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PRKFACR

hc horsesh<!c crab, l i >><<<i><s p<>lvphe>>>><s, is <!fee<>n<>mic, scientific, and ccologi-
cal imp<>rtancc. Its bio<>d has in!p<>rtant biomedical applications, and it is used
as bait in several fIsheries in the Mid-Atlantic region. H<>rseshoe crab eggs are

a primary too J s<u>rce for migratory sh<!rchir Js along thc eastern tIyway.
Census at! J tra<v 1 survevs suggest that the 13clawarc Bay population has declined

in rec<.'nt yeats. l'hc decline n!ay be relateJ to f!shing pressure, but the population
Jynamics arc n<>t w<elt understood. Currently, there is no coordinated effort to con-
duct stock assessmc»t, and inaction may lead to further stock reductions.

 !» I'cbruary 23, 19<!r>, 'I l!e Hors<'rhne  .rab Forum � Status nf rbr Reroarcc was
held at rhe Virden Center ol the University of Delaware's Hugh R. Sharp Catnpus
in b:vvcs. Organiac J bv the University of Delaware Sea Grant College Program, thc
t<>rum's goals vvere to develop a consensus on the status of thc h<>rseshoe crab and to
identity sh<>rt-term research priorities.

The f<!rum v, as unique because it brought rogethcr t'or the hrst time all of the
groups who have an interest in horseshoe crabs � state and regional f>sh and vrild-
life managers, scientists, and rcprcscntatives of kcy stakeholder groups, including
thc pharmaceutical industry, hshing industry, and environmental groups, Fighty-one
invited participants attended.

The <!bjectivcs <>I thc forum were to  I! develop consensus on thc status of the
horseshoe crab in the Mid-Atlantic region, �! determine intorrnati<>n needs to hetter
n!a»age the resource, �! identify research priorities for the University ot Delaware Sea
Grant College Pr<>g<atn, and �! build partnerships among resource agencies, research
institutions, indusrry, and cnvironn>ental groups.

F<>rum prescntati<>ns f<>cused <>n thc life history, population dynamic~, and distribu-
tion of Li»>r<l«s; shorebird predation on horseshoe crab eggs; an overview and trends
of horseshoe crabs in the Mid-Atlantic f!shery; phar>»acology opportunitics; and st<>ck
assessments for Delaware, Yew Jeney, and Maryland. Work groups met separately to
address forum objectives. Their reports, which are inclu Jcd in this volu<ne, draw con-
clusions on thc status of the resource, outline what we sti I need to know, and identify
thc neat steps that need to be taken.

The luncheon speaker, Dr. James F. Cooper, President of I:ndosafe, Inc., Chariest<>n,
South Carolina, prosdded a brief overview of the Ii»»<l«s Amoebocytc I.ysate  I%I.!
industry and related the imp<>rtance of the li»>Nl«s hase assay to the biomedical
mdustry. I',ndosafe, Associates of Cape Cod, an J RioWhittakcr, the three major
manuf'acturers ot LAL in the United States  each company was represented at the
forum! harvest horseshoe crabs fr<>m three major areas along the Atlantic coast�
Cape Cod, the Virginia coast from Chincoteague to Wachapreague, an J fr<>n>
Charleston to Beaufort, South Carolina. J.i»!r<l«s Antoehocytc l.ysate is obtained
from the blood cells of the horseshoe crab. 'l'he animals arc bled  approximately 20'A
of blood volume! and rcturnc J unharmed to the ocean, as prescribed hy F<>t>J and
Drug Administrati<! n regulati<>ns.



Growth of the LAL industry is about 5'yt> per year, but improved eIciency of test-
ing methods has kept harvest levels at less than 200,000 animals annually. The LAL
i¹ vitro test, which provides great simplicity, sensitivity, and specif>city, replaced a diffi-
cult animal assay, The test is used to detect endotoxins associated with gram-negative
bacteria and is accepted worldwide as one of the key methods to test acceptability
of a drug product for injection drug therapy.

