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PREFACE

he horseshoc crab, Limslus polyphemus, is of economic, saentific, and ecologi-

cal importance. Its blood has important biomedical applications, and it is used

as bait in several fisheries in the Mid-Artlantic region. Horseshoe crab eggs are
a primary food source for migratory shorebirds along, the castern flyway.

Census and trawt surveys suggest that the Delaware Bay population has declined
in recent years. The decline may be related to fishing pressure, but the population
dynamics are not well understood. Currently, there is no coordinated effort to con-
duct stock assessment, and inaction may lead to further stock reductions.

On February 23, 1996, The Horseshoe Crab Forum — Status of the Resource was
held at the Virden Center of the University of Delaware’s Hugh R. Sharp Campus
in Lewes. Organized by the University of Delaware Sea Grant College Program, the
forum’s goals were to develop a consensus on the status of the horseshoe crab and te
identity short-term research priorities.

‘The forum was unique because it brought rogether for the first time all of the
groups who have an inrerest in horseshoe crabs — state and regional fish and wild-
life managers, scientists, and representatives of key stakeholder groups, including
the pharmaceutical industry, fishing industry, and environmental groups. Eighty-one
invited participants attended.

The objectives of the forum were to (1) develop consensus on the status of the
horseshoe crab in the Mid-Atlantic region, (2) determine information needs to better
manage the resource, {3) identify research priorities for the University of Delaware Sea
Grant College Program, and (4) build partnerships among resource agencies, research
institutions, industry, and environmental groups.

Forum presentations focused on the life history, population dynamics, and distribu-
tion of Limufus; shorebird predation on horseshoe crab eggs; an overview and trends
of horseshoe crabs in the Mid-Arlantic fishery; pharmacology opportunitics; and stock
assessments for Delaware, New Jersey, and Maryland. Work groups met separately to
address forum objectives. Their reports, which are included in this volume, draw con-
clusions on the status of the resource, outline what we still need to know, and identify
the next steps that need to be aken,

The luncheon speaker, Dr. James F. Cooper, President of Endosafe, Inc., Charleston,
South Carolina, provided a brief overview of the Limufus Amoebocyte Lysate (1LAL)
industry and related the importance of the Limulus base assay to the biomedical
industry. Endosafe, Assaciates of Cape Cod, and BioWhittakes, the three major
manufacturers of LAL in the United States (cach company was represented at the
forum) harvest horseshoe crabs from three major arcas along the Atlantic coast —
Cape Cod, the Virginia coast from Chincoteague to Wachapreague, and from
Charleston to Beaufort, South Carolina, Limulus Amocbocyte Lysate is obtained
from the blood cells of the horseshoe crab. The animals are bled (approximately 20%
of blood volume) and returned unharmed to the ocean, as prescribed by Food and
Drug Administration regulations.



Growth of the LAL industry is about 5% per year, but improved efficiency of test-
ing methods has kept harvest levels at less than 200,000 animals annually, The LAL
in vitro test, which provides great simplicity, sensitivity, and specificity, replaced a diffi-
cult animal assay. The test is used to detect endotoxins associated with gram-negative

bacteria and is accepted wotldwide as one of the key methods to test acceptability
of a drug product for injection drug therapy.

1 am gratefu! to Dr. Carl Shuster for preparing the introductory chapter to this
volume, which is a consolidation of data on the abundance and distribution of adult
horseshoe crabs in Delaware Bay and nearby offshore waters from 1850-1990.

Dr. Shuster is a world-renowned expert on horseshoe crabs, having observed,

pursued, counted, and studied Limulus polyphemus since he was first introduced
to them in 1949. On behalf of all forum participants, [ would like to thank Carl,
not only for his considerable contribution 1o this volume, but for his willingness
to share, with all who inquire, the invaluable data on horseshoe crabs that he has

compiled so meticulously for so many years. His work has aided us alt in our under-
standing of Limildus polyphemus.

‘The active participation and valuable input of our audience added immcasurably to
the success of this forum,

Joseph . Farvell
Marine Resource Management Specialist
University of Dielaware Sea Grant Marine Advisory Service




Abundance of Adult Horseshoe Crabs,
Limulus polyphemus, in Delaware Bay, 1850 -1990

by Carl N. Shuster, Jr.,
Virginia Institute of Marine Science

Introduction

Historically, Delaware Bay has been the site of the largest
spawning population of horseshoe crabs, Lintwlus polyphewmats,
along the Atlantic coast of North America, Beyond death
due to old age and other natural events, such as an occa-
sional storm (especially during the winter} casting tons of
horseshoe crabs onto ocean and bay beaches, the major
cause of horseshoe crab death has been their harvest for a
varicty of human ases. Native Americans used horseshoe
crabs and fish for fertilizer, a practice that the English
colonists followed. By the middie of the nineteenth century,
millions of horscshoe crabs were being harvested annually
from the shores of Delaware Bay and clsewhere for tertilizer,
with some being used as food for livestock and poultry.

This paper consolidates information on the abundance
and distribution of adult horseshoe crabs, Limslus poly-
phemus, in Delaware Bay and nearby offshore waters from
1850 — 1990. The earliest reports, begioning in the 1850s,
are based on the quantities harvested from the bay shores.
Even in the 1870s, at least 4 million adults were collected
cach year. More recently, from about 1949 onward, data
have been accumulating on the abundance and distribution
of harseshoe crabs on the continental shelf,

Except for Cook (1857) and Smith {1891), commercial
fisheries harvest data recorded by U.S. fisheries agencics
provide most of the information on the former abundance
of harseshoe crabs in the bay. From harvests of over 4 mit-
lion adult crabs per scason in the 1870s, the population
remained at around 1.5 million from the 1880s through
the 1920s. Then, from the 1930s, the population declined
steadily each decade until the 1960s (Table 1).

The next published account of the abundance of horse-
shoe crabs was based on their spawning intensity in the
late 1970s (Shuster and Botton 1985}. Studies by volun-
tecrs and state agencies since 1989 are reported elsewhere
in this volume. Unpublished information collected by the
author during the 1950s is included in this paper.

Current interest in the size of the horseshoe crab popu-
lation in the Dclaware Bay arca arises from the tollowing:
(1) the fact that Limulus eggs attract migratory shorebirds;
(2) a decrease in the spawning population due to increasing
harvests of the crabs, especially of the egg-laden females;
(3} changes in the shoreline and attendant decreases in
prime spawning habitat, especially the sandy beaches, due
to erosion and counter measures such as the construction
of groins and bulkhcads; and (4) an extensive bair fishery.

It has been the use of horseshoe crabs as bait in the cel
and conch fishenes, along with the resurgence of the crab
population since the 1960s, that has led to increasingly
heavy annual harvests of these crabs from Delaware Bay and
the contnental shelf. In addition to resident fishermen thar
dredge in the bay, fishermen from several states have arrived
in increasing numbers on the shores of Delaware Bay during
spawning season to collect hotseshoe crabs. Since the cpg-
laden females are the targer of these fishermen, questions
have been raised on the effect of the sex-biased fishery on

TABLE 1

Estimates of Abundance of Adult Horseshoe Crabs in
Delaware Bay Based on Harvest and Spawning Data

Years

Decade |of Data | New Jersey | Delaware | Total
1871 1 3,400 900 4,300
1881 4 1,333 360 1,693
1891 4 819 412 1,231
1901 3 1,098 728 1,826
1911 0 - - -
1921 4 1,309 254 1,563
1931 8 681 110 791
1941 8 258 28 286
1951 6 115 - 115
1961 2 42 - 42
1971 1 225 49 274
1981 i 748 175 923
1991 5 155 267 422

Notzs: Average annual harvest per decade, 1871-1961 {compited by
Shuster and Botton 1985; based on data from Fisheries Seatistics of the
United States). Average annual peak spawning per decade, 1471 -1991
{based on Shuster and Botton 1983; Firui et al. 1991; and Swan et 2.
1992, 1993, 1994, this volume}, Although the dara sers are estimatcs
of two diffcrent entitics — harvest and spawning peaks — the link
between them is spawning since most of the crabs were hand-harvested
from the beaches while spawning or were captured in pound nets while
coming, inshore 1o spawn. Also, the harvest data represent catches for
an entire spawning season, but the spawning data are only estimates of
peak spawning activity. Nevertheless, it can be arpued that the two data
sets are representative of the same magnitude of crabs since the spawn-
ing surveys (1971, and 19901993} were baywide, while crabs were
not haevested from all spawning areas (decades of 187119611 Thus,
this table probably roughly represents rends in homeshoe crab abun
dance in Delaware Bay from the 1870s to the 1990s.
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the Delaware Bay horseshoe crab population. Just when
horseshoe crabs were first used in the cel fishery is not
clear, but it has been known, at least from Warwell (1897),
that ecls feed upon Limulus eggs even as they are being laid;
this was probably already known to watermen. This writer
learned firsthand in the 1950s of the use of horseshoe crabs
to catch ecls in the Navesink River (Raritan Bay), New
Jersey; the Miles River {Chesapeake Bay), Maryland; and
the Barrington River (Narragansett Bay), Rhode Island.

Abundance Records (1850s-1960s)

By the middle of the nineteenth century, at least 4 mil-
lion horseshoe crabs were being harvested annually during
their spawning season on the Delaware Bay shoreline. At
first, harvesting occurred directly from beaches; pound nets
were introduced in New Jersey in 1870. The crabs then
were fed to livestock or stored in pens (Figure 1) or stacked
like cordwood until utilized for fertilizer (Figure 2). The
lack of extensive intertidal fats in Delaware prohibited the
use of pound nets; all harvests there were by hand-collecting,
which may explain, at least partly, the lesser numbers of
horseshoe crabs captured by Delawareans (Table 1).

The use of dricd, ground Limulus polyphemus for fertlizer
was reported by Cook (1857). His observations on harvest-
ing are the oldest known records of the abundance of adul
horseshoe crabs in Delaware Bay (repeated by Rathbun
1887; Fowler 1908): “The Bay-shore of this county {Cape
May] is remarkable for the immense bumbers of this animal
(Polyphempus occidentalis, or Limulus polypherus of the natu-
rakists) which frequent it. At the season for depositing their
cggps, which is in the Jatter part of May and in June, they
come on shore in almost incredible numbers. The whobe
strandd for many mikes is covered with them — sometimes
two or three deep. Mr. Thos. Hughes, of Town Bank, savs
that on his shore of one hundred rods [503 m| he could
get 100,000 in a week; 750000 were tiken on about a halt

mile [0.8 km] of the strand a year since (1855}, and this year
(1856) 1,200,000 were taken on about a mile [1.6 km].”

Within 30 years, however, Richard Rathbun (1884) wrote
that the horseshoe crabs in Delaware Bay were “very much
Jess abundant now than formerly, on account of so many
having been caught from year 1o year for usc as fertilizer.
It would appear as though a few years more of indiscrimi-
nate capture would result in their being entirely extermi-
nated from the region.” By 1887, Rathbun again reported
ever-decreasing numbers: “Horseshoe crabs are becoming
constantly less abundant in Delaware Bay, owing to the
practice of capturing, so far as possible, every individual
that comes upon the shore.”

Shortly thercafier, Smith (1891) speculated that “it
seems probable that before long the decimation will
become so pronounced that the profitable prosccution
of the fishery will be impossible; then it is hoped that the
cmployment of the destructive forms of apparatus will
be discontinued and the crabs given an opportunity to
multiply unrestrictedly for a few years at least. ” He also
obscrved that the diminution in the abundance of the
crabs was due chiefly to the capture of the crabs during the
spawning season, usually before they reached the beaches to
spawn. The “apparatus of destruction” was the pound net.
According to Earll (1887), the pound net was introduced
in about 1870, and by 1880, nine of them were in opera-
tion in New Jersey. By 1890, there were 108 pound nets
and weirs (Smith 1891). A survey of the coastline of Cape
May County in the 1930s recorded 19 pound nets (Works
Progress Administration, 1935-36). Only a few pound
nets were still constructed in the 1960s (Shuster MS),
Although pound nets had ro be built annually, mainly due
1o remaoval by ice loes, their utility over hand-collecting lay
in the Jonger period of time they caught horseshoe crabs
and, then, could be tended during daytime low tides.

smith (1891) identificd the hshing centers of the Dela-
ware Bay horseshoe crab fishery {see Figure 3). His list of

Fiqure 1. View of a larqe holding pon for barseshor crabs on the
Delaware Bay shore of New Jersev (from Fowler 1908). Tins pon,
estimated as possibly 1.8 m high by 3 mowide by 24 mr long, conld
bold over 18,500 aduit borseshor crabs, Harvested barseshoe crabs
weve stared in many such pens, of all stzes, sentdl veady for processing
mta fertilizer

Figure 2. Hovseshioe crabs barvested from Bowers Beach, Deloware,
were stacked o g marsh bank until taken o a ferriicer factory,
possibly at Barkers Landing. The number of borseshoe erabs can
almost be connted. This scene may beve been on the St Jones River;
neither the acenal site nov the veen bave been identified. Photogra ?},
conrtesy of Delnware State Arvchives, fune 1924, '
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“centers” is confusing at first, because he named natural
landmarks and the infand towns from which the fishermen
came rather than the harvest sites. His northernmost point
on the New Jerscy side of the bay was the town of Heisler-
ville about 2 miles due north of Thompsons Beach. The
major “centers” between there and Cape May Point were
Ewing Neck, West Creck, East Creck, Dennisville, Goshen,
Dias Creek, Green Creek, Fishing Creek, and Town Bank.

About seven-cighths of the entire carch was taken herween
Dennisville and Fishing Creek, inclusive. in 1890, about
three-fourths of the yield was taken in the vicinity of
Goshen, Dias Creek, and Green Creek — 335,000
410.,000; and 411,000 crabs, respectively. The catch ar the
extremities, Heisterville and Town Bank, were much smaller,
varying from 10,000 to 30,000. Horseshoe crabs were gath
ered by hand at Bowers Beach and viciniry in Delaware; the
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TABLE 2
Horseshoe Crab Spawning Activity from
21 May through 11 August 1951 on the Cape May
Shore in the Vicinity of Highs Beach, New Jersey

Single Crabs
Date Pairs Males Females | Location
11 8 b tidal flats
21 May 0 8 [ tidal flats
22 May 6 3 0 BEACH
23 May 7 O 4 tidal flars
7 fune 17 6 2 tidat flats
8 June 11 4 2 tidal fats
9 June 4 4 2 tidal flats
13 June 3 0 i tidal fats
14 2 & tidal flats
2 5 1 tidal flats
3ol BT S P T | Beacw
16 June .
] 34 163 1 BEACH
20 June 0 1 2 tidal flats
0 0 2 tidal flats
21 June 0 3 2 tidal flats
22 June 0 4 2 tidal flars
11 3 0 tidal flats
1 3 | tidal flats
} 5 0 REACH
24 101 4 BEACH
23 june 1 1 6 tidal fats
27 June 7 47 6 REACH
29 June 23 63 0 BEACH
9 14 14 tidal flats
S July 1 3 3 tidal flats
6 July 3 10 3 REACH
7 huly 1 0 0 REACH
11 July 5 12 3 REACH
4 { 8 tidal flats
12 July 0 7 3 BEACH
3 37 3 tidal tlats
13 Tuly 2 i 0 BEACH
7 14 2 REACH
14 July 1 4 i REACH
18 July 0 4 I vidal flats
2 5 3 tidal tlats
I July 1 17 3 tidat tflars
6 0 tidal flats
20 July { 5 1] BEACH
P 4] 3 ticdal Hats
21 Taly 17 20 15 tidal Mars
24 [uly L1 17 2 tidal flats
27 July 1 3 1 BEACH
13 44 X ticdal Nats
4 August 4 4 | BEACH
7 August 1 5 5 tidal flats
T Augus 1 5 1 tidal flats
SUMMARY
30 rps 198 271 117 tidal flats
18 tripsy 140 493 30 BEACH
48 wrips 338 764 147 total hesrse-
show crabs
lotal males - 1,102 fon BEACGH = 633; on ridal tlars = 469
Total females = 485 [on REACH = 170; on tidal tlats =313)

i Notes: Counts were made during walks from a cortage just ofl

m:i?‘;;:::: R‘F‘:‘d to the New ]%-rsc_v (),\'snl:r Rc.w_carch Ifabt matory,

tidal flat Cllu;1:- ‘-'l} twey r(?und rips 4 dav. Spawnmg,l[BI—,,’\(_.H] and

v woae cilh.;: WETe possi blc on only 48 ui. those trips, when the water
near or at high ode or low tide.

1890 catch was 275,000 crabs. Even as late as 1924, large
numbers of horseshoe crabs still were being taken at
Bowers Beach, Delaware.

Nadir of Abundance {1940s — 1970)

Exactly when the horseshoe crab population spawning
on Delaware Bay shores was at its lowest level, between
the 1850s and today, is not known. It appears, however,
that the nadir in spawning was reached berween the years
1940 and 1970, prabably during the 1950s and 1960s.
The commercial-scale harvesting of horseshoe crabs (which
were also known as “king crabs”) ceased in the 1960s
when the last plant using king crabs in fertilizer products
for the home owner stopped using horseshoe crabs in
favor of blue crabs. The main reason to switch from a2 meal
made from horscshoe crabs to one made from bluc crabs
(made elsewhere from shucking-house offal) was because
of the complaints from new inhabitants in the vicinity of
the fertitizer plant. The complaints were due to the awful
stench that emanated from decaying horseshoe crabs. In
the beginning, the plant had been in a remote, rural area
where the stench had not been that much of a public
problem. Since the U.S. Burcau of Commcrcial Fisheries
stopped collecting horseshoe crab harvest data in the
1960s, atmost concurrently with the cessation of the use of
horseshoe crabs in fertibizers, the harvest data cannot be
interprered strictly as an indication of a lack of crabs.

There are only scattered bits ot informacion (from the
beaches and the benthic zone inside and outside Delaware
Bay) during this period, but altogether they provide a rough
idea of the abundance and distribution of horseshoe crabs.

On the Beaches

* Milne and Milne (1947) reported that a stretch of Cape
May beach yielding only 150,000 crabs annnally was the
samie arca where 500,000 crabs were harvested annually
only a decade before.

* In 1949, when Dr. Thurlow C. Nelson of Rurgers Univer-
sity introduced me 1o the horseshoe crabs of Delaware Bay,
Ijorred down a few notes on Lissfus activity in the vicinity
of Highs Beach, New Jersey. On 7 May 1949, 437 crabs '
were on a 600-m strand in the early morning, near dawn
{high water at 0355 hours; full moon on May 12): 79 sin-
gle males, 267 males in maring groups with 91 females.

& In 1951, on 5 May, during high tide in the vicinity of Highs
Beach, just before midnight, some 429 horseshoe crabs
were counted on a 600-m strand just south of the 1949
sighting: 71 single males and 230 males in mating groups
with 128 females. The incidence of harseshog crabs in this
same area, from 21 May to 11 August, is given in Table 2,
These observations (Shuster, unpublished ), the oaly known
data trom that pericd at a specific sire, are indicative of the
low numbers of crabs spawning in the arca, They are cited
for comparison with more recent data (Table 3).



TABLE 3
Peak Numbers of Horseshoe Crabs Observed
During Surveys of Spawning Activity, 19491995,
at Highs Beach, Cape May, New Jersey

Number of
Year Horseshoe Crabs Data Source
1949 7 Shuster
{unpublished)
1951 7 Shuster
{unpublished)
1977 150-250 Shuster &
Botton (1985)
1990 440 Finn et al. (1991}
1991 28 Swan et al, (1992
1992 162 Swan et al. {1993)
1993 70 Swan et al. {1994)
1994 76 Swan et al.
(unpublished)
1995 86 Swan et al.
{this volume)}

Nete: Because the length of the beach strand surveyed varied trom

12 fermnales {widths from 15.0 — 24.0 ¢m; average =
20.5 ¢m; some of the smaller females probably were
immature bur that is not always casy to determine).

¢ On 16 Scprember 1955, four males and two females and
three or four exuvia were taken in a small, hand-operated
traw] trom the University of Delaware boat, Acartia, from
Old Bare Shoal directly east of Mispillion River Inlet.

@« On 13 December 1955, Booth was on the American
Beauty, which caught only one female horseshoe crab in
a total of five tows berween Bare Shoal and Hawks Nest
{a shoal east of Bowers Beach, Delaware).

& On 7 August 1957, Booth was on Capt. Petersen’s
boat dredging for conch (location not given, but most
probably in the lower part of the bay). During the day,
147 horscshoe crabs were caught and Booth measured
their prosomal widths: 115 were females (ranging
214357 mm in width; average = 277 mm) and
32 males (201 —254 mm; average = 228 mm).

Continental Shelf
& On 10 October 1955, Richard A. Booth reported that

year to year, all data have been transformed to numbers of crabs per
10 m of beach strand for easier comparison.

& On 26 and 27 June 1953 and in 1954, Shuster {1955)

adult horseshoe crabs up to 12 in. {30.5 em) wide were
abundant in 50-60 ft. (15.2-18.3 m) of water south-
east of the then Overfalls Lightship and had been so for
at least the prior week.

measured the prosomal widths of 102 males (range =
178 258 mm; mean = 218 mm) and 56 females {range =
243 - 351 mm; mean = 291 mm) in the vicinity of Highs
Beach, New Jersey.

On 2 and 4 May 1955, Richard A. Booth reported that
large numbers of horseshoe crabs were taken by beach
haul seines at Slaughter Beach, Dclaware. Scining was
conducted beeween 2200 to 2400 hours under a full
moon. Booth noted that hundreds of horseshoe crabs
were spawning in a half-mile stretch, mostly in pairs, but
that there were some groups with two or threc males per
female. The fishermen told him that the greater concen-
eration of horseshae crabs was along the southern side of
the Mispillion River Inlet where a sandy beach had accu-
mulated against the jetty.

On 29 May 1961, Shuster et al. {1961 MS) collected

100 mated pairs from Slaughter Beach, Delaware, between
2200 and 2400 hours during a full-moon high tide. Proso-
mal width measurements were as follows: females (range =
245-350 mm; mean = 285.6 mm}); and rnales (range =
190 260 mm; mean = 219.6 mm). The beach strand from
which the crabs were collected was about 100 m long and
had a total of abour 1,000 spawning horseshoc crabs.

Benthic Zone of Delaware Bay

# On 14 March 1955, Booth recorded horseshoe ¢rabs

caught by Capt. Parsons on the Thelma Dale in the lower
portion of the bay during three dredge tows for blue crabs:
several immature specimens and 18 adult males (prosomal
widths from 15.0 - 23.0 cm, average = 19.0 cm}, 7 im-
mature males (14.0 — 16,5 cm, average = 15.5 cm}, and

+ On 26 October, Booth reported one to two dozen horse-
shoe crabs in each of two tows at 50 - 65 ft. {15.2-19.8 m),
southeast of Overfalls Lightship; only onc was taken in
another tow made at a depth of 80 ft. (24.4 m).

& On 6 November 1956, the prosomal widths of 18 males
and 18 females were measured by Booth on the American
Beauty, some 4 miles southeast of the Overfalls Lightship:
females (range 21.5-33.0 cm; average = 26.5 cm)); males
(range 20.0-26.5 ¢m; average = 22.0 cm).

