos from different collection sites.

Horseshoe crab eggs from beaches in study sites will be collected and maintained in the lab for biochemical analysis during the various developmental stages.  Adult horseshoe crab individuals will also be collected and maintained briefly in the lab as a source of fertilized eggs; artificially inseminated embryos will be reared in the lab and analyzed throughout course of development.  Biochemical analysis will determine lipid, protein, carbohydrate, dry weight and ash content at ten different stages during embryo development.

Materials and Methods

Collection


American horseshoe crabs, Limulus polyphemus, and horseshoe crab eggs will be collected during the 2003 spawning season from beaches along the Gulf of Mexico and Delaware Bay.  Possible collection sties in the Gulf of Mexico include Horn Island, Mississippi and Pensacola, Florida; Delaware Bay horseshoe crabs and eggs will be collected from beaches in Cape May, New Jersey.

Collection times will be determined by horseshoe crab peak spawning times in the two areas.  In New Jersey, peak spawning events occur at high tide several days prior to and just following the new and full moons during May and June (Smith and Bennett 2003).  Delaware Bay horseshoe crab surveys from the last several years show a high number of spawning individuals along New Jersey beaches in Cape May County so collection will take place along beaches in this county (Smith and Bennett 2003).  Collections will take place in the Delaware Bay during peak tides (as predicted by NOAA tide tables) during the three days prior to, during and following the new and full lunar phases of May and June 2003.  Horseshoe crab and egg collection will also take place along shores of Horn Island, Mississippi during this period.  Collections will be coordinated with peak tide levels (as predicted by NOAA tide tables) and new and full moon phases; in 2003 full moons will occur May 15th and June 14th, and new moons on May 30th and June 29th.

Two to three spawning adult females and two to three spawning adult males will be collected by hand from all locations.  A handheld GPS monitor will locate the precise collection location for the later return of all male individuals.  At each collection location, a small incision will be made on the inside of the prosoma of all females in order to check for the presence of eggs.  Incisions will not result in any harm to the horseshoe crabs; subsequent molting will heal all breaks in the carapaces of affected females (Ehlinger, personal communication).  Manual stimulation of male gonophores will ensure the presence of male gametes in all collected males (Ehlinger, personal communication).

Horseshoe crab eggs will be collected and separated from the sand using hand shovels and sieves as well as by using kick nets; protocols suggested by Hassler and Brockmann (2001) will be tried.  Mating pairs will be identified and their location marked using a handheld GPS monitor.  Upon return a short time later when the tide has receded, the newly fertilized eggs can easily be located and removed.  Egg clusters will be collected in plastic 50 ml Falcon centrifuge tubes with fresh seawater.  Approximately 1,500 eggs will be collected from all sites.  This represents less than 1% of the total eggs spawned by one individual (Shuster and Botton 1985).

Environmental variables will be measured from all collection sites.  Surface salinities, sand temperature and surface water temperature will be measured using appropriate equipment and methods.

Artificial Insemination


Once collected, horseshoe crabs will be labeled with small plastic strips superglued on the carapace to identify individuals.  Crabs then will be transported to the Gulf Coast Research Laboratory, Ocean Springs, Mississippi where adults will be maintained in tanks containing seawater with ambient salinity to their natural environment.  Fertilized eggs will be obtained by artificial insemination using the protocols of Ehlinger (2002).  Sperm will be collected from males by manual stimulation of the operculum and incubated with eggs collected from the ovaries of females.  Since embryos from only two to three successful fertilizations are needed, females will be sacrificed one by one to minimize loses.  Any remaining females will be returned to the exact spot of collection.  Evidence of cleavage and gastrulation will indicate successful fertilization.  Embryos collected from the field and those produced as a result of artificial insemination will be cultured using procedures set forth by Brown and Clapper (1981).  Adult males will be released at original collection sites following experimentation.

Biochemical Analysis


Aliquots from 60-100 eggs will be taken every other day from the developing eggs from each collection site.  Each aliquot will be stored in seawater at -80(C in a small, labeled screwcap plastic centrifuge tube until biochemical analysis can be performed.


A modified Lowry method (Hartree, 1972) with bovine serum albumin (BSA) as the standard will be used to measure protein.  The protocol of Dubois et al. (1956) will be used to analyze carbohydrate.  This method uses glucose as the standard. Total lipid will be extracted according to Sasaki and Capuzzo (1984), which uses a combination of Folch et al. (1957) and Bligh and Dyer (1959); total lipid will be determined gravimetrically.  Dry weight and ash weight will be measured according to Paine (1971).  Drying samples at 80(C in a laboratory oven to a constant weight will determine dry weight.  The dry samples then will be ashed overnight at 500(C in a muffle furnace to determine ash weight.  Weights will be determined using a Cahn C-31 microbalance.  All analyses will be conducted in triplicate.

Environmental Impact of Collection


Collection of horseshoe crabs and their eggs will have little impact on environmental conditions at these sites.  All adult males collected will be returned to original collection sites immediately following experimentation.  Although at least two and at most six adult females will be sacrificed, detrimental effects of collection will be limited due to such low numbers.  Collection of eggs will also have very little impact; the relatively small number of eggs that will be collected in the study (~3,000) is miniscule compared to the many thousands of eggs deposited by individual females during each spawning event; Shuster and Botton (1985) estimated that an individual female may lay up to 80,000 eggs in one spawning season.

Furthermore, the small number of eggs collected will have little impact on horseshoe crab populations compared to natural predation.  Castro et al. (1989) determined that huge numbers of horseshoe crab eggs are wasted when consumed by shorebirds because shorebirds have a difficult time digesting the resistant outer cuticle; many eggs pass straight through the birds’ digestive systems without being assimilated.  Although some previous studies have suggested possible declines in spawning horseshoe crabs in the Delaware Bay, surveys conducted from 1999 to 2002 indicate a stable spawning population in the Delaware Bay (Smith and Bennett 2003).   This study will have minimal impact.  Overall, Information gathered from this study will provide valuable basic biological data for future protection and will be valuable for ecologists in the study of horseshoe crab biology and reproduction.
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