1 am grateful 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 nn horsesh<x crabs, having observed,
pursued, counted, and studied Li¹s¹lus polpphe>¹¹s since he was first introduced
t<> them in 1949. On behalf of all forum participants, l would like to thank Carl,
not only f<>r his considerable contribution to this volume, but for his willingncss
t<> share, with all who inquire, the invaluable data on horsesh<>e crabs that he has
compiled sn rneticul<>usly f<>r s<> many years, H<s w<>rk has aided us alt in our under-
standing <>l  i >¹¹l¹s polyPhe>¹¹s.

1 he active participation and valuable input of our audience added immeasurably t<>
the success of this forum.

J<>!epb C>. Farrell
Marine l4.s<>urer Man.>yement Specialist

l.'nivcrsny <>t Del.>v arc Sca G<rai>t Mari>c Advis<>ry!>ervice





the Delaware Bay horseshoe «rab population. Just when
horseshoe crabs werc first used in the eel fishery is not
clear, but it has been known, at least from Warwell �897!,
that eds feed upon Li¹<¹l¹s eggs even as they are being laid;
rhjs was probably already known to watermen. This writer
learned firsthand in the 1950s of the use of horseshoe crabs
to catch eels in the Navesink River  Raritan Bay!, New
Jersey; the Miles River  Chesapeake Bay!, Maryland; and
the Barrington River  Narragansett Bay'1, Rhode Island,

Abundance Records �850s -1960s!
By the middle of thc tuneteenth century, at least 4 mil-

lion horseshoe crabs were being harvested annually during
their spawning season on thc Delaware Bay shoreline. At
first, harvesting occurred directly from beaches; pound nets
were introduced in New Jersey in 1870. The crabs then
werc fcd to livestock or stored in pens  Figure I! or stacked
like cordw<i<xl until utilized for fertilizer  Figure 2'!. The
lack <if extensive intertidal tIats in Dclawarc prohibited thc
use ot p >und nets; all harvests there were by hand-collecting,
which may explain, at least partly, the lesser numbers of
horseshoe crabs captured hy Delawarcans  Table 1!,

Thc use <if dried, ground I.irrt¹l¹s poiyIshe¹t¹s for fertilizer
was reported by C:<x>k �857!. His observations on harvest-
ing are the oldest kn<iv n rec<irds ot'ihe abundance <if adult
h<>rscshoe crabs in l!clawarc Bay  repeated liy Rathbun
1887; Fowler 1908!: "The Bay-sh<>re <if this c<iunty I :apc
May] is rcniarkable fiir the immense nuinhers of this animal
�'rriyphe>¹t<s oeci ski<tait't, <>r ! i mr< lsrs polyI>heirtt<s <it' the natu-
ralists! which fre<ltient it. At the season t'<ir dcp >siting their
eggs, i liich is in the 1;ittcr part <il' PJlay aild in Junc, they
C >inc  in sll >re In alnl >St Inc edible ntiinherS. flic « li<ile
a<t an<1 t !r Illaiiy }1lilcs <s C  >ve 'cd 1'I'Iih thcni � solnet�11cs
t<«i <ir thrcc deep. Mr. 'l'h<>s. llitghcs,  >t' '1'»Lvn Bank, says
lhat  >11 his 'ih !re  >1  'ine hit ndrcd r<ids [ 503 nl ! hc c >u!d
get 100,000 In a LVeeki 7.>0,t�0 'L'L' .'rC 1'tken  'itl ab<>itt .1 llalf

mile [0 8 km] of the strand a vear since �855! and this vcar
�856! 1,200,000 were taken on about a mile [1.6 kmj."