& On 10 November 1955, Booth reported approximately
4.5, 15, and 15 horseshoe crabs were taken in four tows
(by otter trawl) on Hen and Chicken Shoal. Capt. Tom
White, skipper of the American Beauty, told Booth that
during fall fishing and winter crabbing (for blue crabs)
in the early 1950s, he encountered horseshoc crabs on
the flats of the shoals at all times and in “the hole™ situ-
ated about four miles southeast of the Overfalls Light-
ship (as on 6 November 1956).

& During the week of 1 August 1956, Booth reported
that the trawler Fash (working outside the bay from a
Delaware port) got a “split™ on horseshoe crabs (ie.,
caught 5o many horseshoe crabs that the net had to be
hauled in in sections, by tving a rope around the middle
of the bag to help haul in the net). In the 1950, the ves-
sels operating out of Delaware ports considered the horse-
shoe crabs to be a nuisance and dumped them overboard.

Resurgence in Abundance (1970s)

By 1977, when David Artenborough and his BBC TV
crew fitmed the spawning of Limufus on the Cape May
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acclaimed series “Lifc on Earth,” horseshoc Horseshoe crabs were more abundant inshore in the late
1in abundant in Delaware Bay. The increase spring and early summer than in late summer and falt. Some
erween the 1950s and the 1970s, of their data arc given in Table 4, but Botton and Haskin

shore for his
crabs were ag
in numbcrs Ufcrabs b

from a few dozen 10 thousands within a 100-m strand of {1984) should be consulted for more extensive data. The
beach, was so starthing that it was deemed worthy of study. horseshoe crabs on the shelf have supported, and still sup-
Shuster and Botton (1985) estimated that in 1977 the port, several local trawl fisheries that operate out of ports
peak spawning population in Drelaware Bay comprised from New Jerscy to Virginia (Figure 4).
about 222,000 males andh51.000|fcp131cs._ This nﬁm?;;:o‘ John W. Ropes, National Oceanic and Atmospheric Ad-
probably compa.rablc to the population pnor to the s ministration, National Marine Fisheries Service (NMFS),
suggests, tentatively, tha‘b"' dcc?(;c or ';‘0“: 15 tr;ccdcd 1o Woods Hole, Massachusetts, and I developed the sam-
evaluate changes in numbers OF ROMSESOE Crabs. pling /measuring methodology used to record data on
Botton and Haskin (1984) gathered a considerable amount horseshoe crabs. Analyses of two sets of data, obrained dur-
of data on horseshoe crabs caught during hydrautic dredge ing NMFS benthic fisheries surveys (groundfish and clam)
surveys of surf clams in the inshore 5.5 km (3 nautical miles) from 1975 to 1983 along the continental shelf, from Cape
of the continental shelf, off the coast of New Jerscy, from Cod to off South Carolina, were reported by Botton and
1976 through 1979. There were 19 survey arcas from Cape Ropes (19872, b). During groundfish surveys, 7,035 horse-
May Canal Inlet to Shark River Inlet. The standard tow (ST) shoe crabs were taken at 983 stations distributed from off
was a five-minute hau using a dredge 152 cm wide; this ST New Jersey to South Carolina {Figure 5, Table 5}, Fewer
covered an area of about 418 m?, The mean number of crabs were taken during ocean clam surveys (probably duc
crabs taken per ST increased each year: 3.34 in 1976, 4.00 to the difference in fishing gear used), from 35°N to 40°N,
in 1977, 9.18 in 1978, and 1146 in 1979. The frequency but the data mirrored the groundfish survey: 1,640 horse-
of occurrence and abundanee of the horseshoe crabs, higher shoe crabs at 535 stations, primarily from the shelf off
off the southern half of the state, was presumed to be a Virginia through New Jersey. The o dara sets — ground-
function of the proximity of the region to Delaware Bay. fish and ocean clam — show the same patterns of fatitudinal
TABLE 4
Horseshoe Crabs along the New Jerscy Coast: A Partial Recounting of Survey Results, 19761979
Areca Number of % with Coefficient
Year Stations Crabs Mean of Variation Maximum
1 (1976) 27 85.2 7.7 0.81 257
1 (1977) 34 94 1 11.3 141 87.0
1 (1978} 32 969 16.7 0.79 54.0
1 {1979} 30 96.7 20.2 1.20 107 8
2(1976) 12 66.7 4.1 }.27 10.7
2(1977) 10 70.0 2.8 1.29 12.0
2(1978) 10 90.0 12.2 071 24.0
2 (1979) 11 100.0 9.6 0.70 18.3
311976) 21 90.5 6.0 0.65 15.0
3(1977) 16 93.8 7.0 0.83 206
31978y 21 90.5 10.4 0.70 28.0
3 (1979) 21 100.0 155 0.63 333
4 (1976) 7 714 11.2 1.14 35.3
4 (1977) 7 100.0 6.1 0.68 14.2
4 (1978) 14 100.0 134 0.46 24.0
4 (1979} 20 100.0 20.6 0.96 92.5

ahufj::;c}-:{ ‘;"’ EI?’.UT.“’_T! 'fmd' H.‘llskin. 1984 their report, cspecia!ly 'l‘abkts 2 -5, should .hc consulted in its entirety to cxamine the entire matrix of

the mouth of l:l) ";I'h.U.‘a‘drsrl‘lbu'(lun {scasonal, I:mrudn‘nal, and distance trom ghc shoreline). Only‘ﬁmr areas arc recounied here (those nearest to

Townsends lnlctt- d“--‘iirt. B.i\‘ along Cape May): 11 = Cape May Inlet 10 Hereford Inlet; 2 = Hchh)'r_d Inlet to ISton‘c Harbor; 3 = Stone ‘Harhur tir

shorcline I‘“ e I.(am)\‘l- = Tawnsends [nlet to Corson lndet (note also the 13 June 1988 entry in Table 6). l_h? d1st-.ma.}' otﬁh()re was tr.nm the

132 em wide: th n'S]l Area means are expressed as the number of crabs per standard tow. IThc_sr:mdard tow (ST) was a 5-minute haut using a dredge

September: i;‘ 1;?-7 ;;J;cred an area n_f about f}lﬁ m2. In 1976, sampling commenced in mid-Tuly and was moST eXTensive late August and early
! -1979, most sampling was in June and July.
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o latitudinal Evidence. The highest abundance and fre-
querxy of occurrence is on the shelf nearest to the
mouth of Delaware Bay, with the average number per
tow generally decreasing with distance from the shore.

& Bathymctric Evidence. Horseshoe crabs were abundant,
well within their migratory range, in reference to the
mouth of Delaware Bay. They were taken, from the
inshore sampling limit of 9 m to 290 m depth, with
74% of the total from stations shallower than 20 m
and 92% from stations less than 30 m.

& Seasonal Evidence, The data show that more horse-
shoe crabs were taken inshore during the spring sur-
vey, well within their migratory range to spawning
areas in Delaware Bay.

The question of whether horseshoe crabs on the continen-
tal shelf can make it back to Delaware Bay is answered by
tagging data that demonstrate that Limzdus is capable of mi-
prating relanively long distances {Shuster 1950 = 13.5 statute
miles in Cape Cod Bay; Baptist et al. 1957 = about 15 statute
miles, Plum Island area, Massachuserts; Swan, Limuli Labora
N . L tories, unpublished data = 100+ statute miles — see Table 6},
Fiaure 4. A deck load of horseshoe crabs on the ¥V Elizabeth C in I believe the differences in distances traveled is a function of
1078 the cvabs were canght with a Yankee 36 net (the number of o .

. the number of animals competing for lebensrawm (the space

tows represented by this catcl was not vecorded, but each tow was k ! -
for IS minutes); location on the consinenval shelf was not recorded. required for life). The first two populations, noted above, had

Photagraph coseriesy of Thomas Azarovitz (Northeast Fisheries markedly fewer horseshoe crabs than in the Delaware Bay
Center, NMFS/NOAA, Weods Hole, MA). area, which may have been reflected in their lesser migrations.
and bathymetric distribution as well as scasonal abundance.
All the data (Tables 4 and 5; Figure 5} are consistent with the Recent Abundance (1990 -1995)
observation that the shores of Delaware Bay are the major The decline of the horseshoe crab population in the Dela-
spawning arca for Limulus. ware Bay arca since 1990 is suggested by threc independently
76 74 72 70 76 74 72 70 76 74 72 70
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Figure 5. Mean number of hoseshoe crabs per 30-minute tow, in each 1" latitude and longitsde black, based on Northeast Fisheries Center,
National Marine Fishevies Service/NOAA groundfish trawl dasa from 1975 to 1983 (from Borton and Ropes 19875). The symbnls for the nunt-
ber of crabs pey yow is in the lower right covner of the “Spring”® chart. The meandering line affihore is the 2000-m depth contonr.
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developed data sets: (1} estimates of abundance during peak
spawning (volunteer survey; (2) benthic traw] information
within Delaware Bay (Delaware Division of Fish and Wild-
life); and (3) benthic trawd data on the continental shelf
{(New Jersey Division of Fish, Game and Wildlife, Bureau of
Marine Fisheries}. A fourth related data set resulted from tag-
ging (sponsored by Finn-Tech Industries, Inc., and Limuli
Laboratories). These four surveys are cited here to complere
the references to known data sets; the results of the first three
of these independent surveys were reported separately at this
forum (see Swan; Michels; Himchak; this volumne).

Local tagging data are sparsc but the recapture of nine
tagged horseshoe crabs {Table 6), along with the distances
from shore established by the fisherics surveys (see Figure 3),
help to delineate the range of their migrations. The results
are consistent with the observation that horseshoe crabs
move berween Delaware Bay and the shelf.

Summary

Diecreases and resurgences in the Delaware Bay horseshoe
crab spawning population can be tracked roughly from the
accuniulated data, sparse as it may be, for almost 145 years
(1850 -1995). From that data and life cycke information {see

Loveland et al., this volume}, certain conclusions can be drawn;

¢ For as long as records have been kept, since at least the
1850s, the Delaware Bay shoreline has been and contin-
ues to be the major spawning area of Limulus polvpbemus.

TABLE §

Average of Seasonal Variation in Horseshoe Crab
Abundance and Biomass on the Continental Shelf,
Northern New Jersey to Southern Virginia,
Based on Groundfish Surveys from 1975 to 1983

Winter | Spring | Summer | Autumn

Inshore

Mean number 0.41 7.44 3.26 4.54
(per trawl)

% occurrence 56 76 6!l 78

Population 0.410 | 3.103 1.258 1.881
{(x 10%)

Biomass 93 3,626 2,075 2,969
(in metric tons)

Offshore

Mean number - 1.03 0.10 0.42
{per trawl)

% occurrence - 29 30 22

Population - 1.445 0.129 0.530
{x 109)

Biomass - 1,975 231 972
(in metric tons)

Nozes: From Rowton and Ropes, 1987b. Strata shallower than
27 m were defined as inshore; strata deeper than 27 m were defined
as offshore,

TABLE 6
Distribution of Nine Adult Horseshoe Crabs (Specimens “A” through “I”) Tagged in the Vicinity of Delaware Bay
TE;;:d Location Sex chz::crcd Location

5 ]lll‘lf\ 1987 NJORI., Cape May, NJ temale 8 July 1987 By trawl, off Qcean City, MD

13 ]unBc 1988 Corson Inlet, N) female 14 Sepr. 1988 Trawi, mouth of Delaware Bay

23 Itlré: 1989 Cape Henlopen, DE femate 31 July 1989 Boat, Indian River Inler, DE

9 ]unBI‘)‘)() Cape Henlopen, DE male I} Aug. 1990 Trawl, 5 miles off Ocean City, M
Y ]un% 1990 Cape Henlopen, DE temale 10 Oct, 1990 Trawl, 5 miles off Ocean City, MD
H) JunFc 1993 Pickering Beach, DE femaled 4 Scpt. 1993 By trawl, south of Ocean City, MD
10 Ju:g 1993 Pickering Beach, DE male? 4 Sepr. 1993 By trawl south of Ocean Ciry, MD
10 ]m}; 1994 East Point, NJ temale 4 January 1995 Trawl, oft Ocean City, MD
27 May 1995 Big Stonc Beach, DE female — Aug. 1995 Boar, Indian River Iniet, DE

I

Notes: The individuals tagged at Pickering Beach, Delaware, and East Paint, New Jersey, aigrated at least 62 statute miles (100 km ) in straighr-line

water distancys, Assuming that these horseshou crabs acoually traveled these distances, then the “fastest™ (A ] moved some 35 statute miles (89 kma) with -

in 33 days,
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& The spawning season within Delaware Bay usually ex-

tends over several months, within the months from April
1o August, with peak spawnings usually coincident with
the full- and new-moon phases. Why this is so may be
due to two or more factors: {1} Shuster and Botton
(1985) speculated that, due to the distances the adults
had to travel to reach the spawning beaches, several
spawning cohorts might arrive at different times through-
out the season, depending primarily upon the distances
they traveled. (2) Most of the year, and certainly during
the spawning scason, all mature femalcs appear to con-
tain at least two clutches of eggs: those thae are mature
{average volume of 0.0057 cc} and those that are imma-
ture (average volume of 0.0010 cc) (Shuster 1955;
Baptist et al. 1957; Shuster and Botton 1985). This situ-
ation raises the question of whether some of the females
might spawn twice 2 year — early and late in the scason.

Horseshoe crabs may remain in the mated condition
(i.c., in amplexus) for days and even weeks to months.
It is not unusual, therefore, to observe mated pairs in
the bay and on the continental shelf during the spawn-
ing scason, or at other times of the year than the spawn-
ing season. Amplexus by itself, however, docs not
necessarily indicate that spawning is occurning; spawn-
ing occurs on beaches. Everything that is known about
the survival, development, and hatching of Limulus
egps is that environmental conditions in the intertidal
zone on beaches are prerequisites (including at least
certain degrees of warmth, moisture, and aeration).

The normal sex ratio of the adult horseshoc crab is one
male per female (Shuster, unpublished observations
based on smdies in the Cape Cod area, summers of 1949
and 1950; Shuster 1950). A change in that ratie toward
meore males can be used as an indicator of the bias due to
collecting the egg-laden females for bait. The ratio, how-
ever, can not be ascertained readily from beach counts of
the spawners because the mating behavior of the males is
normally that of cotcentrating along the shoreline
whereas the females generally move into deeper water
after spawning. On the spawning beaches, males com-
monly outnumber females. Due to an apparent tendency
for the females and males to have different migration pat-
terns, sufficient numbers must be sampled over a large
area to ascertain the sex ratio. A difference in the migra-
tory patterns or distribution of the adults is suggested by
dara from an area just north of the mouth of Chesapeake
Ray (Shuster 1982). There, Dr. Paul A. Haefner, Jr. (pers.
comm. 1979, Virginia Institute of Manine Sdence) re-
corded no males and 53 females in water depths from 17
to 39 m in carly June 1973 and 17 males and 96 females
in depths from 23 to 45 m in mid-November 1974.

The Delaware Bay spawning population is far-ranging.
Its numbers have becn so great that a significant portion
of the total population ranges out onto the continental
shelf. Undoubtedly, in decades of sparse spawning on
the bay shores, adults were less numerous on the shelf,
as some commercial fishermen attest,
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# Horseshoe crabs move freely between the bay and shelf.

+ Specics in the diet of horseshoe crabs are available
within the bay {Botton 1984) and on the shelf
{Botron and Haskin 1984).

¢ Horseshoe crabs have been harvested heavily in the
Delaware Bay region, from the bay shores and bottom
and from the continental shelf. Despite over 145
recorded vears of harvests, the populagion remains the
largest for the species.

¢ Impacts upon the spawning population are not readily
apparent, and the recovery of the population takes sev-
eral years after heavy harvesting has ceased. Thisas due
to the long life cycle of horseshoe crabs, upwards of 20
vears, half of which is in the adulr stage, which mutes
rapid changes in abundance (as compared to the blue
crab, Calfinectes sapidus, and its much shorter life cycle
and its sometimes great annual swings in abundance).
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Life History of the American Horseshoe Crab
(Lémulus polyphemus L.) in Delaware Bay and
Its Importance as a Commercial Resource

by Robert E. Loveland, Rutgers University;
Mark L. Botton, Fordbam Unisversity; and
Carl N. Shuster, Jr, Virginia Institute of Marine Science

Abstract

We review those aspects of the natural history of
Limulus polyphemus 1., the Amernican horseshoe crab, that
arc important in understanding the long-term stability of
this species. Mating behavior, age and growth, natural
mortality, and habitat selection are emphasized. Spawning
migrations involve seasonal, lunar, and tidal rhythms,
Mating is random with respeet to body size. Females
deposit batches of about 4,000 eggs at sediment depths
between 10 and 25 ¢m on open sandy beaches of the New
Tersey and Delaware shores of Delaware Bay. Horseshoe
craby egps are recognized as an essential food tor migratory
shorebirds in Delaware Bay, Eggs thar are caten by birds
probably are dislodged from their inintal position by the
burrowing action of other crabs or by wave turbulence.
Horseshoe crabs are very slow growing, requising about
nine vears to attain sexual maturity. Mortabity is extensive
among the egps and larvae, but probably rare in subtidal
adules. Beach stranding is the most significant narural
cause of adult mortality in Delaware Bay.

The distribution and abundance of horseshoe crabs in
lower Delaware Ray are governed by availability of sandy
beaches tor spawning,. This, in turn, is influenced by
geological factors, as well as human development of the
shoreline. Presently, most of the principal horseshoe crab
spawning habitat occurs in the lower bay, although smal
patches of sandy beach farther up the bay may have very
high densities of crabs. Sca-level rise and beach erosion
associated with global warming appear to be diminishing
the extent of sandy beaches. The commercial utilization of
horseshoe crabs for bait has increased since the late 1980s.
The results of several horseshoe crab survey programs sag-
gest a declining stock size and the need for a coordinated
regional management strategy for this species.

Introduction

The spectacular migration of shorebirds in Delaware
Bay coincides with the equally impressive mass spawning
of the horseshoe crab, Limulus polypbemus 1., whose cggs
are a vital food source for the birds. This paper reviews
the factors thar influence the life history and abundance
of horseshoe crabs in Delaware Bay, and discusses the past
and present commercial utilization of this species. We
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argue tor the importance of an appropriate time frame

for this discussion. Both short-term (ecolugicaly and
tong-term {geological) perspectives must be scrutinized

to understand why horseshoe crabs spawn where they do,
and whether they will continue to be present oa the same
beaches and in the same numbers in the farure. This infor-
mation is imporeant tor the management of the horseshoe
crab itself and tor the migratory shorebirds that rely on
horseshoe crab eggs during their spring migration.

Life Cycle of the
American Horseshoe Crab

The horseshoe crab, Limulus polyphemus, is one of tour
extant species of Xiphosurans and is the only North Ameri-
can representative of this group of ancient Chelicerates.
The fossil record suggests that Limsfus may have its ori-
gins in the Cretaceous, at least 60 million years ago
{Reeside and Harris 1952; Fisher 1984; Sckiguchi 1988).
The distribution of this species currently is limited to the
cast coast of North America. Limulus polyphemus ranges
discontinuously tfrom the Guif of Maine in the north o
the Yucatdn Peninsula in the south (Shuster 1979}, The
cpicenter of this species, based on the abundance of
spawning adults in the spring, is Delaware Bay. The high
density of Limalus in this region is also reflected by the
concentration ot crabs on the continental shelf focated ottt
the mouth of Delaware Bay {Botton and Haskin 1984,
Rotton and Ropes 1987a).

The horseshoe crab is usually an epibenthonic creature,
which spends most of the year dispersed over the bay
bottom and the continental shelf; adults begin to migrate
toward the coast in the spring. They enter the shallow
waters of embaymients in the carly spring, where they
remain untl the temperature and for day length triggers an
inshore movement. Barlow et al. (1986) have determined
that the mass movement of spawning crabs onto the
beaches of Cape Cod has a lunar component; that is, the
peak in numbcers of crabs oceurs at the tfime of spring tde
at cither the full or new moon, Although horseshoe crab
spawning in Delaware Bay is of greater imtensity at the
time of spring tide, the overwhelming numbers of crabs
here, in comparison to Cape Cod, tend to dampen the
lunar rhythmicity observed by Barlow ¢t al. (1986}, During
the fiest spring tide in May, there is an imtial burst of



spawning activity; however, large numbers of crabs will
come ashore on any night, especially if chere is little wave
action { Botron and Lovetand 1989).

By late April or carly May, many males are couplf:d to
females, 2 phenomenon known as amplexus, There is pro-
nounced sexual size dimorphism; on average, males are
only about 80% of the carapace width of fefnalcs (Por.‘nerat
1933; Loveland and Botton 1992). There is some evi-
dence that males locate females visually. Barlow, Ireland,
and Kass (1982) have shown that wandering subtidal males
are attracted to shapes that resemble the dome-like cara-
pace of the female, and this has been shown to be visually,
as opposed to chemically, mediated. Not all males manage
to amplex with a female; in Delaware Bay, free-roving
suitor males arc very abundant, relative to the number of
females, resulting in an imbalanced operational sex ratio of
about three males to every female. A particular female may
be amplexed by males of any size (Botton and Loveland
1992; 1.oveland and Botton 1992}, which suggests that
there is neither sclection by the female for larger males,
nor a large male advantage in any male-to-male interactions.
Cohen and Brockmann (1983} have reported 2 tew
instances on a Florida beach in which larger males dis-
placed smaller males already in amplexus. However,
Loveland and Botton (1992) showed char male displace-
ment was quite rare in the Delaware Bay population and
played no role in mate selection among horseshoe crabs.
The compaosition of a cluster of spawning, crabs, consisting
of a mated pair and up to 15 suitor males, is entirely random
with respect to the prosoma width of the participants. More
than one male can potentially contribute sperm to the female
during cgg deposition because horseshoe crabs possess exter-
mal fertilization, unlike other aquatic arthropods.

Sometime in carly spring, horseshoe crabs will emerge
trom deeper portions of the bay and lie in wait in the shal-
lows, By the spring rides in late April or carly May, some
mated pairs can be scen in the intertidal zone. As the water
bugins to nse, the crabs begin to make their way to the
beaches. The female generally will begin to burrow in the
wave-washed soft sand about 45 minutes betore high tide.
After the female digs a “nest,” which requires her to nearly
bury herself completely in the sand, she will extrude about
4,000 cggy that are shaped into a cluteh, a mix of eggs and
sand xeveral centimeters across {Shuster and Rotton 1985).
At this ime, the amplexed male witl mile sperm, which is
pulled down into the sand, probably with the aid of ¢ur-
rents ereated by the temale’s book gills, to a depth up to
20-25 em below the surface, thus fertilizing the eggs.
Suitor males appear to be attracted o the mated pair just
as the temale begins to extrude eggs and may milt aloag
with the amplesed male {Brockmann 1990; Lovcland and
Botton 1992). Shortly afier forming a clutch of eggs, the
temale PI.II]IS up out of the sand, moves forward, and begins
to deposit another ¢lutch of eggs. 'This process may be
"'-'Pclﬂf“d 3 number of times for every visit a female makes
:E;t ‘“i“l:t':i; :11 uasrrlcirna;:i ?onqn {1985} have estimated

1 idual female may appreach the
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beach on at least three separate occasions for purposes of
spawning throughout the spring,.