Within 30 years, however, Richard Rathbun �884! wr<ite
that the horseshoe crabs in Delaware Bay were "very <mich
less abundant now than formerly, on account of so many
having been caught from year to 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 thereafter, Smith �891! speculated that it
seems probable that before long the decimation will
become so pronounced that thc profitable prosecution
of the fisher will be impossible; then it is hoped that the
employment of the destructive forms of apparatus will
bc discontinued and the crabs given an opportunity to
multiply unrestrictedly for a few years at least. " He also
obscrvcd that the diminution in the abundance <it thc
crabs was duc chiefly to thc capture <it the crabs during the
spawning season, usually licf<ire they reached the beaches to
spawn. Thc "apparatus ot'destruction" ivas the pound net.
According t<i Earll �887!, thc p<iund nct Lvas introduced
in ah<iut 1870, and hy 1880, nine <>f them werc in opcra-
ti<ni in Ncw Jersey. By 1890, there werc 108 pound nets
and weirs  Stnith 1891!. A survey of the coastline ot Cape
Parlay  ;<>unty in thc 1930s recorded 19 p<iund nets  W<>rks
Pr<>gress Administration, 1935-36!. Only a few pound
nets were still c<>nstructcd in the 1960s  Shuster MS!,
Alth<nigh p<>uiid <Lets liad t<i be built annuallv, mainly due
t<> reili<>v,il hy ice tl ics, their utility <>ver hand-collecting lay
iii ihc 1<»>ger peri<xi <if time they caught h<>rseshoe crabs
and, illeil, c'<!Lllcl he tendecl during daytime kiw tides.

Smith �891! id<nltificd the hshing centers <if the Dela-
Lvate B,iy h«rscsh >c crib Fist>cry tace I'igure 3!. His list of'

F!err«  l. Vici i of a larac hrddina pcii liir hrnieshoe crabs rin rhc
l clat< are Bay slsore of X  a jcrsc   t'I or>i Foivlcr l  r<lh',!, 27ns pcn,
cssi>natcd as possibly l.tt rn lngh bv 3 sn aide by 0 ni lung, could
»old over ill,est! ad <it hor cshoc crcilrs. Ha> ve!red hrir eshoc crabs
 vere store i i!s marty such pens, ol' all si- 's, uricil ready fiir priiccssi rig
into terriliwr.

Frrttrre 2. Horscsho  crabs harvest  d frorri Boioers Beach, Dclatoare,
aicrc !racked on a iriarsh barik irntt'I taki'n ro a ferrilr"cr factor y,
pr>ssibly itr Barker' l.andi>tet. 7 he n rirtbcr of horseshoe eral>s cart
alai r r be cori>>ted. 1 iris seine >nay ha»e been on the .'it Io»cs lti>icr.
> either rhc actual site nor the nrerr bete ' beni id  rrtified. l'lsotuctraph
COI<rtcsy r>f 1!clatvare Bfatc cl iclitiicc, J me! fag,



Delaware

AR Aogtsstine Reach
WR - Woodland Reach
KT - Kern Island
Kl - Ksllr island
M I 1 Mahon River
I'M Port Mahnn
LR. Littl» R<vcr
I'K - P<ckenng Bca h
KH Kilts Ho <n�m<�>ck
SI St, loncs River
RR Rosser Beach
MK - Morderkill River
RP = Rennetts Pier
BS Rtg Stone Res< h
MR - M<sp<II<on Reach
SB � Slaughter Reach
F ! - Fosvlers Brach
PR - Primchook Reach
BK Rroadktll Reach
BR = Broadkill River
RI Roosevelr Inlet
I.R - le<ver Beach
 ,H =   apc Hcnlopen

New Jersey

Arnt<c<al Island
Col<an scy Rt< er
Sea Brccce
Uandys Reach
F<>rtesc<re Reach
Ravhins Reach
Dividinp Creek
Ma<tncc Ris cr
He<slervtllc
Th<>rnpsons R<.ash
Moores Reach
West Crcck
East  '.reek
Dennis Creek
D<. nnts» lie
 .ioshen
Reeds Reach
Cooks Reach
I!tas  .rc< k
I<arses I o<nt Beach
H<ghs Reach
Rutgers Un<ver <tv
Shelltish Lah
Green   rc c k
Fishing Creek
hlorhor<s Landkng
Vtlias
I hghland Reach
Tov n Rank
 :apc Mav Canal
Cape is as I'oirtt