Once fertilized, the bright green eggs begin to develop
within the warm, moist sand of the beach. The majority of
horseshoe crabs nest across 3 m within the mid-tide region.
Most egg clutches are deposited 1525 ¢m beneath the
surface. After approximately two weeks, the outer mem-
brane of the developing egg is shed, the inner membrane
swells up, and a tiny embryonic crab can be scen moving
around and around inside the egg, After two more weeks,
the clear membrane splits and a miniature horseshoe crab
cscapes. This larval stage is so reminiscent of trilobites in
superficial appearance that they are so named. This first
free-living stage has moited within the egg membranes
several imes, but still tacks a jointed tail,

The trilobite larvac remain within the sediments of the
beach for varying lengths of time. Densities over 100,000
combined eggs, developing larvae, and trilobites per
square meter occur on some Delaware Bay beaches during
the late spring {Botton, Loveland, and Jacobsen 1994).
Most of the larvac emerge from the sand within a month
of hatching {Rudloe 1979); they most likely enter the
water at high ride, swim a short distance, and enter the
sediments of the flats off the beach. However, Botron,
Lovetand, and Jacobsen (1992 found that abour 1,000 to
10,000 live trilobite larvae per square meter rematn in the
mid-beach sediments throughout fall and winter, only to
emerge in April. Although no proximare reasons for this
phenomenon have been studicd, these authors have sug-
gested that the ultimate reason for overwintering by the
trijobite larvae may be a hedge against predation by gulls
and shorebirds.

The growth rate and longevity of horseshoe erabs have
been studied by a number of investigaeors. Most studies
have inferred values for the groweh schedule because it is
nearly impossible to {1} age this specics with certainty
hecause of the lack of any permanent structures that reflect
growth increments, and {2} track individual crabs over
their lite span because tags would be last upon moltings,
Shuster {1982} has estimated rhat Limulus polyphemus in
the northern part of its range matures in 9 =11 years and
molts at least 16 times before reaching sexual maturity,
Sekiguchi, Seshimo, and Sugita (1988) and Sckiguchi (1988)
actually have reared Limalus polyphemus in the laboratory
through 14 molts. They estimated thart ar least an addi-
tional four to five molts would be necessary for the crab to
reach its terminal growth stage. However, since Sekiguchi
projected the growth schedule of animals from North
Carolina onto the adult sizes of New England crabs, it is
possible that more than 19 molts are necessary for horse-
shoe crabs from Delaware Bay to reach their terminal
molt. Using a clever approach to indircctly estimate age in
horseshoe crabs, Botton and Ropes (1988} estimated the
age of large slipper limpets, Crepidula fornicata, that live
on the carapace of horseshoe crabs. Reasoning thar these
sedentary snails were artached to the crab since it last



meited, they determined that horseshoe erabs can live tor
at least cight vears after they reach sexual maturiry. IF
Shuster correctly assumed crabs to be at least nine years
old when they mature, then a conservative estimate ot the
total lite span of Limulus polyphemus is 17 years. Borh
Riska {1981} and Sekiguchi, Seshimo, and Sugita (1988)
have found that growth schedules for Lineslus polyphenins
indicate both positive and negative allometry when specitic
dimensions of the exoskeleton were compared to the width
of the prosoma. The growth “curve” of the prosoma itselt
indicated a saltatory exponential form for Limulus poly-
phemus (Sekiguchi 1988).

Natural Mortality

Natural mortality among adult horseshoe crabs proba-
bly is very low while they are dispersed on the continental
shelf. Few direct observations of predation on these large
arthropods have been reported (Shuster 1982). However,
in Chesapeake Bay, horseshoe crabs are an important com-
ponent of the diet of loggerhead turtles { Keinath, Musick,
and Byles 1987). Onee the crabs reach the spawning
beaches, however, mortality increases considerably. The
single greatest cause of mortality among adult horseshoe
crabs is due to beach stranding. On days when the wind is
onshore, wave action along the beaches of Dielaware Bay
can be substantial. Horseshoe crabs that spawn on windy
days risk being turned over and washed farther up the
beach. Once on cheir back, especially above the highest
reach of the waves, horseshoe crabs find ic difficult to right
themselves; this is especially true for crabs with a short
or damaged telson. After the tide recedes, stranded crabs
may begin to desiccare and evenmally die after a few hours
when exposed to direct sun (Botton and Loveland 1989,
Many stranded crabs also are atracked by great black-
backed and herring gulls, which devour the gills of the
crabs, causing death {Bouon and Loveland 1993). In
1986, we estimated that approximately 190,000 crahs,
or about 10% of the adult spawning population, was lost
to stranding along the New Jersey shore of Delaware Bay
{Botton and Loveland 1989).

Adult mortality also occurs when mated pairs attempt
to spawn on beaches that have very little slope. Crabs may
become very disoriented after emerging on the flat part of
a beach, On typical Delaware Bay beaches with a slope of
approximately 6° crabs can return to the bay, even when
temporarily blinded, presumably by detecting stope
{(Botton and Loveland 1987). On flat beaches, however,
the erabs wander randomly in search of the bay. If by
chance they do not find the water, these crabs become
stranded right side up. They may burrow to conserve
meisture and return to the bay on the next tide. Some,
however, die uof heat exposure or desiccation before the
tide returns and thus are lost to the population.

Another causce of mortatity in the adult population
involves attempts to spawn in inappropriate places, such
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ay along vegetated tidal creeks, among rubble used to
stabilize beaches, in boat slips, behind bulkheads, on roads
during extreme storm tides, ete. It is our impression that
animals becoming stranded under these conditions rarely
return to the bay. Finally, another factor contributing, to
adult mortaliry is disease, Although older, “worn™ crabs
may be covered with fouling organisms (Shuster 1982,
Botton and Ropes 1988), only a few epizootic species
canse direct weakening of the animal. Algal infestations of
the carapace (Leibovitz 1986, [eibovitz and Lewhart 1987),
and a discase known as gill ballooning, which erodes the
surface of the book gills (Bang 1979}, may cause mortaliry
among an unknown number of adult crabs.

The enormous fecundity of horseshoe crabs has one
unavoidable consequence: many of the eggs, developing
embryos, and trilobite larvae are prey items for a variewv of
invertebrates and vertebrates. Possible predators on cggs
include nematodes, ghost crabs, killifish, and most notably,
several species of gulls and shorebirds. Bird predation on
Limulus cggs in Delaware Bay was first noted in May 1948
by Harold Gibbs {pers. comm., cited in Shuster 1955}, who
recorded the presence of the semipalmated plover, black-
bellied plover, red knot, pectoral sandpiper, least sandpiper,
dunlin, sanderling, dowitcher, ruddy turnstone, and laugh-
ing gull. Shuster (19533) reported that “shorebirds follow
along after mated patrs or dig in the sand to feed upon the
newly laid eggs or the larvae.” However, the importance of
Delaware Bay as a stopover site for migratory shorebirds was
not known widely untif the late 1970s (e.g., Myers 1986).

Most of the horseshoe crab egg clutches in the sand are
deposited at depths below 10—15 ¢m, where they initially
arc unavailable to bird predators, However, successive
waves of spawning females cause farge numbers of eggs to
be brought to the surface by the digging and burrowing
action of the depositing females. These surface eggs are
carried by waves and ultimately collect in windrows on the
beach. It has been suggested that most of the egps avail-
able to predators, especially shorebirds, are eggs that have
been displaced from their normal hortzons in the sand.
The numerical impact of bird predation on the total num-
ber of eggs is unknown, but probably is not significant
{Botton, Loveland, and Jacobsen 1994}, Once at the sur-
face, most eggs desiccate and cease development, and are
lost to the population even if they are not eaten by shore-
birds. Desiccated or decaying eggs may provide food tor
such detritivorous crustaceans as ghost crabs (Ocypode sp.}
and beach fleas ( Talorchestia sp.).

Developing horseshoe crab larvae found within the
beach sediments are unavailable to surface-feeding preda-
tors. However, shordy after harching in mid-saummer, the
trilobite larvae emerge from the sediments and make their
way t0 the water. At this dme, because shorebirds mostly
have migrated away from Delaware Bay, trilobites arc
preyed upon by gulls. The mortality rate among trilobites
probably is substantial during their summer emergenge.
1.. Wagner (pers. comm.} has observed laughing gull



parents feeding chicks a diet of nearly purc tsilobites. Little is
known about the carly life history of post-hatch horseshoe
crabs; they rarely are found in samples of the benthic commu-
nity on the tidal flats (Botton 1984). Trilobite larvae are not
important as a dispersal stage because they scldom are found
in plankton samples (C. Epifanio, pers. comm.). Thosc larvae
that escape gull predation and make it to the offshore waters
without being caten by fish most likely immediately burrow
into the sediments of the flats and metamorphose within a
short time, Those trilobites that overwinter and emerge in
the carly spring of the following year can begin their aquatic
existence in the relative absence of bird predation (Botton,
Loveland, and Jacobsen 1992),

Influence of Shoreline Topography and
Beach Erosion on Limulus Distribution

The shoreline charactenistics in Delaware Bay arc prod-
ucts of the interactions amung, wave energy, tides, shoreline
configuration, and, over geological time, the rise in sea level
{Phillips 1986; Knebel, Fletcher, and Kraft 1988, Fletcher,
Knebel, and Kraft 1990, 1992; Jackson and Nordstrom,
1992). Along the Cape May peninsula, narrow sandy
beaches predominate up to Reeds Beach. North of Reeds
Beach is a major break in shoreline orientation. Exposed
peat banks with patches of active salt marsh (Spartina)
predominate up to the Maurice River Cove. North of Egg
Istand Point is another break in shoreline orientation, and
the bay narrows considerably. Salt marshes with pockets of
sandy beaches are found along the shorcline. The salt
marshes eventually give way to brackish and freshwarer
marshes in the tdal freshwater portion of the estutry
{Orson, Simpson, and Good 19925 and lie upstrean of
any horseshioe crab activities. A similar gradient in beach
topography exists alomg the Delaware shoreline,

Beaches in lower Delaware Bay are exposed to greater
wave encrgics because of Jonger ferch disrances and prox-
imity 1o oceanic swell (fackson and Nordstrom 1992).
These factors prevent the establishnsent of salt marshes in
the lower bay except where there are minor coves or embay-
ments. Conversely, although most of the Cumberland
County {New Jersey) shoreline consists of salt marsh and
peat, parches of sandy beach are interspersed (Shuster and
BRotion 1985; Botton, Loveland, and Jacobsen 1988).

Shuster and Botton (1985) and Botron, Loveland, and
Jacobsen (1988) established that the broad distribution of
spawning horseshoe crabs correlated with the availability of
sandy beaches, Some of the most dense concentrations of
crabs occur on small, isolated sandy beaches (e.g., at the
southern end of Fortescue) that are surrounded by salt
marshes or bulkheaded areas, The requirement for sandy
substrate is a consequence of the reproductive behavior of
temales because they often bury themselves completely as
they deposit their eggs. Moreover, porous, well-oxygenated
sandv beaches probably are most suitable for egg survival
and development. The importance of sediment geochem-

istry in determining the fine-scale patchiness of spawning
horseshoe crabs was shown by Botton, Loveland, and
Jacobsen (1988).

Intertidal geomorphology is an important variable in
heach selection by horseshoe crabs. However, some sandy
beaches south of the Cape May Canal have little breeding
activity in spite of the large crab population just offshore
of this area (Botton and Haskin 1984). The extensive
intertidal sand flats characteristic of the central Cape May
peninsula, which are not found south of the Cape May
Canal, may be linked to the distributional patterns of
spawning horseshoe crabs within Delaware Bay.

Concentrations of mated pairs have been seen within
salt-marsh crecks, ¢.g., in the vidinity of Moores Beach,
New Jersey, and the Mahon River in Delaware. Fine
anacrobic muds and densc Spartina stems would seem to
constitute a suboptimal spawning habitat. However, we do
not know yet whether these crabs are actually depositing
cggs, or if they have somehow become disoriented and
cannot find their way out of the marsh system. We also
have observed mating activity on severely disturbed beaches
with rubble or oyster and clam shell debris; on boar ramps
on the Maurice River at Bivalve, New Jersey; and on small
sandy patches below or behind bulkheads, We believe it is
important to assess the survival of eggs in these kinds of
disturbed or marginal habirats to gain an understanding of
their value to Lisat/us reproduction.

The quality of beaches for horseshoe crabs can be com-
promised by human activities that alter the shoreline. Groms
{oriented perpendicular to the shoreline) and bulkheads
{parallel to the shoreline) constructed of wood, cinder
block, and sheet steel are in use to protect Delaware Bay
shore propertivs. Bulkheads are especially destructive to
hoeseshoe crabs because access to the intertidal spawning
beaches is completely blocked. On a local level, bulkheads
tend to funnel the crabs into smaller and smaller areas.

Global warming is 3 consequence of increased emissions
of CO,, CHy, and other atmospheric gases (e.g., Hansen
and Lacis 1990} Alchough the magnitude of global warm-
ing remains debatable and goes beyond the scope of this
paper, an emerging consensus is that sea level will rise by
about 50 ¢cm ! m by the year 2100 (Hoftman 1984;
Ocrlemans 1989; Titus et al. 1991). This global effect
will result from the melting of ice from the poles and
from glaciers, and from thermal expansion of ocean water
{Qerlemnans 1989). Because of subsidence of the ast coast
of the United States, Hull and Titus {1986} predicted that
the relative rise in sea level in Delaware Bay would be
approximately 25-30 cm greater than the global average.
Although New Jersey's barrier islands have received much
of the public attention and governmental support for
erusion control (¢.g., attempts at beach replenishment or
stabilization ), Nordstrom (1989) provided a thorough
documentation of the reasons why erosion of bay and
estuarine shorelines may be even more severe,



Global warming and sea-tevel rise will pose a variety of
environmental challeages to coastal biota {Reid and Trexler
1992} and must be tactored into any discussion about the
fueure abundance and distribution of horseshoe crabs and
migratory shorebirds in Delaware Bay. In teemis of poten-
tial impacts on horseshoe crabs, we would anticipate few
directly detrimental effects from nsing temperature per se,
or from salewater intrusion {Hull and Titus 19863, because
Limiddus has extremely broad temperature and salimey toler-
ances {Shuster 1982). Lester and Mvers (1991) point out,
however, that a tempaoral shift of horseshoe crab spawning
to varlier in the spring would resalt in migratory shorebirds
arriving at a time when fewer eggs are present.

Accelerated coastal crosion associated with global warming,
cauld have major repercussions on the abundance and dis-
tribution of horseshoc erabs in Delaware Bay. In the short
tern, erosion of sand could expose peat sediments, which
may reduce the suitability of 4 beach for spawning
(Borron, Loveland, and Jacobsen 19883, Under narural
conditions, beaches simply retreat landward as sea level
rises (e, Titas 1990; Tirus et al. 1991). However, it is
clear that coastal development {e.g., groins and bulkheads)
impedes the natoral cycle of beach migration. A 1-m verti-
cal rise in sea level could cause the transverse erosion of
about 50-100 m of beach along the northeast coase (Titus
et al. 1991, Even without any additional development
along the Delaware Bay shore, we would predict a signifi-
cant loss of optimal horseshoe erab spawning habitar over
the next tew centuries. At least 8 km of sandy beach along
the New Jersey bay shore has been extensively bulkheaded
by the addition of cinder blocks and other solid marerial
and is now unsuvitable for egg laying; this tvpe of materal
does not degrade very rapidly. If sea level does rise by
50-100 cm in the next century, then ivis likely that prop-
crtivs and roadways locared well infand of the present bay
shore may be threatened and may require some type ot
protection. Currently, elevation differs little berween
Delaware Bay and the “upland” forests; some of cthese
torests are beginning to exhibit effects of salewater intru-
sion (¢.g., along Moores Beach Road near Route 47,
Cumbertand County, New Jersey).

Impacts of Commercial Fishing

In the late nineteenth and early twentieth centuries,
horseshoe crabs from Delaware Bay were processed in
huge numbers tor fertilizer and animal feed {Smith 1889;
Fowler 1907; Shuster and Botton 1985). Berween the
1870s and 19205, annual harvests from Delaware Bay
averaged over 1 million crabs {Shuster and Botton 1985).
Crabs were collected by hand, in pound neis, or stake
weirs set out an tidal flats (Smith 1889). The industry
declined because of competition with chemical fertilizers,
public complaints about odors, and possibly declining
horseshoe crab abundance. Between the 1950s and 1980s,
few horseshoe crabs were taken from Delaware Bay
(Shuster and Botton 1985},

19

Onca (47 kan streech of Highs Beach, New Jensey,
Shuster counted a daily maximum of 232 spawning adules
during the 1954 breeding season {« 494 per km). I con-
trast, Botton, Loveland, and Jacobsen (1988} routinely
counted over 10O crabs per 15 am on this Deach duning the
1986 breeding season (= 6,667 per in). This wdicates at
least a thirteen-fold increase in the peak size of the spawn
ing popuiation during a time in which commercial hshing
pressure was minimal.

Limulus presemtly is used for bait, primanly in ecl and
whelk {Busyeon sp.) tisheries, and for the extraction of
blood in the production of Listsrdts amocbouvee lysate ([ALY
{ Borron and Ropes 1987b). Biomedical applications of
LAL are based on its exquisite sensitivity to gram - negative
bacterial endotoxin (Novitsky 19843, Mortality tfrom LAL
operations is minimized as a result of a US Food and
Drug Administration mandate that all bled crabs must
be returned to their habitar wichin 72 houes after cap-
ture. After bled crabs are released, about 20% survive
(Rudloc 1983). Thus, we do not consider the TAILL
industry a major cause of mortality of the Delaware Bay
crab population,

Botton and Ropes (1987h) estimated that the baic fish-
ery 10 the carly 1980s harvested ar least 350,000 adule
horseshoe crabs annually from the Middle Atlantic states
during the carly 1980s, and an annual carch of only
10,000-15,000 horseshoe crabs from New Jersey,
However, this fishery grew dramatically beginning around
1990. It must be emphasized that the bait fishery sclects
tor egg-bearing females {Botton and Rapes 1987b}, which
has obvious consequences for the stability of the popula-
tion. For example, we {Botton and Loveland) observed a
major shore-based hair-collecting operation ac Moores
Beach, New Jersey, in May 1992, We counted at least 150
large burlap sacks filled with horseshoe crabs; at (conserva-
tively) 10 crabs per sack, this group removed 1,500 crabs
in one day. These fishermen reportedly were catching crabs
tor about ten days, Shuster also saw g large truckload of
horseshoc crabs, taken from the Cape May shore of
Delaware Bay, aboard the Cape May-Lewes ferry in sum-
mer 1992, Swan (pers. comm.) and Loveland observed a
dredge boat collecting large numbers of horseshoe crabs
off the Cape Shore flats in spring 1995, Trawlers based in
Delaware and New Jersey porss take tens of thousands of
horseshoe crabs each vear from the continental shelf; the
majority of these animals undoubtedly contribute to the
Detaware Bay spawning population (Botton and Haskin
1984; Botton and Ropes 1987a).

Based on data provided to the authors by the New
Jersey Department of Environmental Protection, horse
shoe crab landings in New Jersey were 252,239 in 1994
and 307,446 in 1995, Fifty-six percent oof the catch came
from the Arlantic coast and 43% from Delaware Ray.
Owverall, coastwise horseshoe crab fandings averaged
over 1 million animals between 1989 and 1992, and
exceeded 2 million animals in 1993 (5. Michels, pers.



comm. }. Current harvest rates, therefore, have reached the
same order of magnitude as those recorded during the
height of the fertilizer/animal feed fishery of the early
rwentieth contury.

Summary and Conclusions

Limulus polyphemus is an ccological generalist in the
subtidal environment, in terms of its food and habitat
requirements. Delaware Bay is the population epicenter
for this species, suggesting that environmental conditions
are ideal for reproduction. Within the Delaware Estuary,
spawning and cgg development are optimat on sandy
beaches, which occur mainly in the lower bay. Extensively
bulkheaded beaches are unsuitable for horseshoce crabs.
However, further investigations are necded to assess
the importance of marginal habitats, such as salt-marsh
banks and partially disturbed beaches.

The availability of sandy beaches may limit the repro-

ductive success of horseshoe crabs, At present, undisturbed

sandy beaches comprise only about 10% of the New Jersey
share of Delaware Bay, and this halwrat will probably
decrease in the near future. Sca level may rise by abour
0.5-1 m over the next 100 years as 3 consequence of
glubal warming. As beach erosion continues, additional
pressures to stabilize bay shore properties and roads by
using balkheads and groins will result, much to the
detriment of horseshoe crabs and shorebirds using the
interridal zone.

The abundance and distribotion of horseshoe crabs in
Delaware Bay also are influcnced by commercial fishing.
Horeshoe crabs are used as baat for various fisheries, amd
alsor tor the extraction of bMood in the production of
Limutus amoeboeyte bysate, The baie industry selects for
pre-spawning fenale crabs, a practice that is especially
Jestabilizing for any fishery, The slow maruration rate ot
hurseshoe crabs sugpests that a heavily exploited popula-
tiemt will be slow to recover. Indeed, this has been con-
firmed in an carlier case history: the Delaware Bay
populatian took many decades 1o rebound from the
extensive fertilizer/animal feed industry of the carly
rwenticth century, when millions of horseshoe crabs
were harvested. The recent expansion of the bair fishery
has led to annual crab harvests of magnitude comparable
te: the historic peaks.

Iy our apinion, coordinated regulation of the Limafus
fishery is urgently needed. The wide-ranging migration of
the Delaware Bav population over the mid-Attantic conni-
nental shelf (Boteon and Haskin 1984, Botton and Ropes
19872} suggests that 1 regional approach to management
is warranted. Recent regulations of the commercial bai
fishery have focused on Lonsles and its relationship to
foraging shorebirds. Furthermore, the preservation of
sandy beaches i Delaware Bay must be prioritized 1o
maintain the population of horseshoe crabs into the
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twenty-first century, when sea-level rise will be an ever-
growing concern of coastal managers.
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Horseshoe Crabs and the Shorebird Connection

by Kathleen Clark,
Endangered and Nongame Species Program,
New Jersey Division of Fish, Game and Wildlife

Introduction

This forum brought participants rogether to discuss
horseshoe crabs and their poputlation trends in Delaware
Bay. One of the important aspects of horseshoe crabs,
which is making them a subject of wider attention today, is
their significance as a resource for migrating shorebirds.

Shorebird Migration

Spring shorebird migration through Delaware Bay has
received attention since the early 1980s when the New
Jersey Audubon Society began surveys along the bay
beaches. Betore thar, few ornithologists mentioned it as
the impressive phenomenon we recognize today. This is
a bit of a mystery, but it may be thar shorebird numbers
were actually reduced in Delaware Bay because of low
horseshoe crab populations at the turn of the century,
when crabs were being heavily harvested for fertilizer.
Regardless, the shorebird migration through the bay
today is significant for hemispheric shorebirds and is
supported by horseshoe crab eggs.