AI
CR-
SZ =
CIB
FO
RB
DC-
MA=
HV-
TP
MO=
WC-
F : =
DN
I'>V =
 iH
Rn=
CB-
Lxi =
PB =
HI-
RI. =

GC-
FC. =
Is'L-
vS =
HL=
TB
CC =
CP =

About seven-eilrrtths of thc entire catch svas taken hctsveen
L'Ienniss&e and Fishing Creek, inclusive. ln 1890, about
three-fourths of the yield was taken in the vicinity ol
Goshen, Dias Creek, and Green Creek. � 335,000;
410,000; and 411,000 crabs, respectively. The catch ar the
extremities, Heislerville and Town Ba�., were m tch smaller,
varpng from 10,000 to 30,000. Horseshoe crabs tvere grath
ered by hand at Botvers Beach and ricinity in Dclass are; thc

"centers" is confusing at first, because he named natural
landmarks and the inland towns front which the fisherrnen
came rather than the harvest sites. His northernmost point
on the New Jersey side of the bay was the town of Heisler-
ville about 2 miles due north of Thomps >ns Beach. Thc
tnajor centers" between there and Cape May Point were
Ewing Neck, West Creek, East Creek, Dennissil!c, Goshen,
Dias Creek, Green Creek, Fishing Creek, and T<>ssn Bank.

Fsgure 3. Delaware liat«t tsd the corstirse>stal shelf at the mouth of the bra r Graded areas show fo ur rarsgcs of submerged cost tours  i c., water depths! is<
f<athorsss For cost vertiersce, due to the size of the Ns<tp, the >st mes o f beueh< s <aud rivers <are reduced to rw o letters stud rend north to sou tlr.



TABLE 2

Horsesitoe Crab Spawning Activity frosn
>1 May throtsgh 1 1 August 1951 on the CaPe May

the Vicinity of Highs Beach, New Jersey

Single Crabs
A%des Females Location

Date

22 May
23 May

7 Junc
8 Iune
9 Junc

13 June

14 Junc
16 June

20 Junc

21 June
22 }Unc

23 Junc
27 Junc
29 Junc

5 July
6 July
7 llilv

11 July

12 inly

13 Icily

14 I «ll
1 x lull

I

2
14
6
li
29
17
Il
1

13

1
I

On the Beaches

19 i<ill

2<1 I<ill

I lllll
24 I ill<'
27 lull

4 LC<gclct
. ll I 8 l lit
%<rgllii

Ic>t>I males - l,1<12 iron pEACII - «>33, c~l> tidal f]<ti = 469!
I "i'1 rim>les = 483  cili Itl ACH 17 >- lili ndal fills =313!

hl'oksr  ;c i""nt' «e«made during v afk< front a c:<ii't.lge ill'ct ccff
Hi Iis Beach 'ug eh uad tli <lie NCW fllsey C>V "
~x>te 600 i <>>tell nv<> rlilirid td+ a da'. Va
<idaf flat e<!urc>rtts <vere ~ . i Me <>n <<nil' 48 "I th'"e
lei el 9 a'c ell lie:rl}ler near cir al high ricfe l!r k!u tide

11

0 6 7
17
11

4 3
14
2
11
10

0 0 0
Il

1 1
24
I
7
23

I I

0 2
7

8

8 3
0 6

4 4 0 2 8
9
32
163

1

0 3

4 3 3 5
101

47
63
14

10
0
12

0 7
37

24

4 ',i
] I
.I

41
20
17
3

44
4

2

6 0 4 2

2 2 1 I I I
2 2 2 2
0 0 6 0
143 0 0
2 I

0  !