Nearly everyone recognizes that shorebirds eat horse-
shoe crab eggs. Crabs lay billions of eggs along Delaware
Bay beach strips in May. The peak of shorebird migration
through the bay tends to occur in the third or fourth week
of May, usually near the peak of crab spawning. Shorebirds
crowd onto these strips of beach and make a very vistble,
dense scene as they forage in the intertidal wet sand for
eggs. This amazing phenomenon occurs because foods
thar shorcbirds eat are at very low levels in carly spring,.
For shorebirds to make their 3,000- to 4,000-mile migra-
tion north, they need to feed wherever food is available.
Their migration north is time-constricted -~ they need
to reach the Arctic just as snow s melting, lay their eggs,
and hatch them in time for the inscct hatch (on which
young shorebirds feed). Adults begin the southbound
migration shortly after that. Given these factors — that
food is relatively scarce, their need for food is grear, and
they have limited time in which to complete migration
and begin nesting — Delaware Bay is an ¢ssental,
uncqualed stopover in the castern United States to
meet the needs of shorebirds for food and rest (Clark,
Niles, and Burger 1993}, The numbers of shorebirds
reflect its importance: Delaware Bay hosts the second
largest number of migrating shorebirds in spring in the
Western Hemisphere (only Copper River Delta in Alaska
is larger).
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In the early years of our research, we focused on the
beaches as the primary and most critical habitat for shore-
birds. For scveral species, the beaches are critical habitat:
rcd knots, ruddy turnstones, and sanderlings fecd heavily
on the bay beaches where eggs provide an abundance of
food. In recent years, however, we have surveyed marsh
habitats on Delaware Bav and the ncarby Atlantic marshes
and found heavy usc by birds. Shorebirds use a complex of
habitats based on their needs {food or rest}, time of day,
and the tides that make habitats available or unavailable.
Although shorebirds are found in the marshes in much
lower density than on beaches, the vast area of the marsh
more than makes up for it. On average, twice as many
shorebirds may occupy marshes than beaches alone,
(Marsh habitats include mud flats and tidal ponds, nonridal
ponds, creek cdges, and generally nonvegetated marsh.)

The marshes also are cntical habitat because shorebirds
augment their diet of horseshoe crab eggs with inverte-
brates. Some species rely on invertebrates more than
others {e.g., dunlins and dowitchers arc found primarily
in the marsh}, but it is speculated that many birds con-
sume invertebrates in addition to crab eggs. Castro, Myers,
and Place {1989) found thar horseshoe crab eggs were not
very digestible and that 72% of egps passed unbroken
through sanderlings. Eggs remain important, however,
because the portion that is digested provides necessary fats
that help the birds gain weight quickly. Above all, the
sheer volume of cggs available and consumed by shore-
birds makes up for the low digestibility. Castro, Myers, and
Place (1989) conclnded that sanderlings compensared for
the low digestibility by consuming three times more than
they would of a similar invertebrare diet. Myers (1986)
estimated the number of horseshoe crab eggs consumed by
a sinple sanderling during a two-week period ar 135,000,
Using that estimate, 25,000 migrating sanderlings alone
may consumc about 3 billion eggs {based on a diet of
100% eggs). Sanderlings, which probably rcly on horse-
shoe crab eggs more than other species that may feed
some portion on marsh invertebrates, also feed on
Atlantic beach invertebrates.

Niles et al. {in prep.) estimate the number of shorebirds
coming through on spring migranon berween 900,000
and 1.5 million birds of six species. Some may presume,
therefore, that shorebirds have an impact on horseshoe
crab numbers. Although it is possible that shorchirds
remove some viable eggs, it is likely they do not have a
stgnificant impact. Most eggs consumed are not viable,
having been disturbed from the “nest™ or cluster of eggs.



Among the shorebirds found in high numbers, red knots
and sanderlings have the longest bills, 3.5 cm and 2.5 cm,
respectively (from tip to basc near the eyes). They forage
in moist sand where their reach is not much deeper than
their bills. Ruddy turnstones may be the exception; they
are known to excavate holes in the sand to find eggs and
may be reaching eggs at slightly deeper depths (5-16 cm).
Maost shorebirds, however, are taking eggs that have been
disturbed from crab nests. Tides make these eggs available
throughout the sand column for use by small birds.

This aspect of shorebird use of horseshoe crab eggs is
important in the discussion of horseshoc crab population
trends in the Delaware Bay. The minimum population
required for crabs to remain a functioning part of the
shorebird - crab relationship may be higher than the mini-
mum level for other parts of the ccosystem, It may be that
shorebirds are using crab eggs that are made available in
the sand when crabs spawn at a Jensity such thar they
disturb previously faid nests and disperse the eggs. This
happens when crab spawning is above some minimum
level {below which nests are laid and not disturbed by
later spawning). We do not know yet what that level is,
but we are continuing a study using egg density within
the sand as an index to the crab population.

The link hetween horseshoe crab populations in Delaware
Ray and migrating shorebirds is critical. “To deter threats to
shorebirds, we must maintain horseshoe crabs ar ar above
minimal functioning levels. Shorehieds face other porential
threats in Delaware Bay, including disturbance, habitat
degradation and loss, and oil or chemical spills, These and
other topios were addressed by the 1993 workshop that pro-
duced the Comprehensive Management Plan for Shorebirds
on Delaware Ray (Niles, Clark, and Panl 1993} and formed
the Delaware Bay Shorebird Working, Group.

Disturbance

Early research showed thie impact that human activities
have on shorebird feeding and resting, on Delaware Bay
beaches. Even someone walking down the beach causes
flocks v fly, More severe disturbaoves cause birds to fly and
feave the beach, stopping them froms feeding at what may be
the best foraging locaton and forcing them to move 1o less
optimal habitar, LUktimately, this may prolong their stay until
they can restore their body condition to resume migrating,.
How tor reduce disturbance has become the top priority for
shorebird imanagement in New Jersey. We have established a
siatem of viewing areas on the bay shore to which we direct
visitors, Local cooperators and /or volunteers maiotain these
sites. Volunteers, trained as *warden-educarors,” encourage
visitors to view birds trom one location and discourage
randoim beach entries or walking, toa close to feeding birds,
"This system recently expanded to include a consortium of
camservation groups who own land on the bay and who
want 1o manage for both shorebirds and visitors. Fhe
*Shorebird Outreach Team,™ a product of the Shorebird
Working, Group, is working 1o promote sound ccotoursm
around the shorebird- horseshoe crab phenomenon.
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Habitat

Shorehirds require a number of habitats while stopping
over in the Delaware Bay region. Beaches provide the area
used most heavily by the greatest number of shorebirds,
Qur research showed that knots and turnstones will feed
on bay beaches whenever tidal conditions make that possi-
ble. Only on evenings when the tide is high on the bay
beaches do most birds move into bay and Atlantic salt
marshes. At high tide, most birds cluster in and around
nontidal ponds, where the tide does not affect water
levels except about twice a month. Sanderlings tend to
usc only sandy beaches found in the lower Delaware Bay
and on the Atlantic Ocean; they are not found often in
the marsh. Semipalmated sandpipers are found mostly in
the upper bay beaches and marshes where marshes are
vast, They use mud flats heavily when available at
receding tides. Dunlins and short-billed dowitchers
usually are found in marsh habitats, but usc the upper bay
beaches also, These habitats mostly are protected under
New Jersey state wetlands regulations. Habitar Josses
have occurred (and may continue) to Delaware Bay
beaches where bulkheads have been built to prorect
houses and roads. Marsh habitats that were diked
decades ago for salt-hay farming are now being restored,
cither through neglect or by active marsh restoration
{such as the current Estuary Enhancement Program
by I'ublic Service Electric and Gas). The natural sys-
tem of marsh ecosystem change generally has worked
to provide alternating habitats for shorebirds. All
hahtrats are subject 1o degradation by pollwtion or
a catastrophic spill,

Oil Spills

Delaware Bay is among the largest shipping ports in
the world, especially for oil products. It also is one of the
most dangerous bays, with a narrow channel and frequent
occurrence of treacherous wind and tide conditions. Ford
et al. {1992) examined the risk to migrating shorebirds
from various sized spills at several locations in the bay.
They found thar large spills upriver or moederate spills in
the upper bay have the potential to contact a significant
portion ot the shorebird concentration arcas. Although
the migration period is short when crabs and shorebirds
arc present, a large spill could affece beach qualiry for
many years. Both New Jersey and Delaware officials work
continucusly with Emergency Response managers and the
LS. Coast Guard in planning for such an occurrence.
Last year, the New Jersey Division of Fish, Game and
Wildlite co-hosted an Qi Spill Response Workshop during
which we worked through two spill scenarios with emer-
gency response managers and biologists. The results were
used to modify the Area Contingency Plan for Delaware
Bay to muake it more effective in protecting key habitats.
Some aspects remain to be discussed, such as the pros and
cons of using dispersants and the impact they would have
on benthic fauna. Participants of this forum perhaps
should consider these aspects.



Delaware Bay has both international and loval sig-
mibivanee, South American countrics with shorebird
comeenteations consider what we do bere to protect
animal and habitar resources as important, because it
helps thent enact site protection and garner political
support. Protection in Delaware Ray is important bocaily
to maintain a complex ccosvstem of shorebirds, horse-
shoe crabs, and countless other species. Additionally, the
migration phenomenon is important to the economics
of local communities in the Delaware Bay region, and
it provides reasons for peaple to protect open space
and biological resources. This is a very real example
of conservation that has many benefirs: biological,
social, and cconamical,

Demand is great right now tor sound information on
the magnitude of the crab population and the relative
impact of harvesting and other mortality. We need such
data to make proper regulations to sustain the crab popu-
lation in the long term for both their economic value and
ecological role.
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Summary of Trends in

Horseshoe Crab Abundance in Delaware

by Stewart F. Michels,
Delaware Division of Fish and Wildlife

Introduction

The Delaware Division of Fish and Wildlife (DE DFW)
collects both fisheries-dependent and fisheries-independent
data on horseshoe crabs, Fisheries-independent data are
collected from Delaware’s commercial harvesters as part of

a mandatory reporting system,

Adult Trawl Survey

In 1990, recognizing the importance of the species to
the estuary, the DE DFW began collecting data en horse-

shoc crabs as part of its adult finfish trawl survey. The sur-
vey used a 30-ft. (9.1 m) (headrope) bottom otter trawl
with 2-in. (5.1 cm) stretch mesh in the wings and body
and a 2-in. (5.1 cm) stretch mesh cod end. Sampling was
conducted monthly, from March through December, at
nine fixed stations {Figure 1) in the Delaware Bay. Crabs
taken in the survey were counted, measured for prosomal
width, and sexed. Specimens measuring 160 mm or less
were classified as immature,

Annual catch rates, expressed as the geometric mean
catch per tow, from Delaware’s

adult trawl survey showed a

\ il
oy

significant decline since 1990
(Figure 2). Comparisons of the
adult traw] survey catch rates
to the annual horseshoe crab
spawning survey estimates
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r“rmkgj

(B. L. Swan, pers. comm. )
showed a highly significant
correlation {Table 1).
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Figure L. Delaware Bay sampling starions — pdult finfish trawl survey, 1990,
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1990-1992 (Table 2). Sex
ratios were significantly difter-
ent from the 1:1 ratio in 1993
and 1994, favoring males {60%).
This caused some concern as it
was thought that the shift in
scx ratios may be atrributed 1o
the selected harvest of females.
The sex ratio in 1995, however,
was not significantly different
from 1:1.

Juvenile Trawl Survey

In 1992, the DE DFW began
collecting catch statistics on juve-
nile horseshoe crabs (< 160 mm)
taken in its 16-ft. (17-ft. head-
rope) trawl survey. The net was
constructed of 1.5-in. (3.8 ¢cm)
strerch mesh, with a knotless
0.5-in. {1.3 ¢m) stretch mesh
liner inserted in the cod. Samp-
ling was conducted from April
through October at 34 fixed
stations {(Figure 3} in the Dela-
ware Bay. Immature crabs
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TABLE 2
Horseshoe Crab Sex Ratios

Male Female

(%) {%) Chi-square*
1990 53.7 46.3 0.5476
1991 479 521 0.1764
1992 50.1 499 0.0004
1993 61.7 383 5.4756**
1994 61.6 384 5.3824*~
1995 50.8 492 0.0604

*Chi-square values assume 2 1:1 sex ratio.
**Indicates significantly different P = .05;
critical value of chi-square = 3.841.

Figure 2. Horseshoe crab geomerric mean catch per tow — Delaware,

TABLE 1

Comparison of Adult Trawl Survey Catch Rates
and Annual Spawning Survey Estimates —
Delaware Division of Fish and Wildlife

Adult Trawl Survey
Geometric Mecan Spawning
Catch Per Tow Census
1990 475 1,240,679
1991 4 64 1,224,771
1992 1.66 399 147
1993 2.10 394,039
1994 0.84 104,000
1995 1.34 87,652
Adult vs. Census
Regression Qutput:
Constant -205169
Std. Err. of Y Est. 8331297
R Squared 0.980002
No, of Observations 6
Degrees of Freedom 4
X Coefficient(s) 305368.6
Std. Err. of Coef. 2181091
t = 14.001
Critical Valuc of t (0.05) = 2.776
P < 0.001

(<160 mm) taken in this survey were counted and mea-
sured for prosomal width.

The utlity of this survey was limited duc to the short
time series. The survey showed an increase in juvenile catch
rates {geometric mean catch per tow) since 1992 (Figure 4};
however, no significant (P = .05) wend was evident. The
absence of long-term, length-frequency data prevented the
extraction of an accurate young-of-the-year index.

DELAWARE

Figure 3. Sampling stations — juvensle horseshoe crab trawl survey,
Delaware Bay, 1992,
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The most significant use of these data to date was in
determining juvenile horseshoe crab distribution (Figure 5).
Carch rates (1992 - 95 pooled) plotted by station showed
that juvenifes were most abundant near the mouth of the
St. Jones River with high concentrations occurring from
the Little River to the Mispillion River.

Commercial Landings

Commercial harvesters have been required to report
their monthly borseshoe crab landings to the DE DFW
since 1990, All reports must be received before a harvest
permit tor the following year is issued. Prior o 1990,
landings were collected solely by the National Marine
Fisheries Scrvice (NMFES).
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Figure 5. Juvenile borseshoe crab mean catch rates by station.

Horseshoe ¢rab landings in Delaware have been highly
varable since 1929 with the highest Jandings occurring in
1976 at 2 mitlion pounds (Figure 6). The NMES and
the DE DFW horseshoe crab landings for the vears
1983 through 1994 showed that Delaware accounts for
approximately 12% of the annual coastwide take (Figure 7).
While most of the coastwide landings (1983 - 94) were
taken in the traw! fishery (Figure 8), approximately 60%
of Delaware’s landings were taken by hand collection
(Figure 9); the remainder were taken by dredge.
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Figure 9. Delaware bavseshoe crab landings by gear ripe.




Summary of Maryland’s Horseshoe Crab Fishery,
Management, and Research

by Thomas J. O’Connell,
Maryland Department of Natural Resources

Effort recently has increased in the whelk, cel, and
catfish fisheries due to the decline of traditional fisheries.
Horseshoe crabs, particularly egg-bearing females, are pre-
ferred bait for these fish, thus increasing the bait market
for horseshoe crabs. Average commercial landings have
increased from 180,000 pounds during 1975-1984 ro
600,000 pounds during 1985-1994. Landings in 1994
exceeded 1.5 million pounds (National Marine Fisherics
Service [ NMFS$] data). Reported landings by NMFS for the
years 1983 through 1994 showed that Maryland accounts
for 45% of the annual coastwide harvest. The majority of
landings were taken in the trawl fishery with the remainder
being taken from the surf-clam dredge fishery, Chesapeake
Bay pound- and fyke-net fishery, and from a few hand col-
Jecrars. (Sce Appendix B for Maryland regulations.)

Maryland, recognizing the importance of the species,
adopted the Chesapeake Bay and Atlantic Coast Horseshoc
Crab Fishery Management Plan (FMP) in 1994. The goal
of the FMP is to protect the horseshoe crab resource in
the Chesapeake Bay and along the Atlantic Coast to insure
its continued role in the ecology of coastal ecosystems
while providing the opportunity for commercial, recre-
ational, and medical usage over time. The FMP identifies
areas of concern {ccological value, stock status, fishery,
habitat}), and recommends management strategies. In addi-
tion, the FMP gives the Maryland Department of Natural
Resources { MDNR) authority to regulate the fishery.

One straregy of the FMP is to delineate and prorect
horseshoe crab spawning habitat. Spawning areas have not
been well documented in Maryland because spawning docs
not oceur in easily observed areas or in large concentra-
tions. In 1994, the MDNR developed a herseshoe crab
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hotline and volunteer spawning beach survey to delincate
spawning areas. Reports indicate that spawning areas con-
sist of narrow stretches of sandy beaches usually less than
200 meters long and a few meters wide. Spawning occurs
throughout Maryland’s Chesapeake and coastal bays but is
restricted from parts of the upper Chesapeake Bay (north
of the Bay Bridge) and its tributaries. The northern extent
of their distribution varied considerably in 1994 and 1995. ‘
The annual variation appears to be related to salinity,

with crabs being restricted to areas greater than 5-7 ppt.

Almost all spawning occurs during the “darker” of the

two daily high tides. Sex ratios vary seasonally, with 2.0

and 1.8 males per female during peak spawning activity in

1994 and 1995, respectively. Peak spawning activity varies

annually and appears to be related to water temperature,

During 1994 and 1995, peak activity occurred during the

full-moon phase on 23 June and new-moon phase on

29 May, respectively. Spawning densities are higher in the

coastal bays but remain low at less than 4.0 crabs per

meter. Few nests are disturbed at these densities, resulting

in few eggs being available to shorebirds. This may explain

why there were no reports of shorebirds consuming horse-

shoe crab eggs, and why Maryland attracts only a small

number of migratory shorebirds. Furthermore, the MDNR

has identified problems with cerrain sampling and estimat-

ing procedurces, and in 1994 initiated a tagging program.

—rt

The spawning survey has led to many intcresting ques-
tions, which need to be answered if anyone is to use the
spawning beach survey to monitor the annual abundance
of spawning crabs. As the MDNR works with the Univer-
sity of Maryland Eastern Shore to answer these questions,
the MDNR will continue to delineate spawning habitat
and monitor the horseshoe crab fishery. \



Resource Monitoring of
Horseshoe Crabs in New Jersey

by Peter J. Himchak,
New Jersey Division of Fish, Game and Wildlife

Coastal Trawl Survey

The New Jersey Ocean Stock Assessment Pro-
gram is a coastal trawl survey designed to develop
comprehensive baseline data for recreational fishes
and their forage items. The survey arca consists of
New Jersey coastal waters from the entrance to
New York Harbor south to the entrance to Dela-
ware Bay (Figure 1). Samples are collected by trawls
of 20 minutes’ tow duration. Traw! specifications
include an 82-ft. (25.0 m) headrope, and a 100-ft.
(30.5 m) footrope covered with 2 %-in. (6.0 cm)
rubber cookies. Five sampling surveys are complet-
ed each year (January, April, June, August, and
Qctaber). Sampling stations for each survey are
selected randomly for each stratum,

The New Jersey ocean trawl survey provides a rela-
tively long-term (1988—1995), continuous resource
meonitoring data base (Table 1, Figure 2), which has
been used to estimate the relative abundance of
horseshoe crabs in New Jersey coastal waters,

With all samples from each year pooled, the num-
ber of horseshoe crabs per tow shows a precipitousde-
cline from 1990 through 1994, with 2 slight rebound
in 1995. Standard deviations around mean catch per
unit effort (CPUE) estimates each year are noticeably
large. Horseshoe crab catches are highly vanable, in-
fluenced by season and sampling stratum. An analysis
of 1994 trawl survey data shows that of the 186 tows
successfidly completed, no horseshoe crabs were taken
in 118 tows. In other tows, the following horseshoe
crabs were taken: 1 in each of 24 tows; 2 in each of
9 tows; 3 in each of 4 tows; 4 through 10 in each of
13 tows; and 11 or more in each of only 18 tows.

The 18 rows that took 11 or more horseshoe
crabs per tow in 1994 accounted for 683 horseshoe
crabs, 83.7% of the yearly horseshoe crab catch. The
remaining 16.3% of the yearly horseshoe crab catch,
133 crabs, was taken in 168 tows. Inshore strata
(numbers 18, 21, and 24}, as well as strata nearest
Delaware Bay (numbers 22, 23, 25, and 26), during
April, August, and October surveys account for most
of the crabs taken throughout the year (Figure 1).
Thus, pooling all sampling strata for all seasons for a
yearly mean CPUE may not provide the best esti-
mate of horseshoe crab relative abundance from year

to year. The New Jersey trawl survey data will be ana-

Iyzed more closely, both spatially and temporally, to
derect trends in horseshoe crab relative abundance.

Figure 1. Survey area of New Jerscy ocean stock assessment program. Strata cor-
respond to those of the National Marine Fisheries Service’s spring and fail
groundfish surveys except at Sandy Hook and Cape Henlopen, where they are
truncared. Longitudinal bosndaries approximate 9.1 m, 18.3 m, and 274 m.
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TasLE 1

New Jersey Horseshoe Crab

Trawl Survey Data, 1988 -1995

No.of  No.of Mean Catch per Standard
Year Crabs Tows Unit Effort Dcviation
1988 518 65 3 30
1989 1,562 191 8.2 299
1990 2,823 163 17.3 63.7
1991 1,150 188 6.1 204
1992 1,316 193 68 17.2
1993 1,014 189 54 16.4
1994 8i6 186 4.4 13.8
1995 918 187 4.9 15.2
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Horseshoe Crab Management in New Jersey

by Peter J. Himchak,
New Jersey Division of Fish, Game and Wildlife

Horseshoe Crab Rule

In response to escalating confrontations between shore-
bird conservationists and horseshoce crab harvesters on Dela-
ware Bay beaches, the New Jersey Division of Fish, Game
and Wildlife { Division) developed and implemented Horse-
shoe Crab Rule N. J. A. C. 7:25-18.16 effective 3 May
1993, The rule, which minimizes the disturbance of migra-
rory shorebirds while they are feeding on Delaware Bay
beaches in New Jersey, also established the Horseshoe Crab
Permit, whereby any person harvesting horseshoe crabs is
required to possess a permit and to provide monthly reports
that include the number of horseshoe crabs harvested, the
area of collection, the gear udlized, and other information.
The Horseshoe Crab Rule did not restrict the number of
horseshoe crabs harvested, but it did restrict times trom
1 May through 7 June when horseshoe crab harvesting
could take place along the Delaware Bay shoreline. Harvest-
ing was allowed on Monday, Wednesday, and Friday during
nightdme hours only.

Although the horseshoe crab harvesting season was
under way when the permit system became effective, 141
permits were issued, and the reported harvese was 252,239
horseshoe crabs. Only 30% of those who obtained permits
complied with reporting requirements, but many permits
were obtained by individuals who subsequently did not

harvested 42,810 harseshoe crabs (13.9% of the total); all
were harvested by hand on Delaware Bay beaches,

The number of horseshoe crab permits issued in 1995
{Table 2) increased substantially as the public became
aware of an amendment to the Horseshoe Crab Rule that
was being developed (discussed below),

Reported estimates of the 1995 horseshoe crab harvest
are still preliminary (Table 3). No harvest has been re-
ported by non-residents. In 1995, two major groups of
non-residents from Virginia and Massachusetts who had
permits in previous years were able to obtain their horse-
shoe crabs without harvesting in New Jersey.

Amendment to N. J. A. C. 7:25-18.16

In response to increased concern over the biological
condition of the horseshoce crab resource, an amendment
two N, . A. C. 7:25~18.16 was developed to provide added
protection to spawning horseshoe crabs and to reduce
the disturbance to migratory shorebirds feeding on the
Delaware Bay waterfront beaches. The amendment was

TABLE 2
Horseshoe Crab Permits Issued, 1993-1995

harvest horseshoe crabs, The Horseshoe Crab Permit is Year Residents Non-Residents  Total
free, but both residents and non-residents are charged a
two-dollar administrative fee to obtain the permit. 1993 109 32 141
The reported total harvest of horseshoe crabs for 1994 .
was 307,446. Table 1 identifies the two predominant 1994 128 23 151
horseshoc crab fisheries: hand harvesting on Delaware Bay
beaches in the springtime, and an offshore trawl fishery 1995 272 13 301
during the late summer and fall. In 1994, non-residents
TABLE 1
1994 Horseshoe Crab Harvest
HAND TRAWL OTHER
Nao, % No. % No. % No. %
Delaware Bay 94,738 30.8 31,386 10.2 4,722 1.5 130,846 426
and Beaches
Adantic Coast 963 3 175,637 57.1 - - 176,600 57.4
Total 95,701 31.1 207,023 67.3 4722 1.5 307,446 100
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TABLE 3
Reported Estimates of 1995 Horseshoe Crab Harvest

HAND TRAWL OTHER TOTAL
No. % No. % No. % No. %
Delaware Bay 98,093  26.6 - 10.2 28,674 78 126,767 34.3
and Beaches
Adantic Coast 500 1 237,070 642 4919 1.3 242489 65.7
33,593
Total “9g 593 267 237,070 o642 9.1 369,256 100
developed by the New Jersey Marine Fisheres Council Thursdays. The amendment docs not restrict the use of
in coordination with the Endangered and Non-Game legal gear (net or other means used) in the prescribed
Species Advisory Committee, bird conservationists, and manner in the bay or Atlantic coastal waters except from
commercial fishermen, 1 May through 31 May when all horseshoe crab harvesting
Adoption of the amendment to the horseshoe crab rule is ‘limitcd. to two days a week by hand only. This provision
will prohibit harvest of horseshoe crabs on the Delaware will provide protcction to crabs during the peak spawning
Bay waterfront at any time. Hand harvcstjng will be per- pCl'i.Od. The amendment further authorizes the Division to
mitted only in back bays and tidal crecks of New Jersey suspend or revoke a harseshoe crab permit for failure to
{minimum of 1,000 k. from bayfront) on Tuesdays and comply with the specified reporting requircments.
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Annual Survey of Horseshoe Crab Spawning
Activity Along the Shores of Delaware Bay:
1990-1995 Summary

by Benfie Lynn Swan, Limuli Laboratories;
William R. Hall, Jr, University of Delaware Sea Grany College Program;
and Carl N. Shuster, Jr, Vizginia Institute of Marine Science

Abstract

Hundreds of volunteers devoted severai thousands of
hours to document the numbers of hurseshoe crabs spawn-
ing on Delaware Bay shores from 1990 te 1995, The
resulting data lead to scveral tentative conclusiens: (1) the
number of spawners shows a steady decline; (2} the ma-
jority of the spawners occur on the “middle” strerch of
beaches along the bay shore; (3) during spawning, males
tend to congregate on the beaches in greater numbers, but
at other times of the year, the male-female ratio usually is
1:1; (4) spawning activity usually is greatest during the
hours of darkness; (5) the loss of spawning habitat should
be 2 concern; {6) the age composition of the spawners
should be determined as a further indicator of the “health™
of the spawning population; (7) the impact of climate and
weather on the occurrence and distribution of the spawn-
ers should be studied; (8) a massive tagging program to
define better the geographical range and abundance of the
populations spawning in Delaware Bay should be consid-
ered; and (9) the survey is an important factor in empha
sizing the importance of horseshoe crabs and the need for
data collection to protect and manage the species.

Discussion

The easiest way to survey the adult component of a
horseshoe crab population is te count the number of
spawners during their peak activity on beaches. This
oceurs, usually in the hours of darkness, during une or
more periods of full- and new-moon high tides, sometime
in the months of May and June; lesser spawning has
occurred in April, July, and August. Climate and weather,
especially cold winters and local storms, have an obvious
but unmeasured impact upon the arrival of the spawners.
As a prerequisite to organizing a volunteer group to make
counts of the spawncrs, a planning board met each winter
from 1990 to 1995 1o select the most probable forthcom-
ing spawning peak activity; in actuality, the Sarurday near-
est the predicted peak was chosen because of the logistics
of assembling volunteers. Spawners are generally of equiva-
lent abundance ar least two days before and afier a full-
maoon high tide; this is usually a suitable “window” of time
within which to observe peak spawning. On some years
{1990 and 1991), the predicted dates of peak spawning

were accurate; on other dates the horseshoe crabs knew
better than the forecasters when to come in.

Initially, the survey {poputarly called a “census™) was
designed to cover all the beaches along the shores of
Delaware and New Jersey where spawning might oceur
during the pre-sekected survey date (based on the study by
Shuster and Botton 1985). Subsequently, through experi-
ence, preater emphasis has been placed on obtaining data
from selected beaches of known high densities of spawners
and for all tull- and new-moon high tides during the period
when horseshoe ¢rabs are active on the beaches. This
affurds a greater concentration of effort to limited areas
over long periods of time. As such, the present approach to
the annual survey is believed to vield a better indicator of
the “health”™ of the populadon than the previous one-day,
baywide survey. We do not have, however, an index to the
age composition of the spawning population. Since recruit-
ment into the spawning population occurs each year and
each adult has the potential for spawning upwards of at
least eight years {Botton and Ropes 1988), the relative per-
centages of young, middle-aged, and old adults would be
an additonal indicator of the “health” of the population.

Briefly, the survey procedure was based on a randem
method. On the selected date, each group of volunteers
counted all the male and female crabs within six 5-m
segments along the water’s edge, 1 m wide, on a beach.
If no crabs were seen, this afso was reported. The volun-
teers placed a base stake on the beach two hours before
high tide. A 100-m string, marked oft with three 5-m
segments before arriving at the beach, was stretched
along the beach to the left and then to the night of
the base stake, The string was used to locate the six
5-m segments.

The results over the past six years, on the selected “cen-
sus” date, indicate a steady decline in the spawning numbers
of horseshoe crabs. Spawning cstimates were about 1.2 mil-
lion crabs in both 1990 (Finn, Shuster, and Swan 1991) and
1991 {Swan, Hall, and Shuster 1992). The 1992 and 1993
estimates were approximately 400,000 crabs cach vear (Swan,
Hall, and Shuster 1993, 1994). By 1994, and again in 1995,
only 100,000 crabs were estimated to be spawning during,
their peak activity on Delaware Bay shores (unpublished data).

The data show refatively wide shifts, however, due to
factors either not clearly understood or measured. In 1992,



for example, the survey was conducted after three weeks of
stormy weather; the crabs did not come inn any numbers
during this survey. After that survey, the observation peri-
od was lengthened to all tull- and new-moon tides during
the spawning season. On i1 June 1994, the number of
spawners was about 343,000 compared o 104,000 on
the day of the survey, 21 May. The majority of the June
spawners were at Big Stone Beach (207,900). These data
also illustrate the wide shifts in numbers and locations. [n
1990 and 1992 (no count was made in 1991}, spawning
estimates for Big Stone Beach were 9,120 and 3,040,
respectively. These estimates were questionable (due to
lack of firm numbers on extent of the spawning arca) and
aberrant at best. During the first three years (1990-92),
the majority of spawners were found on New Jersey
beaches, but shifted to Delaware beaches from 1993 to
1995. Also, not all the cstimates of the lengrhs of the
spawning strands at cach survey location have been walked
off during actual spawning. Originally, as a firse cut, the
distances were ascertained from examination of U8, Geo-
logical Survey topographic maps and then “ground tested ”
Not all locations, however, have been measured accurately.
The strand at Big Stone Beach, tor example, continues to
be estimated at 7.6 km.

The number of beaches surveyed over the past six years
ranged from 15 ro B on the New Jersey side; 21 to 5 on
the Delaware side. In recent years, in part because of the
logistics involved in assembling and assigning the volun-
teers, and to the attention to proven “centers” of spawn-
ing activity, the tendency has been to concentrate on fewer
beaches, These beaches are probably the best indicators of
ovenall spawning activiry. When the data are arrayed on a
south-to-north axis (mouth of Delaware Bay to upstream),
the maost important aspect of location is that the numbers
of spawners create a bell-shaped curve, with the majority
of the spawners coming into the middle beaches. This is
another reason for concentrating the annual survey on the
“miiddle™ beaches, There also have been beach *prob-
lems.” Somie beaches are virtually inaccessible (except by
boat), as at Kent Island off Bombay Hook, Delaware. No
crabs were seen at Woodland Beach, Delaware, from 1990
16 1992, Also, viable spawning beaches have been lost
over the years, as at Moores and Thompsons beaches in
New Jersey. Loss of spawning habitar, particularly in the
“middle™ beach area, will have an impact on spawning
success on Delaware Bay shores because sandy beaches
are the prime, most favorable, spawning arcas.

The annual spawning and resource management sur-
veys by Delaware and New Jersey state agencies contribute
e understanding the horseshoe crab population in the
vicinity of Delaware Bay, Altogether, however, the acrual
geographic range and abundance of this horseshoe
crab population have not been defined, if it is indeed
a single population.

A summary of the data supporting these remarks is
given in Tables 1 through 4 and in Figure 1.
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Figure 1. Yearly horseshoe crab spawning estimares.
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TABLE 1
Horseshoe Crab Spawning Data on Delaware Bay Shore for Pre-Selected Dates 2

Census Estimate of  Percentage of  Percentage of DE Beaches NJ Beaches Ratio
Dates Spawners DE Spawners  NJ Spawners  Survcyed Surveyed  Male to Female
8 June 90 1,240,679 19 81 21 13 2.19
25 May 91 1,224,771 43 57 13 8 2.64
16 May 92 399,147 28 72 13 11 3.13
5 Juae 93 394,039 88 12 9 9 2 49
21 May 94 104,000 74 26 8 15 246
11 Junc 94° 342,884 91 9 4 3.74
27 May 95° 91,864 97 7
10 Tune 95 112912 90 10 7 10 265
Each year, at lcast two months prior to the expected spawning season, a “census” date is selected.
bAddjt:ionaI new-moon date.
TasLe 2
Delaware Beaches Surveyed, 1990-1995
1990 1991 1992 1993 1994 1995
21 13 13 9 8 7
Cape Henlopen - 3 | Cape Henlopen— 3 | Cape Henlopen - 3
Lewes Lewes
Roosevelt Inlet Roosevelt Inlet
Broadkill Broadkill
Prime Hook Prime Hook Prime Hook Prime Hook
Fowler Fowler Fowler Fowler
Slaughter Slaughter Slaughter Slaughter
Cedar Beach
Big Stonc Big Stone Big Stone Big Stone Big Stone

Bennett’s Pier
South Bowers
North Bowers
Kitts Hummock
Pickering

Port Mzhon
Kelly Island
Kent Island

Bombay Hook Ts.

Woodland Beach
Collins Beach

Augustine Beach
Adantic Coast

South Bowers
North Bowers
Kitrs Hummock
Pickering

Port Mahon - 3
Kelly Island

Woaodland Beach

Bennett’s Picr
South Bowers
North Bowers
Kitts Hummock
Pickering

Port Mahon
Kelty Island

Woodland Beach

South Bowers
North Bowers
Kirrs Hummock
Pickering

Port Mahon
Kelly Island

North Bowers
Kitts Hummock
Pickering

Port Mahon

South Bowers
North Bowers
Kitts Hummock

Pickering

Note: Beaches are listed from scouth to north.
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New Jersey Beaches Surveyed, 1990-1995

TABLE 3

1990 (13)* 1991 (8) 1992 (11) 1993 (9) 1994 (15) 1995 (10)
Sunset Beach® Sunset Beach
Higbees
North Cape May North Cape May | North Cape May
Cox Hall Creck
Villas Villas Villas Villas
Norburys Landing | Norburys Landing Norburys Landing | Norburys Landing
South CSI. South CSL South CSL South CSL South CSL
Highs Beach Highs Beach Highs Beach Highs Beach Highs Beach Highs Beach
Pierces Point Pierces Point
Kimbles Kimbles Kimbles Kimbles
Cooks Cooks Cooks Cooks Cooks
Reeds Reeds (2) Reeds (2) Reeds (2) Reeds (2}
Maoores Beach Moores Beach Moares Beach Moores Beach
Thompsons
East Point East Point East Point East Point East Point
Raybins
Fortescue Fortescue Fortescue Fortescue Fortescuc
Gandys Gandys Gandys Gandys
Sea Brecse Sea Breese Sca Breeze Sea Breeze

Wildlite}; Dr. John Kracuter (Haskin Shellfish Research
Laboratory, Rutgers University); Dr. Timothy E. Jacobsen
{Cumberland County College, New Jersey), Dr. Robert E.
Loweland (Department of Riological Sciences, Rutgers
University ), Stewart F. Michels and Jeft C. Tinsman,
Dclaware Division of Fish and Wildlife); Marian |. Pohlman
{Bombay Hook National Wildlife Refuge); 1. Carl N.
Shuster, Jr. (Virginia [nstitute of Manne Science, The
College of William and Mary).

From 1992 1o 1994, parrial support was provided by
a grant from the Delaware Estuary Program, principally
tor the vual function of collaung the data and issuing
an annual summary. Witliam R. Hall, }r., coordinated
the survey conducted along the shores ot Delaware ¢ach
vear; Benjie Lynn Swan coordinated the New Jersey side
ay well a8 the rabulation and summary of the baywide
data. The [ate Dr. Norman Dill was an early protagonist
of the survey and arranged workshops ar Delaware

State Universiry.

a8

Number in parentheses following date indicates toral number of beaches surveyed thar year,
) b
HBeaches are hsted from seuarh to north,
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TABLE 4
Census-Day Comparisons, 1990-1995

Census Full Moon | Spawners | Time | Tidal | Time | Tidal Weather
Dates Date Estimate | AM. | Height | PM. | Height Conditions

8 June 90 8June 90 | 1,240679 | 925 | 35 | 940 4.9 11, | Calm, no wind, no nain, thunder, warm
25 May 91 28 May 91 | 1,224771 | 7:17 | 381 | 740 4.8 . Calm, no wind, no rain, thunder, warm
16 May 92 16 May 92 399,147 | 9:10 ; 40f. | 929 S.3 1 | Cold, wind, low water temp., high waves
5 June 93 4 June 93 394039 | 909 | 40K/ | 931 5.5 f | Warm, rainy, thunder, rough on DE side
21 May 94 24 May 94 104,000 | 8:28 | 4.3 | 8:54 5.7 tt. Clear, slight wind, coul
1] June 94* | 9 Junc 94° | 342,884 | 10:46 | 38/ 1101 | 49 | Cloudy, caim
27 May 95* | 29 May 95 91864 | 814 | 38 ! &®:3) 4.8 fr. | Cloudy, light wind
10 June 95 12 June 95 112812 | 629 | 4.0 ft. 7:03 5.3 f1. Clear, slight wind, mild

. b
1 Additional date New moon

. 1993, Limulus spawning activity on Delaware Bay . 1994, Limuius spawning activity on Delaware Bay

shores, 16 May 1992, Fact Sheet of Delaware Estuary shores on June §, 1993, Esruary News 4(4):7, News-
Program. Available from Pennsylvania Environmental letter of Delaware Estuary Program. Available from
Council, Philadetphia, Pennsylvania Environmental Council, Philadelphia.
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GRoOUP DISCUSSIONS:
SUMMARIES OF FORUM OBJECTIVES

The afternoon session of the Horseshoe Crab
focused on the forum’s four major objectives:

Forum

L. Develop consensus on the status of the horseshoe
crab in the Mid-Atantic Bighe.

2. Determine information niceds to better manage
the resource.

3. Identify rescarch prioritices.

4. Build partnerships among resource agenuics,
research institutions, industry, and environmen-
tal groups.

Participants were divided into tour groups, and cach
group was assigned a forum objective for discussion,
The summaries prepared from those discussions are
presented below.

Objective 1

Develop Consensus on the Status of the
Mid-Atlantic Bight Resource

Group Leaders: John Field, Atlantic Stares
Marine Fisheries Commission, and
Robert Loveland, Rutgers University

Stock Assessment Data

Both fishery-dependent and fishery-independent daca
are scanty; no reliable and lengthy time serics of catch
and effort dara exists.

The information in hand, however, shows some
disturbing trends. Landings from Maine to Virginia
doubled from 1989-1993, from 1 million pounds 1o
2 million pounds, with an assumed increase in effort
(anecdotal reports, New Jersey permit data}. Population
indices derived from National Marine Fisheries Service
{NMFS$) trawl data vary without trend from 19751983,
while post-1983 data have not been anal)jzcd yet. 'Butttm
and Ropey’ study showed similar population smbllff,\'
prior to 1983. However, Delaware 1epartment of
Natural Resources and Environmental Control (DNREC)
trawd studies and Limuli Laboratories’ bC_'-aC]‘l surveys
inside Delaware Bay showed drastic Eicclincs in catch
per unit effort (CPUE) of Limulus from 1990-1994.
Also, sex ratio in the DNREC study became skewed
to favor males 3:1 by 1993, This could be bccg‘usc
the commercial fishery rargets the temales, which
are larger,

Recommendations
« Obtain and analyze post-1983 NMFS trawl data for
Limulus abundance indices.

¢ Request stawes to begin implementing mandatory
cffort /landings reports in horseshoe crab fisheries.

« Initiate tagging studies of sufficient size to determine
coastwide survivorship.

Objective 2

Determine Information Needs to
Better Manage the Resource

Group Leaders: George LaPointe, Atlantic Seates
Marine Fisheries Commission, and
Mark Botton, Fordham University

As we determine how to better manage the horseshoe crab
population, the foliowing perspectives need to be considered:

¢ The need for resources (people, funds) to conduct
assessment.

¢ Should management measurcs be voluntary
or mandatory?

¢ The variability of regulatory programs in states needs
o be addressed:
Virginia: lewis Gillingham, (804) 247-2243
Maryland: Harley Speir, (410) 974-2241
Delaware: Rick Cole, (302) 739-4782
New Jersey: Peter Himchak, (609) 748-2020
South Carolina: Paul Sandifer, (803) 695-6350

¢ Rigor of data and plan:
— tesearch /information needs for management

— quantitative stock assessment to determine
whether horseshoe crabs should be managed

— movement along coast

— include biological reference points (fishing
mortality rate, definition of overfishing)

Economic impacts of management decisions on:
~ fisheries

— bird-watchers
— lysate industry

Are there effective, economical alternatives to the horse-
shoe crab for eel and conch pot bait (artificial bait)?



¢ Identify deficiencies in data sets to improve data quality.

& What are the best means of sampling?
—- beach census
— fishery-dependent dara

® Spring and fall trawl data on horseshoe crabs (from
NMFS) should be analyzed through 1995.

Objective 3
Identify Research Priorities

Group Leaders: Carl Shuster, Virginia [nstitute
of Marine Science, and
Joan Walsh, New Jersey Audubon Society

Research Priovities
# How many horseshoe crabs are there?
# How many adults can we take?

# Where are the horseshoe crabs spawning bay-wise,
and what is the quality of the beaches?

¢ What is an optimurn spawning habitat?
¢ What stage of their life cycle is most crirical?

¢ How important arc horseshoe crabs to the cconomy
and ecology of the bay?

Three major research areas and the need for education/
extension services were discussed, as described separately
below. Stock assessment was identified as the ultimate
objective necessary to conduct a horseshoce crab resource
management program. More detailed information is needed
on population dynamics and habitat, which also were iden-
tificd as important research areas. The central question may
be: Will a massive tagging program be the single-most
effective step toward stock assessment and an understand-
ing of population dynamics?

Stock Assessment

From a resource management viewpoint, the top priority
15 stock assessment, the stock under consideradon being the
adult fraction of the total horseshoe crab population. For
this reason, as an aid in the evaluation of stock assessments,
more must be known abour population dvnamics. Since a
single rescarch entity may not have sufficient resources to
mount a complete assessment, coordination of stock assess-
ment programs may be essential. Indeed, a joint “intera-
gency” rescarch effort may be the most feasibie approach,
Related research areas discussed included:

#* What stock assessment approaches should be undertak-
en? Biological parameter estimates? Surplus-production
and yield per recruit? Collection and evaluadon and
extensive data on commercial landings, catch-per-unit
eftort, biological sampling, trends in abundance, ete.}

¢ What do we know about maximum sustainable vield?

& What is the minimum population of horseshoe crabs
required to sustain each of several uses/needs for the
rugratory shorebirds, for commercial harvests, for
production of lysate and other medical products,
and other uses?

¢ Validation of the current spawning survey (“census™)
techniques,

¢ Can spawning areas be identitied from satellite
photographs?

¢ Development of a synthetic bait substitute for cels,
whelks, and catfish.

# Application of results of population dynamics research
to stock assessment.

Population Dynamics

Certain aspects of population dynamics run paraflel with
stock assessment. Some of the research arcas that are needed
to betrer understand the “Delaware Bay™ horseshoe crab
population include the following:

+ Alifc history model and a longevity table including
all instars. (Loveland)

¢ The most critical stage of the life cycle of horseshoe
crabs. It is obvious that large quantties of eggs are lost,
but what percentage of the total laid? Is this crucial? Is
it possible that the first instar, the so-called “trilobire™
larva, is the mast critical stage; is it most vulnerable
because it is exposed on the intertidal flats at low tide
to migratory shorebirds and/or to small fish in the
shallow water?

& ‘The spawning magnitude per female per vear. Are one
or two clutches of eggs matured and spawned each vear?

e Development of visual or other criteria of the age of
adult horseshoe crabs. Will the age of adults better
define the overalt “health” of the spawning popula
tion? Can the percentage of the adulr-age classes
being harvested be assessed by aging technigues?

o Tagging is a tool for ascertaining longevity, abun-
dance, and distribution of individuals. What percent-
age of the presumed /estimated population must be
tagged to obtain meaningful results? What percentage
of the “Delaware Bay” population of horseshoe crabs
spawn in the coastal embayments of New Jersey and
the Delmarva Perinsula?