1 CI

2 I

6 I

nda flats
tidal Rara
BEACH
tidal flats
tidal Rats
tidal Rats
tidal Rats
tidal Rars
tidal Hara
tida] Rats
BEACH
BEACH
BEACH
tidal Rara
tidal Rats
Rdaf Rats
tidal Rats
tidal Rats
tidal Hats
BEACH
BEACH
tidal Rats
B EACH
B EACH
rid al flats
tidal flats
8EA ;H
BEA ;H
BEA :H
ridal flats
8 EAC 1 I
tidal flats
Bl'ACH
B I'lAC H
BEACH
'Ild,l flats
tidal Rats
tidal fiats
tidal I'lan,
BEACH
ticfal l!ars
tidal II.>rc
tidal fi'<ts
131:A  'H
t<d'>I Ilats
BEA  H
tid.l! R.iis
tidal f lars

1890 catch was 275,000 crabs. Even as late as 1924, large
numbers of horseshoe crabs still 5< ere being taken at
Bowers Beach, Delaware,

Nadir of Abttndafncce �940s � 1970!
Exactly when the horseshoe crab population spawning

on Delaware Bay shores was at its lowest level, between
the 18505 and today, is not known. It appears, however,
that the nadir in spawning was reached between the years
1940 and 1970, probably 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 fioni a meal
made from horseshoe crabs to one made from blue crabs
 made elsewhere frors> shucking-house ofTal! was because
of the. cotnplaints ft'om new inhabitants in the vicinity ol
the fertilizer plant. The complaints were due to the awful
stench that emanated fr<irn decaying h<>rseshoe crabs, In
the beginning, the plant had been in a remote, rural area
where the stench had not hccn that mucli of a public
problem. Since the U.S. Bureau <>f Conirncrcial I'isheries
st<>ppcd collecring horseshoe crab harl est data in the
1960s, aim<>st conct<rrently with the ccssati<ni of thc use <>f
h<irseshoe crabs in I'ertilizcrs, tht harvest data cann<>t be
interI>rered strictly as an irtdi<.ati<in <>f a Jack of crabs.

'I'here are only scattered bits of infiirrnati<>n  from the
l>caches and the be»t tuc z<>nc inside arid <>utside Delaware
Bay! during this period, but altogether they provide a rough
ideli <>f the abut>dance and distrihuti<>n <>f horseshoe crabs.

's Mihie and Milne �947! reported that a stretch of Cape
May beach yielding <>nly 1 50,000 crabs annually was the
same area w;here 500,000 crabs were har vested anrtually
oiily a decade before.

I it I 949, vc lien I'>r. 'I'hilt lolv C.:. Nels<�>n of' Rutgers Univer-
'c Icy intr<>dill. Cd iiie I< > the h<irsesblx: Crabt l>f DelaWare Bay,
I j<irred d<>W n a fesv n<ites <>n Lr»rrduS aCtivity in the ViCinity
<il Highs Beach, Nell Jersey.  !n 7 May 1949, 437 crabs
uierc on a 600-m strand in tlic early ni<irning, near dawn
 high u'atcr at 0355 h ! urs; fi ill n> x!n <!n iVlay 12 !: 79 siii-
glc males, 267 males ili niating groups <lith 91 feniales,

In 1951, on 5 May, during high tide i» the vicinit ot Highs
Beach, just befi!rc mi<inight, a<line 429 li<>rseshoc crabs
were c<illrit<.d oil a 600-iii strand jusr south of'th» 1949
sighting: 71 single males and 230 males in mating groups
with 128 feniales. The iiicideiicc of horseshoe crabs iii this
same area, front 21 May t<i I I Augusr, is given in Tab>le 2,
These observati<ins  Shustcr, uiipiiblishedI, the only knlnvn
data Ir<>ni that peri<>d at a spccilic site, arc indicatile of the
l<llv iiuniberS of crabs spalvning iii tliC ar'Ca, Tliel' are cited
for comparison with nu>re recent data I Table .>!.



TABLE 3

Peak Numbers of Horseshoe Crabs Observed
During Surveys of Spawning Activity, 1949 � 1995,

at Highs Beach, Cape May, New Jersey

12 fema!es  widths fron> 15.0 � 24,0 cm; averagc-
20,5 cm; sotne of'the smaller females probably were
immature but that is not always easy to determine!.