# Rescarch on population idendtication. Can biochemi-
cal definition of populations be a uscful tool in defining
populations? Can biochemical “Hngerprnting™ be use-
ful in ascertsining abundaice and distribution? (Pieree )

Habitat “Needs” vs. Loss of Spawning Habirar

Discussion of habitat centered on beach replenishment
programs and what could or should be done regarding



horseshoe crabs, especially in relation @ spawning habi-
rat. Ancillary questions that should be answered included
the following:
& Effects of management plans?
¢ Beach replenishment plans and quality of beaches
{for spawning)?
o How do homeshoe crabs “use” beaches — selectivity,
distribution of nests, ¢tc.?

Education

Research results need to be transmitted to the general
public. Potential venues include the following:
© Workshops for fishermen and the general public
& Participation in horseshoe crab events/fairs, such as
the Wildwood Crest Horseshoe Crab Festival held
the fast weekend in May in Lower Township, Cape
May County, New Jersey

¢ LEcotourism

Objective 4

Build Partnerships Among
Resource Agencies, Research Institutions,
Industry, and Environmental Groups

Group Leaders: Kaven Day, U.S. Fish and
Wildlife Service, and Joseph Farrell,
University of Delaware Sea Grant
Manne Advisory Service

With a trend roward belt-tightening in resource agency
budgets, partnerships are seen as an important way of shar-
ing talent and financial resources,

Partnerships arc a method of resolving resource issucs.
The group emphasized the importance of capitalizing on
existing partnerships that are involved in different aspects
of the horseshoe crab resource.

The Delaware Estuary Program’s Comprehensive
Conservation and Management Plan and the New Jersey
Department of Environmental Protection’s Shorebird
Management Tlan are examples of existing multi-party
partnerships that can be built on. '
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Functional partnerships, builr around identified needs,
include the fullowing:

4 outrcach/cducation

# dazta collection /sharing

& research/monitoring,

+ regulation,/consistency

& resource use/management

Partniers may include traditional, as well as nontradi-
tional ones:

+ a new Delaware Bay foundation, a possible mecha-
rism for funding outreach work groups (such as
participants from this forum)

LAL labs

fishermen
pharmaccutical industey
medical community
environmental groups
volunteers

media

* 4+ 4 4 &+ ¢+ 0+ 9

Internet

Examiples of questions that could be addressed with
partnerships include the following:

1. What is the critical level of horseshoe crabs necessary
to sustain the shorebird population?

2. How much beach do spawners need?

3. How do we get fishermen involved in conserving
the resource?

Orher Considerations

We need to inventory what we abrcady have in such
things as outreach education and source material. We
need to determine funding mechanisms for partnerships
and criteria for getting funding. And most important,
we need to keep in mind opportunities for integration /
networking /communication.



EPILOGUE

analysis, and new and continuing research projects are contriburing,

information to help us manage the horseshoe crab resource wisely in
the future. The following is 2 roundup of horseshot crab-related activities in the
Mid-Atlantic area that have taken place since the forum.

Much has happened since this forum. New reporting requirements, data

Research

Patrick Gaffney (University of Delaware College of Marine Studies) provided
a summary of results from a pilot research project undertaken in his lab in the
summer of 1996. His group examined mitochondrial DNA of Atlantic coast
horseshoe crabs from New Hampshire to Georgia using high-resolution denatur-
ing electrophoresis. The data suggest that the New Hampshire horseshoe crab
population is genetically distinct from the rest, and there is 2 chance that the
Delaware Bay population also may be. More samples from all sites are necessary
to confirm initial impressions, but it appears that Cape Cod acts as a barrier 10
gene flow in Limselus. This could have important ramifications as resource man-
agement decisions are made,

Nancy Targett ( University of Delaware College of Marine Studies) and Joc
Farrell (University of Delaware Sca Grant Marine Advisory Service) received fund-
ing support from Delaware Sea Grant for their proposal, “Mimicking Horseshoc
Crab Eggs: In Search of an Artificial Bait.” The goal of this project first is to iden-
tify the attractant in the horseshoe crab and then to devise a method to artificially
duplicate it. Once the bait works successfully in laboratory tests, local ccl and whelk
fishermen will field-test the bait. This project began in early 1997, and first-year
results are very encouraging.

Dave Carter {(Coastal Management Program, Delaware Department of Natural
Resources and Environmental Control) is coordinating a collaborative effort to
“Evaluate the Ecological Benefits of Delaware Bay Community Beach Replenish-
ment Projects,” Quantitative data are being collected to test the hypothesis that
Delaware Bay beach replenishment projects in the bay reach (extending from
Kelly Island to Beach Plum Island) are benefictal for horseshoe crab spawning as
well as for shorebirds by increasing their staging areas.

In a 1990-91 survey, Mark Botton and Bob Loveland surveyed beaches on
the New Jersey side of Delaware Bay (“Site Selection by Migratory Shorebirds in
Delaware Bay and Its Relationship to Beach Characteristcs,” Auk 111:605-616).
With funding support from the New Jersey Department of Environmental Pro-
tection, the New Jersev Audubon Society, and the Nature Conservancy, Drs. Botton
and Loveland resurveyed these beaches in 1996 using the same sampling approach
as in their 1990-91 survey.

During the summer of 1996, Cart Shuster pursued leads on the carly “king
crab fishery and cancerine industry™ as the horseshoe crab fertilizer business was
once known, The ensueing manuscript is a historical review of some of the key
players in the king crab fishery and fertilizer industry of Delaware Bay and the
sites of operation. ‘



Management

Several states promulgated new regulations related to‘horscshue crab harvest.
New Jersey closed Delaware Bay waterfront beaches during the horseshoe crab
spawning period to maximize horseshoe crab eggs as a food source for migrating
shorebirds, and in Scptember 1997 adopted new regulations that established eligi-
bility criterta for fishermen, climinated the trawl fishery and dredge by-catch, and
modified the harvest season,

In Delaware, the Department of Natural Resources and Environmental Control
(DNREC) has proposed regulations for the 1998 scason (going through the public
hearing process now) that define the ctiteria for ¢ligibility for a horseshoce crab
commercial collecting permit; control the time and arcas where horseshoe crabs
may be harvested; limit the number of horseshoc crabs that may be dredged in onc
day; define the cquipment that may be used to store and for transport horseshoce
crabs: and require monthly reporting of the harvest of horseshoe crabs.

Stewart Michels (DNREC, Division of Fish and Wildlife) is looking at the post-
1983 National Marine Fisheries Service trawl survey and New Jersey/Delaware
spawning survey data to see how well the indices arc wracking each other, Stew also
reports that Delaware’s Division of Fish and Wildlife is continuing to collect data
ot horseshoe crabs as part of their annual adult and juvenile trawl surveys.

While Virginia established licensing requirements for harvesting horseshae
crabs by hand in 1996, Maryland initiated new reporting requirements in
January 1996 and is considering the adoption of emergency regulations before
the 1998 season. Tom O’Connell, Maryland Department of Natural Resources,
also reported that horseshoe crab tagging studies were conducted in Maryland’s
coastal bays and in the Chesapeake Bay. The Maryland Department of Natural
Resources® Fisheries Service also recently published a very informative “Horse-
shoe Crab Newsletter.™ Contact Tom for a copy.

Education

On the education front, the University of Delaware Sea Grant College Program
coordinated a special horseshoe crab exhibit in conjunction with Coast Day 1996,
Collaborators on the interactive multi-station exhibit included BioWhittaker, Inc.,
and the Delaware Department of Natural Resources and Environmental Control’s
Division of Fish and Wildlife Aquatic Resources Education Center and the Non-
Game and Endangered Species Program. Approximately 11,000 visitors attended
Coast Day, and judging from the large crowds in the horseshoe crab exhibir all day,
most of them passed through the homseshoe crab exhibir area.

Conciuston

The University of Delaware Sea Grant College Program is committed to a collab-
orative approach in identifving and addressing important marine resource manage-
ment issues. We welcome future opportunities to sponsor additional forums that will
turther clarify research or management questions refated to horseshoe crabs.

Joseph (5. Farrell

University of Diclaware Sea Grant College Program
Coordinator, Horseshoe Crab Forum

(302) 645-4250

jfarrell@udel.edu



APPENDIX A:
ANNOTATED BIBLIOGRAPHY
OF HORSESHOE CRAB INFORMATION
Compiled by Carl N. Shuster, Jr.

Sources of Information on the
Historical Abundance of Horseshoe Crabs
in the Delaware Bay Area

$mith cited Rathbun’s (1880} warning about the
decrease in horseshoe crab abundance and noted thart the
yield in 1880 (4.3 million horseshoe crabs) was more
than double that in cach of the years 1887-1890. The
horseshoe crab ferdlizer factory in New Jersey, at West

Creek, handled about 1.3 million horseshoe crabs
{almost the entire catch of the state) each year in 1887
and 1888 and produced an average of 800 tons of horse-
shoe crab fertilizer in cach of those years. Then, Smith

U.S. Commission of Fish and Fisheries
{and successor agencies):

Rathbun, R. 1884. The Xiphosura, The horseshoe crab,

Lisnulus polyphemus Latreille. In The fisheries and fishery
industries of the United States, ed. G. B. Goode,

Section I, Vol. 1, 829-30. Washington, DC: 11.5.
Commission of Fish and Fisheries.

“During the winter they [horseshoe crabs] are often
taken out in Dieclaware Bay by the oyster dredgers. They
are very much less abundant now than formerly, on
account of so many having been caught from vear to year
for use as fertilizer. [t would appear as though a few years
more of indiscriminate capture would result in their being
entirely exterminated from the region. The men catch
them mainly in their hands, as they come upon the
beaches, but they are alse captured in pounds and weirs.”

Rathbun, R, 1887. The commercial importance of the
horseshoe crab. In The fisheries and fishery industries of
the United States, ed. G. B. Goode, Section V, Vol. 2,
652-57. Washingron, DC: U.S. Commission of Fish
and Fisheries.

Rathbun reported ever-decreasing numbers of horse-
shoe crabs: “Horseshoe crabs are becoming constantly
less abundant i Delaware Bay, owing 1o the practice of
capturing, so far as possible, every individual that comes

speculated, “1t scems probable that before long the deci-
mation will become so pronounced that the profitable
prosccution of the fishery will be impossible; then it is
hoped that the employment of the destructive forms of
apparatus [pound nets] will be discontinued and the
crabs given an opportunity to multiply unrestrictedly for
a few vears at least.” He also observed thar the diminu-
tion of the abundance of the crabs was chietly due to the
capture of the crabs during the spawning season, usually
beforc they reached the beaches to spawn.

Shuster, C. N, Jr., and M. L. Botion. 1985. A contribution

to the pupulation biotogy of horseshoe crabs, Limulus
polvphemaes (L), in Delaware Bay. Estuaries 8:363—72.
Summarized fisheries statistics of the United Srates,
1870s through 1980s. The Delaware Bay fishery, mainly
for fertilizer and livestock food, showed a gradual de-
cline over the years from an average of 4,300,000 horse-
shoe crabs harvested each vear in the 1870s to 42,004}
in the 1960s, followed by no reportable harvests in the
1970s and 1980s. ¥stimated 222,000 males and 31,000
females at the peak of the 1977 spawning season.

National Oceanic and Atmospheric Administration,
National Marine Fisheries Sevvice (NMFS):

Botton, Mark 1., and John W. Ropes. 1987, Populations of

upon the shore,”

Smith, H. M. 1891. Notes on the king-crab fishery of
Delaware Bay. Bufl. U.S. Fish. Comm. 9{19}:363-70.

Of all the fishenies for horseshoe crabs along the Atlantic
coast, only in Delaware Bay was harvesting “a well-defined
industry.”™ The extent of the fishing season varied from two
to three months (May through July); the fishing centers
were from Town Bank 1o Heislerville [probably Thomp-
sons Beach], with about seven-eighths of the catch being
made between the arca oft Dennisville and Fishing Creek.
In 1890, about three-fourths of the yvield was raken in the
vicinity of Goshen, Dias Creek, and Green Creek: 335,000;
410,000; and 411,000 horseshoe crabs, respectively.

While considerable numbers were caught by hand on the
spawning beaches, the use of pound nets was becoming
more extensive cach year.
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horseshoe crabs, Linslus polypbemus, on the northwestern
Atlantic continental shelf. Fisk. Bufl 85(4):805-12.

The highest abundance of horseshoc crabs, collected
by bottom trawl and ocean clam surveys, 1975 through
1983, from 9 m and deeper, was from Virginia to New
Jersey. Thus, large numbers of horseshoe crabs are in the
proximity of the principal spawning arca, Delaware Bay,
and nearby coastal embayments, Approximately 90% ot
the minimum estimated standing stock in that arca,
2.3-4.5 million individuals, were located at depths Jess
than 30 m. Fewer horseshoe crabs were taken on the
shelf during those months when spawning occurred in
the estuarics.



Botton, Mark L., and John W, g, . - )
shoe crab, Limunlus Poi_vphemu;)p%‘ 1987. The horve

. ) fi shoery b o]
the United States. Mar. Fisgy l{e::h‘;‘;gg:;l.gj??:;ur“ "

Fishing-related mortality § __ i
mated t:ninimally at 350,0r)y()lr;,g?;i?ﬁii‘;?;i‘;j::m-
mostly mlthc de_d]c Adantic and southern New Engiand
states. Bait operations at the time apparently killed 10 to
20 times the n_umbcr of animals Killed when bled to obtain
mf:djcal materials. According to the NMFS surveys, the
mid-Atlantc contnental shelf population of horseshoe

crabs remained relatively constant from 1964 through
1977 at 2.3- 4.1 million. om roug|

Virginia Institute of Marine Science (VIMS):

Shus.tcr, C.N., Jr. 1982, A pictorial review of the natural
history and ecology of the horseshaoc crab Limulus poly-
phemus, with reference to other Limulidac. In Physisleqy

and biology of horseshoe crabs, ods. 1. Ronaventura, C. Buna-

venturg, and S. Tesh, [-52, New York: Alan R Liss, Inc.

Page 26: Paul A, Haefner, Jr. (VIMS, personal commu-

nication, 1979), reported more tomales than males (3 F:
0 M) at depths of 17-39 m on the continenal shelf off
Virginia in carly June 1973, and 96 F:17 M in mid-
November 1974 at depths ©of 23 —45 m.

Shuster, C. N., [r. 1985. Introductory remarks on the dis-
tribution and abundance of the American horseshoe
crab, Limulus polyphemues, spawning in the Chesapeake
Bay area. In The Chesapeake Bay— proiogue ro the future,
34-38. Proceedings of the Chesapeake Bay Symposium,
National Marine Educators Conference.

Delaware Bay and Chesapeake Bay populations of
horseshoe crabs may overlap atong the Delmarva coast.,

Delaware Department of Natwural Resourcesand
Envivonmental Control, Division of Fish and Wildlife:

1990 present, unpublished: fishery resource data obtained
within Delaware Bay by a 30-ft. otter trawl.

Includes abundance and sex-ratio dara of adult horse-
shoe crabs for 10 months at 9 tixed stations cach year in
the Delaware portion of the bay. Over the years, abun-
dance has decreased and the s¢x ratio has shifted from a
I-to-} ratio toward a deg¢reasc in females:

« Abundance information (376 1ows trom 1990
through 1994; rotal of 3,117 horseshoc crabs
collected)—annual catch ratcslmngc}i fromy 18.6
adult homseshoe crabs per paatical mile in 1990

o 2.4 in 1994.

& Scx ratios for the vears 1990 through 1994,

. e 1990 (83.7M, 46.3F);
expressed as a percentage 1 ) 20 H
19%1 (47.9M psz.l F); 1992 (50.1M, 49.9F); 1993

Envivonmental Protection

New Jersey Department of prine Fisheries:

and Energy, Burcan of M#a
ed fishery resource data

1989 —present, unpublish W Jersey offshore waters).

{(otrer trawl data from Ne
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A preliminary analysis of the data (1989 through
1994) by Drs. Robert F. Loveland and Mark L. Botton
on 16 June 1995 indicated a f;n:ad_\_' decline in the oft-
shore horseshot crab populauon. Among the analyses
used was 2 running average on the dara for carch per
unit effort, by numbers of horseshoe crabs, for all tows.
They concluded that the New Jersey trawl data appeared
to show the same rrend as the Delaware Bay shoreline
spawnling survey and the Dr:la_wa;c DNREC Division of
Fish and Wildlifc traw! data within the bay and was con-
sistent with the jmpression t]ja_t ths: spawning population
within the bay has been declining in the past few years,

Otber Delaware Bay Fisheries Information:

Eowler, H. W. 1908. The king crab fisheries m Delaware
Bay, 113119 + pls. 59— 65. 1907 Annual report of the
New Jersey Statc Museum, Trenton.

Cites Professor George H. Cook (Geol. Cape May Co,,
1857 — King crabs, or Horse-feet: pp. 105-112) as the
first important account of the horseshoe crab in the waters
of the bay shore of Cape May County: “The whole strand
for many miles would be covered with them, sometimes
2 or 3 deep. A resident of Town Bank reported that on his
shore of 100 rods he could get 100,000 in a week. Of
about halfa mile of the strand 750,000 were taken in
1855, and 1,200,000 . . . on about a mile in 1856.”

Shuster, C. N., Jr. 1960. Horseshoe “crabs™—In farmer
years, during the month of May, these animals dominated
Detaware Bay shores. Estsarine Bull. (University of
Delaware) 5(2):1-9.

By 1953, the 78-year-old Samuel Compton of Dias
Creek, one of the last of the old-timers in the horseshoe
crab fishery, tended a pound netina horse-drawn cart
(from The Sunday Bulletin, Philadelphia, 21 Tune 1953).

Annual Volunteer Survey of Horseshoe Crabs
Spawning on the Delaware Bay Shoves:

Finn, J., C. N. Shuster, Ir,, and B. I.. Swan. 1991. Limulus
spawning activity on Declaware Bay Shores, 1990. Private
printing (Finn-Tech Industries), brochure. {Reprinted in
The Society of Natural History of Delaware, 1991:6.}

Swaq, B. L., W. R. Hall, Jr., and C. N. Shuster, Jr. 1992. .
Limaulus spawning activity on Delawarc Bay shores 25 May
1991. Fact Sheet of Delaware Estuary Program. Available
from Pennsylvania Enviconmental Council, Philadelphia.

Swan, B. L., W. R. Hall, Jr., and C. N. Shuster, Jr. 1993.
Limulus spawning activity on Delaware Bay shores, 16 May
1992. Fact Sheet of Delaware Estuary Program. Available
from Pennsylvania Environmental Council, Philadelphia.

Swan, B. L., W. R. Hall, Jr, and C. N. Shuster, Jr. 1994.
Limulus spawning activity on Delaware Bay shores on
June 5, 1993, Equary News 4(4):7. Newsletter of
Delaware Estuary Program, Available from Pennsylvania
Environmental Council, Philadelphia.

Unpublished 1994 dagq.

Annu;xl h()l:SCShoc crab spawning survey data indicate
a general decline in abundance of spawners over the



vears (based onan annual one-day survey of the num-
bers of horseshoe crabs spawning on the shores of Dela-
ware Bay checked, in 1993 and 1994 against weekly
data ar a few major spawning areas). These data are con-
sidered to be only very rough indicarors of the peak
spawning activity during these years:

¢ 8 June 1990 (1,241,000; 2.19 males /temale)

+ 25 May 1991 (1,225,000; 2 64 males female )

¢ 16 May 1992 (399,000; 3.13 males /temalc)

# 5 June 1993 (394 ,039; 2 49 rales /female)

¢ 21 May 1994 (104,000; 2 46 males /temale)

¢ 11 june 1994 (535,000; 3.74 males /temale)

Maryland Department of Natural Resources,
Tidal Fisheries Division:
A new fisheries program in Chesapeake Bay and the coastal
bays. The Maryland program has two major components;
1. Studies on the Horseshoe Crab Population and
Its Habitats:
¢ Survey of horseshoe crab spawning population,
including delincation of spawning habitat,

¢ Shorebird activiey associated with horseshoe crab
spawning.

¢ Installation of a horseshoe crab “hotline™ o alert
staff of the location of spawning horseshoe crabs, etc.

# Initiation of a ragging program in 1995 {about
1,600 ragged so far).

# Collection of morphometric and “age™ data, by sex.

+ Initiation of a study, in 1996, on the enviroamental
factors affecting the temporal variability in the
utilization of spawning beaches by horseshoe crabs.

¢ Initiation of a study, in 1996, to determine if
Maryland’s horseshoe crab spawning survey
methodology could be used to develop a statisti-
cally valid index of abundance.

2. Resource Management:

In recognition of the importance of horseshoe crabs,
Maryland and Virginia, in 1994, adepted a joint manage-
ment plan on horseshoce crabs that included the folfowing:

¢ Development of a mandarory reporting procedure
for MD horseshoe crab harvesters.

¢ Beginning in 1996, prohibition by Maryland on the
use of all benthic collection gear and hand-harvest
within Chesapeake Ray, the coastal bays, and within
1 mile off the Atlantic coast shoreline, from 1 April

through 30 June, except on Mondays and Thursdays.

# In 1996, a survey of cel harvesters (o ascertain the
scope of the use of horseshoe crabs for bait.

¢ In 1996, initiation of a study to charactenize the
offshore hotseshoe crab fishery in Maryland.
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Sources of Information on the Natural
History/Ecology of Horseshoe Crabs

Abundance and Distri&ution:
Baptist, J. P, O. R. $mith, and J. W, Ropes. 1957. Migra-

tions of the horseshoe crab, Limulus polyphemus, in
Plum Island Sound, Massachusetts. US. Dept. of the
Interior, Fish and Wildlite Service, Special Fisheries
Report, Fisherirs 220:1 -11.

From 1952 through 1954, 1,780 horseshoe crabs
were tagged and released in or near Plum Island Sound.
Recovery of the tagged hBorseshoe crabs revealed that
( 1} individual horseshoe crabs probably spent a relatively
short time in the sound each vear during the spawning
migration; (2) although recoverices of individual horse-
shoe crabs indicated a fairly rapid seaward migration
throughout the summer, the offshore migration was
most evident during September; (3) tagged horseshoe
crabs were recaptured at distances up to 7 nautical miles
from point of release; (4) ragged horseshoe crabs were
recovered tour years atter tagging; (5) there was a fairly
discrete population of horseshoe crabs in Ipswich Bay;
and {6) population estimates, based on tag returns,
ranged from 151,000 (4 June 1954) ro about
1,000,000 {summer of 1953).

Button, M. L., and J. W. Ropes. 1987, Populations of

horseshoe crabs, Lisnaelzes polvpbemus, on the northwest-
ern Atlantc continental shelf. Fish Bull 85(4).805-12.
Ninety percent of the horseshoe crabs obtained dur-
ing the Northeast Fisheries Center (NMFES/NQOAA),
by bottom trawl and ocean clam surveys from southern
New England to North Carolina, was between New
Jersey and Virginta (where the estimated minimum
standing stock was 2.3 — 4.5 miillion individuals).