On 16 Scpternber 1955, four males and two females and
three or f<>ur exuvia were taken in a small, hand-operated
trawl fi'om the University of Delaware boat, Aearria, frotn
Old Bare Shoal direct!y east <>f Mispil!ion River Inlet.

On 13 December 1955, Booth was on the Anterirar>
Beauty, which caught only one female horseshoe crab in
a tora! of five tows between Bare Shoal and Hawks Nest
 a shoal east of Bowers Beach, Delaware!,

On 7 August 1957, Booth was on Capt. Petcrsen's
boat dredging for conch  location not given, but most
probably in the k>wer part of'thc bay!. During th» day,
147 horseshoe crabs were caught and Booth measured
their prosomal widths: 115 were females  ranging
214-357 ntn> in saidth; average - 2'77 mm! and
32 males �01 � 254 mrn; average - 228 mm!.

¹ee: Because the length of the !>each srrand surveyed varied from
yrar io year, all data have been transl'ormed t<i n<imbers of crabs per
lo rn of beach strand for easier rom!>arison.

+ On 26 and 27 June 1953 and in 1954, Shuster �955!
tneasured thc pros«ma! widths of 102 ma!cs  range =
178 � 258 mnt; mean 218 tnrn! and 56 fcinales  range =
243 � 351 mm; incan 291 inm! in the vicinity of Highs
Beach, New Jersey.

o  »s 2 and 4 May 1955, Richard A. Booth reported that
large numbers of horseshoe crabs were taken by beach
haul seines at Slaughter Beach, Dc!aware. Seining was
conducted between 2200 to 2400 ht>urs under a full
moon. Booth noted that hundreds of htirseshoe crabs
were spawning in a half-mile stretch, rn«stly in pairs, but
that there were some groups with two or three tnalcs per
female. The fishermen told him that rhe greater concen-
tration of horseshoe crabs was along thc southern stde of
the Mispil!i<>n River Inlet where a sandy beach had accu-
rnulatcd against the jetty,

+ On 29 May 1961, Shuster et a!. �961 iViS! col!ected
100 mated pairs froin Slaughter Beach, De!aware, between
2200 and 2400 hours during a full-moon high tide. Proso-
rna! width mcasurernents were as follows: fema!es  range =
245-350 mm; mean = 285.6 mm!; and ma!es  range =
190 � 260 inin; mean = 219.6 mtn!. The beach strand from
which the crabs were collected was alx>ut. 100 m long and
had a total of about 1,000 spawmng horseshoe crabs.

Benthic Zone of Delaware Bay
+ On 14 March 1955, Booth recordrd horseshoe crabs

caught by Capt. Parsons on the 7hel>n<a Dak in the lower
portion of the bay during three dredge t<iws for blue crabs.
several immature specimens and 18 adult males  prosomal
widths from 15,0 � 23.0 crn, average = 19.0 cm!, 7 im-
mature males �4.0 � 16.5 cm, average = 1 5,5 cm!, and

Continental Shelf

On 10 October 1955, Richard A. Booth reported that
adult horseshoe crabs up to 12 in, �0.5 cm! vide werc
abundant in 50-60 ft. �5,2-18.3 m! of water south-
east of the then Overfalls Lightship and had been so for
at least the prior week.
On 26 October, Booth reported one to two dozen horse-
shoe crabs in each of two rows at 50 � 65 ft. �5.2 � 19.8 rn !,
southeast of Overfalls Lightship; only one was taken in
another tow tnade at a depth <>f 80 ft. �4.4 rn!,

On 6 November 1956, the prosornal widths of 18 inalcs
and 18 females were measured by B<>«th on the Anrerierrn
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 cm; average = 22.0 cm!.
On 10 November 1955, Booth reported approximately
4, 5, 15, and 15 horseshoe crabs were taken in four t<iws
 by otter trawl! on Hen and Chicken Shoal. Capt. Tom
Wltitc, skipper of the American Berausv, told Booth that
during fa!l fishing and winter crabbing  for blue crabs!
in the ear!y 1950s, he encountered htirseshoc crabs <>i>
the Rats of thc shoals at all times and in "the hole" situ-
ated about four rni!es southeast of the Overfa!is I.ight-
ship  as «n 6 Novetnber 1956!.
During the week of 1 August 1956, Booth reported
that thc traw!er Faith  working outside the bay fr«rtt a
Delaware port! got a "split" on horseshoe crabs  i.e.,
caught so many h«rseshoe crabs that the net had to be
hauled in in sectit>ns, by tving a rope around the middle
of the bag to help hau! in the net!. In the 1950s, thc ves-
se!s operating out of De!aware ports considcrcd th» horse-
sht>e crabs to be a nuisance and dumped them overlx>ard.

Resurgence in Abundance �970s!
By 1977, when David Attenborough and his BBC '1 V

crew filmed the spawning of Li»>ufus on thc Cape May



Horseshoe crabs were more abundant inshore in the late
spring and early ~ummer than in late suminer and fall. Some
of their data arc given in Table 4, but Botton and Haskin
�984! should be consulted for rn<ire extensive data. Thc
horseshoe crabs on the shelf have supported, and still sup-
port, several local trawl lisheries that operate out of ports
from New Jersey to Virginia  Figure 4!.

John W. Ropes, National Oceanic and Atmosphedc Ad-
ininistration, National Marine Fishenes Service  N<VIFS!,
Woods Hole, Massachusetts, and I developed the sam-
pling/measuring methodology used to record data on
horseshoe crabs. Analyses of two sets of data, obtained dur-
ing NMFS benthic fisheries surveys  groundftsh and clam!
from 1975 to 1983 along thc continental shelf, frotn Cape'.
Cod to oA'South Carolina, were reported by Botton and
Ropes �987a, b!. During groundfish surveys, 7,035 horse-
shoe crabs werc taken at 983 stations distributed from off
New Jersey to South Carolina  Figure 5, Table 5!, Fewer
crabs were taken during ocean clam surveys  probably duc
to the difference in fishing gear used!, lr<itn 35 N to 40'N,
but the data inirrored the groundhsh survey; 1,640 horse-
shoe crabs at 535 stations, primarily from thc shelf off
Virginia through New Jersey. The nvo data sets � ground-
fish and ocean clam � show the same patterns <if latinidinal

f } <'s ace la}nled series "Lik on Earth," horseshoeshore for»is acc aib again abuttdant in Delaware Baycrabs were again ahers of crabs between thc 1950, and th 197pin i92urn rs o cr
few dozen to thousands wittun a 100from a few ozee .h, as so startling that it was deeined worthy fbeac, was soShuster and Botton �985! estimated that in 1977 +�

pea spawn ik pawning population in Delaware Bay corn d
u 222,000 ~ales and 51,000 females. This nu b

probably omparable to thc population prior to th 194os
suggest, tentatively, that a decade or morc ts �
evaluate changes in numbers of hor,h

s 'n �984! gathered a considerable a
h<s~ hoe crabs caught during hydraul;c d

eys of surf clatns in thc inshore 5 5 km ~3
of the connncntal shelf, nff the coast of N

ugli 1979,
May Canal Inlet to Shark River Inlet, The standard tow  ST!
was a five-mitiute haul using a dredge 152 crn wide; this ST
c<ivercd an area <if about 418 mz. Thc mean nutnbcr of
crabs taken per ST increased each year: 3.34 in 1976, 4.00
in 1977, 9.18 in 1978, and 11.46 in 1979. Thc fre<iuency
<>1'<iccurrcnce and abundance ol' the horseshoe crabs, higher
«lT the s<iuthcrn half <if thc state, was presumed to be a
f'uncti<in of the proximity of thc region t<i Delaware Bay,

TABLE 4

Horseshoe Crabs along the Ncw Jersey Coast: A Partial Recounting of Survey Results, 1976-1979
Coefficient
of Variation