Milne, L. J., and M. J. Milne. 1947 Horseshoe crab—is

its luck running out? Fazerna 9:66—72 { Zoological
Society, Philadelphia),

Reported thata Cape May beach vielding only 150,000
annually was the same area where 500,000 horseshoe crabs
were harvested only a decade before.

Botton, M. L, and J. W. Ropes. 1987, The horseshoe crab,

Lowmulus polyphemus, fishery and resource in the United
States. Mar. Fish. Rev. 49(3):57-61.

Based on the National Marine Fisheries Service ground-
fish surveys, the horseshoe erab population on the mid-
Atantic contnental shelf remained relacively constant
between 1975 and 1983, ar 2.3 10 4.1 million individuals.

Shuster, C. N, I, and M. L. Bortton, 1985. A contribution

to the populatim? biotogy of harseshoe crabs, Timulus
polyphemus (1.}, in Delawgre Bay. Estwaries 8:363-72.

T h‘:‘ 1977 peak population of spawning horseshoe crabs
was estirnated to be aboue 222 000 males and 51,000
females. This estmation was based upon a shoreline survey
of Spawmng MEnsItY, COrrobarated by a quantiticaton of
cgg nests in a beach. ’



Shuster, C. N., Jr. 1950 Obscrvations on the patural history
of the American horseshoe crab, Limalus polyphemus, Con-
mbution No. 564:18-23. Woads Hole, MA: Woods Hole
Oceanographic Institution.

The Barnstable Harbor {Cape Cod, Massachusetts)
poputation of horseshoe crabs was estimated to be
between 50,000 and 100,000 (based on the results

of a tagging study).
See also the following list on tagging studies.

Tagging Studies:

Shuster, C. N., Jr. 1950. Observations on the natural history
of the American horseshoe crab, Limslus polyphemus.
Contribution No. 564; 18~23. Woods Hole, MA:
Woods Hole Oceanographic Institution.

First tagging study — on the Cape Cod Bay popula-
tion ~ demonstrated that plastic tags remained on the
horseshoe crabs for at least two years; one individual,

a female, was recaptured 21 miles from point of tagging/
release, 56 days later; the shortest-time, longest migration
of & fermale was 12.0 miles in 32 days,

Baptist, J. I, Q. R. Smith, and ]. W. Ropcs. 1957. Migra-
tions of the horseshoe crab, Limulus polyphemus, in
Plum Island Sound, Massachusetts. U. S. Dept. of the
Interior, Fish and Wildlife Service, Special Fisheries
Report. Fisherier 220:1-11.

Tagged horseshoe crabs moved for at least 15 miles
from release points in Plum Island Sound.

Rudluoe, A, 1981, The cffect of heavy bleeding on mortality
of the harseshoe craby, Limulus polypbemus, in the natural
environment. J. Inverr. Path. 42:167-76.

Tags were used 1o identify the study population and
its survival,

Shuster, C. N, Jr. 1990. Tracking horseshoe crabs. Under-

water Naturalist, Bull. Amer, Littoral Soc. 19:22-23.
Diescribes tagging program instituted by the late

James Finn, president of Finn-Tech, The tagging

program has been continued by Benjie Lynn Swan

of Limult Laboratories who provided the following

wnpublished file data:

¢ 6,200 adult horseshoe crabs were tagged on the
shores of Delaware Bay ( Delaware = 3,300, New
Jersey = 2,900) from 1990 to 1995, mainly in May
and June although some were tagged earlicr and
later in the year. OF these, 49 live ones (20 females,
29 males) have been recaptured (16 of those tagged
on New Jersey shores [16 males, 10 females]; 33
on Delaware shores [22 males, 11 females]) ,

28 were recaptured in less than one month after
tagging, (range 0 1o 22 days; average 7 days) from the
33Me stte or area near site of release {5 New Jersey =
2 males, 3 females; 23 Delaware = 17 males, 6 fe-
males). [Note: actually, an additional 2 m()n:, males
tagged on 5 June 1995 ar Fase Point, New Jersey, 1
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and recovered, also in June, at Martha’s Vineyard,
Massachusetts, have not been included in this sum-
mary; it can be assumed that they were transported
to New England, and for some reason were discarded
there alive.

¢ 11 were recaptured in two to five months; 6 of
these were retaken at or near site of release bur 4
were taken outside of Delaware Bay (3 near Ocean
City, Maryland = 1 female tagged on 9 June 1990
at Cape Henlopen, Delaware, and recovered on
10 August 1990; and ] male and 1 female ragged on
10 June 1993 at Pickering Beach and recovered on
4 September 1993 south of Ocean City, Marytand,
and 1 female tagged on 16 May 1992 at Highs
Beach, New Jersey, was reraken on 27 October 1992
at Hereford Inlet, New Jersey)

¢ 4 were recaptured in 7 to 11 months, 2 near point
of release {1 female ragged at Highs Beach, New
Jersey, was retaken at Reeds Beach, New Jersey,
1 female was tagged and recovered at Pickering
Beach, Delaware; 1 female had migrated from
East Point, New Jersey, to off Ocean City, Maryland,
and the other, a male tagged at Big Stone Beach,
Delaware, was recovered across the bay at Villas,
New Jersey).

¢ 4 were recaptured from one to three years (average
of two years) after release. Three were taken near
point of release (1 male and 1 female were ragged
and recovered at Highs Beach, New Jersey; 1 male
was tagged and recovered at Pickering Beach, Dela-
ware), and 1 [a male] released at Pickering Beach
was retaken at Reeds Beach, New Jersey.

Comments

Distances traveled and time of travel are not revealed by
tagging in most cases; all that are usnally certain are the dates
and places of tagging and the dates and places of recovery.
Nevertheless, 1 female released ar East Point, New Jersey, was
recovered off Qcean City, Maryland, within seven manths
{(from 10 June 1994 tagiing to 4 January 1995 recovery).

Tagged horseshoe crabs were recovered, alive, up to
three years after tagging, proving that both crabs and tags
can survive that long,.

10 vecaptures bad “everwiniered™

+ 1 recaptured during the first winter — a female
horseshoc crab released at East Point, New Jersey,
on 10 June 1994 was caught oft Ocean City,
Maryland, on 4 January 1995.

6 had overwintered one full winter:

+ | female tagged on 8 June 1990 at Port Mahon,
Delawarc, and recovered on 5 May 1991 at Bowers
Beach, Delaware.

& 1 male tagged on 9 June 1991 ar Highs Beach,
New Jersey, and recovered on 26 July 1992 at
Highs Beach, New Jerscy.



« | female tagged on 23 October 1991 at Highs
Beach, New Jersey, recovered on 5 May 1992 at
Reeds Beach, New fersey.

¢ | female tagged on 10 June 1994 at East Point,
New Jersey, recovered on 4 Janoary 1995 oft
Ocean City, Marvland.

+ 1 male ragged on 25 June 1994 at Big Stonc Beach,
Delaware, recovered on 11 May 1995 at Villas,
New Jersey.

¢ 1 female ragged on 25 June 1994 at Pickering
Beach, Delaware, recovered on 21 May 1995
at Pickering Beach.

2 over nwa wingers:

+ 2 males; both tagged 10 June 1993 at Pickering
Beach, Delaware, with one recovery on 11 May
1995 at Reeds Beach, New Jersey, the other on
10 June 1995 on Pickering Beach.

1 female for three winters:

¢ ragged 16 May 1992 ar Highs Beach, New Jersey;
recavered 8 April 1995 at Highs Beach,

Oser 60% of herring-pull and grear black-backed-gull
artacks on overturned adult horseshoe crabs were on the
unprotected book gills. The horseshoe crabs usually
responded by flexing their bodics and thrusting their
telsons upward. Once the horseshoe crabs were weak-
ened, the gulls removed the legs to get at the “liver”
and in females, the cggs.

Boton, M. L., and ]. W. Ropes. 1989. Feeding ecology of

horseshoe crabs on the continental shelf, New Jersey to
North Carolina. Bull. Mar. Sci. 45(3):637—47.

Horseshaoe crabs, collected at 11- to 39-m depths
along the continental shelf from North Carolina to New
Jersey, fed primarily on bivalve motlusks. Prey ranged
from 1 - 20 mm in shell length. Immarure and marure
horseshoe crabs had essentially the same diet, qualita-
tively and quantitatively. Food consumption was higher
in September than in March or July. Horseshoe crabs
atzain their greatest densities in the relatively shallow
waters (less than 30 m) between southern New Jersey
and may be among the more significant predators of
bivalves in that region.

Botton, M. 1., R E. Loveland, and T. R Jacobsen. 1994. Site
selection by migratory shorebirds in Delaware Bay, and its
relationship 1o beach characteristics and the abundance of

Ecological Considerations, Especially the Food Web:
Botton, M. L. 1984. Diet and food preferences of the adult

horseshoe crab Limulus polyphemus in Delaware Bay,
New Jersey, USA. Mar Sci. 81:199-207.

This study found that adult horseshoe crabs in the
Delaware Bay area fed on a wide variety of benthic inver-
tebrates (plant material and some 41 groups of small ani-
mals). A comparison of the gut content with cstimates of
available prey showed that the most abundant clam,
Gremma gemma, was avoided in preference to the thinner-
shelled but comparatively scarcer clam, Mulinia lateralkis.
When present, the soft-shelled clam, Mya arenaria, was
taken cqually as same-sized Mulinia.

Bortron, M. L. 1984. The importance of predation by

horseshoc crabs, Limulns polypbemus, to an intertidal
sand flat community. J. Mar Res 42:139-61.

The impact of predation on intertidal flats near spawn-
ing beaches was investigated using cages. In 1978 and
1979, protected sediments contained significantly more
biomass and species than the unprotected sediments.

Botton, M. L, and H. H, Haskin. 1984, Distribution and

feeding of the horseshoe crab, Limuius polyphernus, on the
continental shelf off New Jersey. Fish, Bull. 82(2):383-89.
Horseshoe crabs werce obrained during hydraulic dredge
surveys of surf clam resources within 3 nautical miles of the
coast of New Jersey. Various benthic organisms were con-
sumed, primarily bivalves, arthropods, and polychaetes,
Surf clams, from less than 1 mm to about 35 mm in
length, were important in the dier of horseshoe crabs.

Botton, M. L., and R. E. Loveland. 1993. Predation by
herring gulls and great black-backed gulls on horseshoe
crabs. Wilson Brli, 105:518-21,

hotseshoe crab Limaslus polyphesmus eggs, Auk 111:605-16.

The distribugon of migratory shorebirds on seven
beaches within Delaware Bay was examined for prey abun-
dance and shoreline characteristics, mid-May to early Junc,
in 1990 and 1991. Red knots, sanderlings, ruddy turn-
stanes, and “peeps” comprised nearly 100% of the shore-
birds. Horseshoe crab eggs were the most abundant food
item on those beaches. The shorebirds aggregated at places
along the shore where shoreline discontinuities {jettics and
spits at mouths of salt-marsh creeks), “trapped” water-
borne horseshoe crab eggs and concentrated them. In gen-
eral, both horseshoe crab eggs and shorebirds increased
along the bay shore from Higbees Beach {near Cape May
Point] to Moores Beach (32 km up-bay).

Castro, G, . I Mvers, and R. E. Ricklefs. 1992. Ecology

and encrgetics of sanderlings migrating to four latitudes.
Ecolggy 73(3):833-844.

A study of the ecophysiological responses of sanderlings
to their nonbreeding environments in New fersey, Texas,
Panama, and Peru. Their daily energy expenditure was
temperature-influenced (being higher at colder locations
and equivalent 1o 4.2 times the basal metabolism rate in
New Jersey, 2.8 in ‘lexas, 2.1 in Panama, and 2.7 in Peru).
In New Jersey, feeding occurred for 55% of the daylight
hours and roostng about 35%.

Castro, G., and |. I Myers. 1993, Shorebird predation on

eggs of horseshoe crabs during spring stopover on
Delaware Bay. Ank 110:927-930.

The energy requirements of six species of migratory
shorebirds, during their spring stopover at Delaware
Bay, werc calculated. The resultant high levels of energy



consumptlnn‘C]t::l.rly showed the importance of Delaware
Bay to ‘thc MIBAUNE shorebirds and implied that the
?hort:bll'd SPIING SLOPOVEr miglht be a cr{:lcial and very
important segment of the annyal eyele of the birds )

Castro, G, J. P. Myers, and A R. Dlace. 1989. Assimilation
;fﬁacr]:cy of s;ndcrlmgs (Calidyis glba) feeding on
P(I;;:;t. 25362‘:‘;%; i’ {;)zltf:m‘.us Dolyphemus) cggs.

Mct.abnhc ASSESSMENts were made on seven captive
sanderlings fed 2 horseshoe crab ¢ gg dict for three weeks
{each bird ingested an average of 30.9 g of eggs/day)
during which ume the birds only maintained body \;'cight
(51.3 £ 5.2 g). The average metabolic efficicncy was low
{38.6% = 1.0%), and 72% of the ingested Cggs were passed
?hruugh the digestive trace, unbroken, with a rapid gastro-
mtcstir}a] passage of 63 = 2.5 minutes). When placed on a
diet of mealworms (Tenebrio larvae) they rapidly gained
weight (1.8 £ 0.20 g #day).

Clark, K. E,, L. ]. Niles, and ]. Burger. 1993, Abundance
and distribution of migrant shorebirds in Delaware Bay.
Condor 95:694-705.

Delaware Bay is the most important stopover in the
eastern U.S. for the semipalmated sandpiper, ruddy turn-
stone, red knot, and sanderling. More than 216,000 of
these birds were counted during a single day peak in May
1992. The abundant food resource provided by horseshoe
crab eggs is one reason for this shorebird CONCCntration,

de Sylva, D. I, F. A. Kalber, Jr., and C. N. Shuster, Jr. 1962.
Fishes and ccological conditions in the shore zone of the
Delaware River Estuary, with notes oo other species col-
lected in deeper water. University of Delaware Marine
Laborataries, Information Serics, Publicaben No., 5.

Horseshoe crab cggs and larvae were found in the
stomach contents of several small fish species and the
juveniles of farge fish {several, when grown, are fished
recreationally and commercially): American eel, striped
killifish, white perch, striped bass, silver perch, weakftish,
northern kingfish, Atlantic silversides, summer flounder,
and winter flounder.

Kracuter, J. N., and 8. R. Fegley. 1994. Vertical disturbance of
sediments by horseshoe crabs, Limulus polyphemus, during,
their spawni‘ng season. Estuaries 17(1B):288-94.

Horseshoe crabs are be athic creatures that spend much
time in burrowing. This study examined the extent w
which the large population of horseshoe cr_abs on the Cape
May shore reworked the sediments of the intertidal flats,
e '“pltm-'cd them up-” Florscshoe crabs mixed the sedi-
ments up to a depth of 17.7 cm.
Shuster. €. N.. Jr. 1955. On morphomt:lrr'ic and serological

s ’ the Limulidac, with particular reference

to Lisnulus polyphem 5 (L) Ph'D‘. diss., New York Univ.

Lists the 11 specics of sho‘rcbl.l'ds that Capt. ‘Har'()ld
N. Gibbs (personal commumcannn) observed feeding

relationships within
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on the cggs of the h()l'\'%(i'sh(_}t' crab during May 1948 on
the Cape May shore of Delaware Bay: semipaimated
plover, black- bellied plover, knot, pectoral sandpiper, least
sandpiper, red back sandpiper, scrmipalmated sandpiper,
dowitcher, sanderling, turnstone, and laughing gull.

Survival and Adaptability, I ncluding

Habitat Considerations:

Botton, M. L., and R. E. Loveland. 1987, Orentation of the
horseshoe crab, Liselus pulyphemas, on a sandy beach.
Biol. Bull. 173:289-98.

Beach slope is more important than vision in deter-
mining onentation on beaches and returning to the
watcr. Both “blinded” (by opaque acthesive ducr tape)
and normal-sighted horseshoe crabs were released on
flar sandbars and “normal” sloped (6°) beaches.
Orientation was poor on a flat beach, although sighted
horseshoe crabs slightly out-performed “blinded”
ones. This correlated with the observation that large
aumbers of horseshoe crabs failed ro return to the
warer after spawning on sandbars or similar habitats
lacking a slope gradient.

Rotron, M. L., R, E. Loveland, and T. R. Tacobsen. 1988,
Beach erosion and geochemical factors: influence on
spawning success of horseshoe crabs Limulus polyphemus
in Delaware Bay. Mar Biol. 99:325-32.

Horseshoe crab spawning is not evenly spaced along
Delaware Bay shores. This study investigated the impor-
tance of geochemical and erosional factors to the sclec-
tion of breeding beaches by horseshoe crabs. Erosion,
exposing underlying peat, results in significantly fower
horseshoe crabs utilizing such a beach. The high levels
of hydrogen sulfide associated with the peat indicated
that the horseshoe crabs can detect the nature of the
sediments and avoid unsatisfactory areas. In addition to
the erosion of beaches, exposing vast strands of peat, the
use of bulkheading, including cinder blocks, etc., 10
deter beach erosion has also reduced the spawning area
available to horseshoe crabs.

Botton, M. L., and R. E. Loveland. 1989. Reproductive
risk: high mortality associated with spawning in hotse-
shoe crabs Limulus polyphemus in Delaware Bay, USA.
Mar. Biol 101:143-51.

Massive strandings of adult horseshoe crabs occur
after spawning on the shores of Delaware Bay; about
10% of the total spawning population dies from strand-
ings. A complex of factors, including abnormalities of
the telson (the “tail,” which a horseshoe crab uses 10
overturn itself when upside down), the size of the
spawning population, tidal and weather conditions,
and beach slope influence the number stranded during
the brecding season. The large loss of gravid females
may represent a major input of organic material to
intertidal regions in certain regions of the bay.



Brockmann, FL T 1990, Mating behavior of horseshoe
crabs, Lintndus polvphesns. Bebaviour | 14:206-20.
Nesting is synchronized to a few hours each day at the
time of the spring new- and full-moon high tides in
Fiorida waters. Unattached males cluster around the siest-
ing pair. Experimental manipulation demaonstrated that
sateflite males are capable of fertilizing the eggs, which

of the tags returned tor the two groups indicated that
bleeding, increased the mortality by 10% during the fiese
vear after bleeding. Bled crabs, recaptured four wecks
later, had regained their blood volume. Animals col-
lected owo vears after the ortginal bleeding experiment
showed a mortality of 11% ot the bled over the controls.

Life Cycle and Longevity:
Borron, M. 1., R, E. Loveland, and T, R, Jacobsen. 1992,
Overwintering by tolobite larvae of the horseshoe crab

suggested that “sperm competition™ is the primary expla-
nation for the presence of unattached males on the beach.,

Brockmann, H. J., T. Colson, and W. Potts. 1994, Sperm

competition in horseshoe crabs (Lisulus polvphemus),
Behay. Ecol. Sociobiol. 35:153-60.

A paternity analysis was conducted to determine the
proportion of eggs fertilized by attached and satcllite
males, Eggs were collected from nests on beaches made
by isolared pairs with one sarellite male, in Florida and
Delaware, The cggs then were reared to the late trilobite
or fiest instar stage. DNA was extracted from these off-
spring and from cach adult (female, attached male, and
satellite male) for use in the paternity analysis. Satellite
males fertilized 40% of the eggs on average, attached
males fertilized 51%, and 4% of the eggs that were laid
by the female were sired by neither the artached nor the
sarellite male {and 5% could not be determined unar-
biguously). The high variability of success by the satellite
males, ranging from 0 to 88%, was in part due 1o the
refative positions of the satellite and the attached male
to the incurrent water being pumped by the female.

Brockmann, H. ., and D). Penn. 1992, Male mating tactics

in the horseshoc crab, Limulus polyphemus. Anim. Behav.
44:653-65.

Males rerurn to the beach more frequently ehan
females (and most females arrive attached) resulting
in a strong bias in the sex ratio during one tide. Experi-
menrally, differences in attached and unattached maies
in mating tactics are condition-dependent.

Penn, D., and H. J. Brockmann. 1995, Age-biased strand-

ing and righting in male horseshoc crabs. Anim. Bebay.
49:1531-39.

Large numbers of horseshoe crabs may be stranded
on the shores of Delaware Bay. Stranding, for males, has
two interacting components: Mating tactic and righting
ability, First, unattached males were more likely to strand
than attached males. Second, unattached males were,
on average, older than attached males. Experiments
revealed that overturned older crabs were less likely
to right themselves than younger ones,

Limulus polvphemus on a sandy beach of Defaware Bay
{New Jersey, USA). Mar. Ecol. Pran, Ser 88:289-92,
Dreseribes the overwineering of horseshoe erab larvae
within the nests in beaches of Delaware Bay, These tar-
vac escape from the nests during the early spring, when
predation by birds is minimal. Overwineering also intro-
duces an carly start for individuals forming the vear-class
developing the year that they emerge from the nests,

Borton, M. L., and . W. Ropes. 1988, An indirect method

tor estimating longevity of the horseshoe craby Linsidus
pulyphemus based on epifaunal slipper shells (Crepidula
formicara). ] Shellfish Res, 7:407-12.

Horseshoe crabs have been called *watking museums™
due to the several species of organisms that encrust their
shells. One of these attached species, the slipper shell
snail {Crepidula fornicata), was aged by shell length/
shell weight analyses; some were estimated to be 8 years
old. The data suggested that a maximum age ot at least
17 to 19 years is attainable by horseshoe crabs of both
sexes: 10 years to mature and 7 to 9 as adults.

Eldredge, N. 1991. Fossifs: The evolution and extinction of

species, 100 -111. New York: Harry N. Abrams, Inc.

Page 105: “Horscshoc crabs are ccological generalists.™
In discussing the broad ccological regimes in which
maodern horseshoe crabs live, the author states (p. 108)
“the more flexible a species is ecologically, the greater
the chances that it will be able to find suitable habirats as
the environment changes through time.”

Ropes, ]. W. 1961. Longevity of the horseshoe crab, Lintiedus

polyphemus (L.). Trans. Amer. Fish. Soc. 90:79-80.

Reported recovery of live horseshoe crabs five yuars
afeer their tagging and release in Plum Tsland Sound,
Massachuserts,

Loveland, R. E., and M. L. Botton. 1992, Size dimorphisin

and the mating system in horseshoe crabs, Limulus
polyphemus (1.}, Anim. Behar. 44:907-16.

Reported up to 15 malcs in a spawning group with
I female.

Impact of Bleeding Hovseshoe Crabs:

Rudloe, A, 1983. The effect of heavy bleeding on mortality
of the horseshoe crab, Lisnsulus polyphbeimus, in the natural
environment. J. Invert. Pathol. 42: 167-76.

Approximately 10,000 horseshoe crabs were collecred
and tagged in St. Joe Bay, Florida. Half were bled and
half were handled as controls; all were released. Analysis

Shuster, C. N, Ir. 1950. Observations on the natural history
of the American horseshoe crab, Limulus polyphemuns.
Contribution No. 564:18-23. Woods Hole, MA:
Woods Hole Oceanographic Instirution.

On the basis of observations during the summers af
1949 and 1950, in the Barnstable Harbor arca of Cape
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Cod, the following aspects of
rchoe crahs w >t the I history of
growth and growth stages brccdjng habits, migratory

habits, and an estimate of e
Cod Bay population., < Barnstable Harbor/Cape

huster, C. N., Jr. 1.953. OdYSscy of the horseshoe crab.
Audubon Magazine 55(4):162_63 167

Page 167: By the early 19505, horseshoe crabs were
being taken for cel bait, but the larger numbers were

still being }}ar\fcsn:d for fertilizer, “However, the great-
est loss of life is :at the bt‘ginning‘ when salt-water fishes,
eels, and shorebirds follow along after the mating pairs

or dig in the sand to feed upon the newly-laid eggs or
larvae™ of the horseshoe craly.

;hUStCl'., C. N.., ]r. 1955. On morph()mttric and s,cr()l()gi-
cal relationships withtn the Limulidae, with particular
reference to Limulus palyphresars. Ph.D. diss., New
York University.

Established on the basis of adult horseshoe crab mor-
phometry that the major populations of horseshos crabs
were relatively discrete. Gave life cyele data: 18 growth
stages, differental increments of growth in juvenile
males and females, and 9@ to 10 years to reach matunty.

Shuster, C. N., Jr. 1979. Distribution of the American
horseshoe crab, Limeulsus polyphemus (L), In Biologgical
applications of the horseshoe crab (Limulidac), cds.

E. Cohen ct al., 3-26. New York: Alan R. Liss, Inc.

Page 17: On 24 July 1951, nearly 2,000 juvenile horse-
shoe crabs were collected on 16 square ft. of an intertidal
flat in front of the New Jersey Oyster Research Lab on
Cape Bay: 9 larvae, 336 “first-tailed,” 950 Stage I11, and
678 Stage TV, By 11 Scptember, large numbers of juvenile
harseshoe crabs were spread out, bayward, over five inter-
tidal bars (2 distance of over 140 m). Also desenbed distni-
bution of adult horseshoc crabs (pp. 19-21).

Shuster, C. N, Jr. 1982. A pictorial review of the natural
history and ecology of the harsceshoe crab Limulus
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polyphemss, with reference to other Limulidae. In
Ph‘;u' olagy and bivlogy of borseshoc crabs, cds. T, Bona-
chum"c_ gonaventura, and 8. Tesh, 1-52. New York:

Alan R, Liss, Inc.

A synthesis of previous major studies and those of the
authoi‘; the first comprehensive account of the natural
history of horseshoe crabs in the ewenticth century.
Included much of the author’s unpublished observations
and dara. Life cycle, including growth stages, breeding,
and migrations (pp- 22—31); behavior and orientation,
including locomotor activities and tolerance of waters
of different salinitics (pp. 32-34); tood and feeding
{pp. 34-35); symbioric and uther relationships

(pp. 35-45).

Shuster, C. N., Jr., and M. L. Botton. 1985. A coatribution

to the population biology of horseshoe crabs, Limulus
polyphemus (L.), 1 Delaware Bay. Estuaries 8:363-72,

Inn 1977, there was an average of 24 nests per square
meter within a 6-m band, based on a series of beach tran-
sects (from the low-water to the high-water level). This
computed to 288,000 nests in the 2-km strand just
south of the New Jersey Oyster Research Lab on Cape
May (24 x 6 m x 2,000 m). There was an average of
3,650 + 232.5 eggs in cach nest. On average, large-sized
fernales had 88,000 mature eggs, although this number
varied greatly, probably depending upon the age and size
of the individuals and on the cxtent to which each female
had or had not spawned prior to the examination.

Wigley, R. L., and R. B. Theroux. 1981, Adantic continen-

tal shelf and slope of the United States — macrobenthic
invertebrate fauna of the Middle Atlantic Bight region—
faunal composition and quantitative distribution. Geo-
logical Survey Professional Paper 529 —N.

This survey was conducted in the carly 1960s. In
terms of biomass, bivalve mollusks and annelids were
dominant groups of the macrobenthic organisms.
Organisms from both groups are major items in the
diet of horseshoe crabs.



APPENDIX B

Horseshoe Crab Regulations
for the Mid-Atlantic States

R A —
"New Jersey adopted new regulations, effective 9/25/97, which climinate the trawl fishery and dredge by-catch, establish eligibility
criteria, and modify the seaso.

*In Delaware, the .
establish c]ig;ibi_]iry criteria, coOnro

cp

—_—
NJ' DE'’ MD' VA sC
Gear Type Allowed — State Waters
Hand Yes Yes Yes Yeu Yes
Trawl Ne No You, cutstde 1 mile No Yes
ot Atlantic coast !
Dredge Ne You Yes Yes, crab dredge by- Yes
catch in some areas only
Other Yoy No Yes Yes Yes
(gill ne, fvke)
Reporting Yus Yes Yes Yes Yes !
Bequirements
Season Yes Yes Yes Yes Yes
Restrictions /Area
Closure
Number Permit Approximately 300 5 dredge 17 Approximartely 24 hand —
Holders FOTUTU—— e aarremrr et e e et e s et craeerrrnnnteb e s e s e et s sonm e mm eeesemnees ers amamfomnmnne st s s naann seseees eerd
{1997 season) 122 hand crab dredgpe
by-carch
Personat Use — * hand-pick (6 /day) 5 per day
Exemption from — * commercial eelers — —
Licensing tor personal use for
bait in Delaware
Returncd to Water No No No Ne Yes
Unharmed
Reference NJAC 7.25-18.16 7 Del. Code, Sec. 2701, | 23:2 MDR 08.02.10.01 VMRC Reg. 4 VAC Coude af Laws of SC
1902 8 Sheiifish Regs. 20-900-10 ET. SEQ Sec. 50-17- 165
$51-54
— —— R PPPPPRAPPEETRY e . kit EEAR (b ---- metmamsmssssmsabierasseciesssar st asssnaries rurd
Contact Peter Himchak Charlie Lesser Tom O’Caonnell Lewis Gillingham Marine Resource
Drivision
"'"'_‘—-_—--——_____'________'_ - Asmananmnar ApSSmssssssssssd--saREREERad-- - L
Telephone (609) 748-2020 (302) 739-3441 {410) 260-8271 {804) 2472243 (8031 795-6350

artment of Natural Resources and Environmental Control has proposed regrulations for the 1998 season that
| time of harvest, establish daily Jimis for the dredge fishery, and require monthiy reports on harvest,

As this TEPOrt paey to press, Maryland is considering an emergency order for the 1998 season that would establish 2 permit system

and reduce carch by 50% through quotas,

season, area, and daily limits,
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APPENDIX C

Horseshoe Crab Commercial Landings
by State and Water Area, Maine to Virginia, All Gears

1989
State < 3mi EEZ > 3mi Total
- - f - *
STATE Lbs % of Tot Lbs % of Tot Lbs Percent
MA - - - - - -
RI 282 889 100.0% — — 282,889 26.5%
CT — - - - - -
NY — - — — - —
NJ 10,059 27.9% 26,030 72.1% 36,089 3.4%
DE — - - - - —
MD 553,620 47.2% 192 500 25.8% 746,220 70.0%
VA 117 28.1% 300 71.9% 417 0.0%
846,685 79.5% 218,930 20.5% 1,065,615  100.0%
*This excludes 22,297 lbs. for which the aren of landings is unknown,
1990
State < 3mi EEZ > 3mt Total
STATE Lbs % of Tot. Lbs % of Tot. Lbs*  Percent
MA _ _ . o - -
RI 170,150 — — — 170,150 19.9%
Cr — —_— —_— —_ — R
NY _ _ _ B _ _
Nj 146,794 50.4% 142,374 19.2% 289,168 33.8%
;:f) 168,800 _ — — 168,800 19.7%
144,640 63.5% 83,040 36.5% 227,680 26.6%
VA = = N
630,384 73.7% 225,414 26.3% 855,798  100.0%
*This excludes 52,332 lbs. for which the area of landings is unknown.
1991
State < 3mi EEZ > 3mi Total
STATE Lbs % of Tot. Lbs % of Tot. Lbs*  Percent
Ma 1.860 91.2% 180 8.8% 2,040 0.2%
RI 350,000 100.0% — — 350,000 32.8%
Ccr _ _ _ _ . B
NY _ . - . . -
NJ — — 350855 100.0% 350,855 32.9%
DE — _ _ - _ _
MD 184,860 51.2% 176,120 48 8% 360,980 33.9%
va 1778 100.0% — - 1,778 0.2%
538,493 50.5% 527,155 49.5% 1,065,653  100.0%

*This excludes 23,392 lhs. for which the area of landings is unknown.
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Horseshoe Crab Commercial Landings
by State and Water Area, Maine to Virginia, All Gears (conzinued)

1992
State < 3mi EEZ > 3mi Total
STATE Lbs % of Tot. Lbs % of Tot. Lbs* Percent
Ma — - — - —
RI 15,000 100.0% — — 15,000 1.5%
CT 10,000 100.0% — — 10,000 1.0%
NY 500 100.0% 500 0.1%
NJ 169,662 55.6% 135,360 44.4% 305,022 30.7%
DE — — — — — —
MD 371,304 560 292260  44.0% 663,624  66.8%
VA _ — _ J— —_ —
566,526 57.0% 427,620 43.0% 994,146 100.0%
*"This excludes 6,473 s, for which the area of landings is unkriown,
1993
State < 3mi EEZ > 3mi Total
STATE Lbs % of Tot. Lbs % of Tot. Lbs Percent
MA — — - - — -
RI 1,062 100.0% — — 1,062 0.1%
CT — — — — — _
NY — — — — - —
NJ 371,754 33.2% 327 019 46.8% 698 773 36.7%
DE 118,300 100.0% —_ — 118,300 6.2%
MD 869,492 80.2% 214,300 19.8% 1,083,792 56.9%
VA — — 2,768 100.0% 2.768 0.1%
1,360,608 71.4% 544,087 28.6% 1,904,695 100.0%
1989-1993
State < 3mi EEZ > 3mi Total
STATE Lbs % of Tot. Lbs % of Tot. Lbs* Percent
MA 1.860 91.2% 180 B.8% 2040 0.0%
RI 814,101 100.0% — — g1e.101 139%
CT 10,000 100.0% — e 10,000 2%
NY SO0 100.0% — — 300 0.0%
NJ 698,269 41.6% 981,638 58 4% 1,679.907 18.5%
DE 2R7.100 100.0% — — 287,100 1.9
MD 2,123976 a8.9% 958,320 3L.1% 3,082,296 52.4%
VA 1,895 38.2% 3,068 61.8 4 463 0.1%
3,942,701 67.0% 1,943,206 33.0% 5,885,907 100.0%

I his excludes 104,494 lhs. for which the area of landings is unknown.

Seurce: NMFS Unpublished Weighout Data.

55



APPENDIX D:
HorsesHOE CRAB FORUM REGISTRANTS

* Forum Speakey/Organszer

Judy Adams

Delaware Waterman’'s Association
Rze. 36, Slaughter Beach
Milford, DE 19963

Tim Aepel

Wall Street Journal

1155 Avenue of the Americas
New York, NY 10036

Steve Allen

U.S. Army Corps of Engincers, Philadelphia Dist.
Philadelphia District Wanamaker Building

100 Penn Square East

Philadelphia, PA 19107-3390

‘Tina Bernat, Nature Center Manager
National Estuarine Research Reserve Program
Delaware Dept. of Natural Resources

and Environmental Control
89 Kings Highway
P.0. Box 1401
Dover, DE 19903

Ron Berzofiky

RioWhittaker Tne.

KR30 Biggs Ford Road
Walkersville, MD> 21793-0127

Roberr Blumenthal, Marketing Manager
LAl BioWhittaker, Inc.

8830 Biggs Ford Road

Walkersville, MT» 21755

Eleanor Bochenek, Marine Extension Agent
New Jersey Sca Grant College Program
Marine Advisory Service

1623 Whitesville Road

Toms River, NJ 08755

Mark L. Borton*

Fordham University

Division of Science & Mathematics
Lincoln Center Campus

New York, NY 10023

b6

John Brady

U.S. Army Corps of Engineers, Philadelphia Dist.
Philadeiphia District Wanamaker Building

100 Penn Square East

Philadelphia, PA 19107-3390

Tracey Bryant, Marine Outreach Coordinator
University of Delaware
Sea Grant College Program and

Graduare College of Marine Studies
Marine Communications Office
Newark, DE 19716-3530

Joanne Burns
P.O. Box 321
South Orleans, MA 02662

Nancy Butowsks, Fisheries Biologist
Maryland Dept. of Natural Resources
Fisheries Service

Tawes Office Building, C-2
Annapolis, MD 21401

Dave Carter, Program Manager

Delaware Coastal Management Program

Delaware Dept. of Natural Resources
and Environmental Control

89 Kings Highway

P.O. Box 1401

Dover, DE 19903

Elizabeth Chajes, Marine Outreach Specialist
University of Delaware
Sea Grant College Program and

Graduate College of Marine Studies
Marine Communications Office
Newark, DE 19716-3530

Kathieen Clark®

New Jersey Division of Fish, Game & Wildlife
Endangered & Non-Game Species Program
Tuckahoe WMA

2201 County Rre. 631

Woodbine, NJ 08270



Richard Cole, Fisherics Biologist

Drelaware Dept. of Natural Resources
and Environmental Centrol

89 Kings Highway

P.O. Box 1401

Dover, DE 19901

James Cooper, President
EndoSafe, Inc.

1023 Wappoo Road, Suite 43
Charleston, SC 29407

Rachelle Daignanit, Environmental Ed. Specialist
Assateague Island National Seashore

7206 National Seashore Lane

Berlin, MD 21811

George Dawson

Dawson Communications
12 Llewellyn Place

New Brunswick, NJ 08901

Michael Dawson
Associates of Cape Cod
704 Main Strect
Falmouth, MA 02540

Karen Day

U.S. Fish & Wildlife Service

4401 N. Fairfax Drive, Room 452
Arlingron, VA 22203

John Ewart, Aquaculture Specialist
University of Delaware

Sea Grant College Program
Marine Advisory Service

700 Pilottown Road

Lewes, DE 19958-1298

Joseph G. Farvrell, Marine Resource Mgmt. Specialist*

University of Delaware

Sea Grant College Program
Marine Advisory Service
700 Pilottown Road
Lewes, DE 19958-1298

Johm Field, Anadromous Species Coordinator
Atlantic States Marine Fisheries Commission
1444 Eye Street, NW, 6th Floor
Washington, DC 20005
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Patrick Gaffney, Associate Professor
University of Delaware

Graduate College of Marine Studics
700 Pilottown Road

Lewes, DE 19958-1298

Lewis Gillingham

Virginia Marine Resources Commissien
P.O. Box 756

2600 Washington Avenue

Newport News, VA 23607

Nancy Gaggin, Program Manager

Non-Point Source Pollution Program

DPelaware Dept. of Narural Resources
and Environmental Control

89 Kings Highway

P.O. Box 1401

Dover, DE 19903

James Gowdy, Vice-President
Maurice River Historical Society
P.O. Box 175

Mizpah, N} 08342

William R. Hall, Jr., Marine Education Specialist*
University of Delaware

Sea Grant College Program

Marine Advisory Service

700 Pilottown Road

Lewes, DE 19958-1298

Jim Hall, Program Development Coordinator
National Estuarine Research Reserve Program
Delaware Dept. of Nawiral Resources

and Environmental Control
89 Kings Highway
P.O. Box 1401
Dover, DE 19903

Jay Harrington
PO, Rox 321
South Orleans, MA 02662

Doris Hicks, Seafood Technology Specialist
University of Delaware

Sea Grant Marine Advisory Service

700 Pilottown Road

Lewes, DE 19958-1298



Perer | Himchak®

New Jersey Division of Fish, Game and Wildlife
Nacote Creek Research Station

PO, Box 418

Port Republic, NJ 08241

H. Donald Hechstein, Deputy Director
Product Quality Control, FDA

Center for Biologics Evaluation & Rescarch
140t Raockville Pike

Ruckville, M1> 20852. 1448

Charles Hocnit

University of Maryland, Eastern Shore
Trigg Hali, Room 1120

Princess Anne, MD 21853

Gretchen Knapp, Park Ranger
Assateaguc Island National Seashore
7206 National Seashore Lane
Beriin, MDD 21811

Jobm Kracuter, Associate Director

Haskin Shellfish Research Lab, Rutgers University
RID 1, Box B-8

Trort Norris, NJ 08349

Creorge LaPointe, Dircctor

Interstare Fisheries Management Program
Atlantic States Marine Fisheries Commission
1444 Eyc Street, NW, 6th Floor
Washington, DC 20005

Janer Larson, Resource Management Program Associate

Rutgers Cooperative Extension of Ocean County
1623 Whitesville Road
Toms River, NJ 08755

Jav Laubengeyer, Dircctor
Delaware Bayshore Office
The Nature Gonservancy
PO, Box 672

fror1 Norris, NJ 08349

Charles Lesser, Administrator

Fisheries Section

Delaware Dept. of Narural Resources
and Enviconmental Control

PO. Box 1401

89 Kings Highway

Daover, DE 19901
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Cecelia Linder

University of Delaware

Graduate College of Marine Studies
700 Pilottown Road

Lewes, DE 19958-1298

Robert E. Loveland®

Rutgers University

Nelson Biological Laboratory
Department of Biology

P.Q. Box 1059

Piscataway, NJ 08855

Jennifer Lukens, Environmental Scicntist 11
Delaware Coastal Management Program
Division of Soil & Water
Delaware Dept. of Natural Resources
and Environmental Control
89 Kings Highway
P.O. Box 1401
Daver, DE 19903

Andrew Manus, Director

Division of Fish & Wildlife

Delaware Dept. of Natural Resources
and Environmental Control

89 Kings Highway

P.O. Box 1401

Dover, DE 19901

Kathy Jo Maio, Graduate Student
University of Maryland, Eastern Shore
Trigg Hall, Room 1120

Princess Anne, MD 21853

Colleen Martin, Consultant
University of Delaware

Marine Comemunications Office
Newark, DE 19716-3530

Don Meritt

University of Maryland

Horn Point Environmental Labs
PO, Box 775

Cambridge, MD 21613

Stewarr F. Michels, Biologist*

Division of Fish and Wildlife

Drelaware Dept. of Natural Resources
and Environmental Control

89 Kings Highway

P.O. Box 1401

Dover, DE 19901



Frederick Mick

stockton College

2281 Winslow Road
Williantstown, NJ 08094

Rav Miller

Division of Fish & Wildlite

Delaware Pept. of Natural Resources
and Environmental Control

89 Kings Highway

PO, Box 1401

Dover, DE 19903

Robert Munson

0. Box 358
Newport-Millville Road
Newport, NJ 08345

Molly Murray

News Journal

114 E. Marker Street
Georgerown, DE 19947

Jan Nichols, Operations Manager
BioWhittaker, Inc.

P.O. Box 521

Chincoteague, VA 23336

Thamas J. O’Connell*

Maryland Dept. of Natural Resources
Tidal Fisheries Division

580 Taylor Avenue

Annapolis, MI> 21401

Tim (YConnor

Sierra Club

203 N. Layton Avenue
Wyoming, DE 19934

Al Ogden

Delaware Bay Waterman’s Association
28 5. Market Street

Part Narris, NJ 08349

Gary Pagrerson, Executive Director
Dctaware Petroleum Council

P.(Y. Box 1429

Dover, DE 19903-1429

Pawul Perra, Fisherics Biologist
National Marine Fisheries Service
1315 East West Highway

Silver Spring, MD) 20910
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James Pierce, Asst. Protessor of Genetics
Philadelphia College ot Pharmacy & Science
Department of Biological Science

600 5. 43rd Street

Philadelphia, PA 19104 -4495

Crace Pierce-Brek, Conservation Director
Delaware Audubon Soviety

20 Muirticld Court

Dover, DE 19904

Kent Price, Thrector
Marine Advisory Service
University of Delaware

Sca Grant College Program
700 Piottown Road
[ewes, DE i9958-1298

Til Parnell

Save Our Wetlands and Bays
RD 6, Box i

Millsboro, DE 19966

Bruce Richards, Executive Director
Center for the Inland Bays

1O, Box 297

Nassau, DE 19969

Chris Seymour, Interpretive Specialist
Assatcague Island National Seashore
7206 National Scashore Lane
Berlin, MDD 21811

Benjamin Sherman, Media Relations Coordinator
National Sea Grant College Program

841 National Press Building

529 14th 5t., NW

Washington, DC 20045-2277

Michael Short

Cape Gazetee

Shoppes of Camelot
Rehoboth Reach, DE 19971

Carl N. Shuster, Jr, Adjunct Professor®
Virginia Institute of Marine Science
Mailing Address (home):
3733 N. 25th Street
Arlington, VA 22207-5011

Carl Solberg

Sicrra Club, Delaware Chapter
PO, Box 1908

Dover, DE 19903-1908



Harley Speiv, Program Leader
Marvland Department of Narural
Resources, Fisheries Service
Tawes State Office Building, C-2

Annapolis, MD 21401

Clay Sutton, [r.

Cape May Bird Obscrvatory
1018 Berkely Avenue
Beachwood, NJ 08722

Bengie Lynn Swan, President”
Limuli Laboratorics

7 Bay Avenue, Dias Creek

Cape May Court House, NJ 08210

Nancy Targett, Professor

University of Delaware

Graduare College of Marine Studies
700 Pilottown Road

Lewes, DE 19958-1298

Tim Targetr, Associare Professor
University of Delaware

Graduate College of Marine Studies
700 Pilottown Road

Lewes, DE 19958-1298

Richard Tarpley, Exccutive Director

University of Delaware

Sea Grant College Program and
Graduate College of Marine Studies

Robinson Hall

Newark, DE 19716

Mark Thompson, Rescarch Assistant

South Carolina Marine Resources Research Institate
P.O. Box 12559

217 Fort Johnson Road

Charleston, SC 29422-2559
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Nellie Tsipoura
Rutgers University
1782 W. Fourth Street
Dunelien, NJ 08812

Stewarr Tweed, Arca Extension Agent
New Jersey Sea Grant Extension Service
Dennisville Road, Rte. 657

Cape May Courthouse, NJ 08210

Joan Walsh, Rescarch Coordinator
New Jersey Audubon Society
Cape May Bird Obscrvatory

P.O. Box 3

Cape May Point, NJ 08212

Don Webster, Marine Extension Agent
University of Maryland Sca Grant Extension
Wye Research & Education Center

Cheston Lane

P.O. Box 169

Queenstown, MID 21658

Wayne Wescott, Arca Marine Specialist
North Carolina Sea Grant College Program
P.O. Box 699

Manteo, NC 27954

Tim Wheeler

The Evening Sun

P.O. Box 377
Baltimore, MID 21278

Rager Wood, Dircctor of Research
The Wetlands Institute

1075 Stone Harbor Blvd.

Stone Harbor, NJ 08247

David Yadon, Production Manager
Charles River EndoSafe

1023 Wappoo Road, Suite 43-B
Charleston, §C 29407