5 with
Crabs

Number of
Stations

Area
Year Mean

"'"' gott<>n and Haskin 19 �; their report, espeoally fables 2 -5>, <hould he consulted in its entirety t<> exan>ine the entire matrix ot
"rs"s d>stribution  seasonal, latitudinal, and distaricc lr<>tn th< sh<>r«ltnel. Only four areas are re<<>u<tied here tthose nearest t<>
e a" a«Bay, along Cap» Mav!.. 1 =  :ape Mav Inlet t<> Here i<>rd lnler, 2 = Hereh>rd lnler tn Stone Harbor; 3 = Stone Harb<>r t<>

"et an'1 4 potvnsends inlet to C<>rs<>n ln!et  note als<> the 13 June lqgg entrv in '1 able bh 1'he distance otfshore «as ti'<><n rhe
"'- ~re» me I are expressed as the number of crabs per standard t<>v . The srandard tow  ST! ><as a 5>-tt>toute haul using a dredgr.

1 coveted an area of about 4 Ill m . ln 1<>76, sampling e<>n>turn<ed in mid-lull and <vas most extensive in late Augu>r and early
September; in >977 1 "7", most sampling was in lun«and luly.
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I �976!

1 �977!

1 �978!

1   1979!

2 � �6!

2 �977!

2  l978!

2 �979!

3 �976!

3�977!

3 �978!

3 �979!

4 �976!

4 �977!

4 �978!

4 �979!

27

34

32

30

12

10

10

11

21

16

21

21

7

17

14

20

85.2

94. 1

96.9

96.7

66.7

70,0

90,0

100.0

90,5

90. 5

100.0

71.4

100,0

100.0

100.0

7.7

11.3

16.7

20.2

4.1

2.8

12.2

9.6

6,0

7.0

10.4

15.5

11.2

6.1

134

20,6

0,81

1.41

0,79

1. 20

1,27

1.29

0,71

0.70

0.65

0.83

0.70

0.63

1.14

0.68

0.46

0.96

25.7

87.0

54.0

107.8

10.7

12.0

24,0

18,3

15.0

20,6

28.0

33.3

35.3

14.2

24.0

92.5



+ I~tt'tzttI>'»al Evitkztcc. The highest abundance and fre.
quency t>f occurrence is on the shelf nearest tt> the
m<>uth of Delaware Bay, mth the average nuznber per
tt>w generagy decreasing with distance from the shore.

I3ct tIz> mete c Fvitlencc. Ht>rsesh<>e »rat'>s werc abundant,

xveg s>ithin th»ir naigratc>ry range, in reference to th»
m<>uth t>f Delaware Bay. They svere taken, fron> thc
insh<>re sampling Iin>it of 9 m to 290 n> depth, >vith
7433> t>f th» total from stati<>ns shallower than 20 zn
and 92% fit>rn stations less than 30 m.

+ Scctsontzl F> ideztce, The data shoe that mor» ht>rs»-
sht>e crabs >vere taken inshore during thc spring sur-
vey, well svithin their znigratory range to spa>vning
areas in Delaware Bav.

The question of >vhether horseshoe crabs on the contin»n-
tal shelf'can make it back to Delav> arc Bay is ans>vered by
tagging data that demonstrate that Ii »tztlzts is capable of mi-
grating relatively long distances  Shuster 1950 = 13.5 statue»
tniles in Cape Cod Bay; Baptis~ et al. 1957 = ab<>ut 15 statute
miles, Plutn Island area, Massachusetts; Swan, Li nufi Labora
tt>nes, unpublished data - 100+ statute miles � see lab!» 6l.
I believe the differences in distances traveled is a function of
the number <>f animals competing for Icbcrtrrctze>n  the space
required for life!, The first twt> populations, noted above, had
markedly fewer horseshoe crabs than in the Delaware Hay
area, which may have been reflected in their lesser migrations.

Ftaa»c 4. A deck load of horseshoe crabs on the IV Elizabeth C. in
1978. 1hc crabs werc cazfttht with a Tankcc 36 nct  thc na>nbtr of
to>rt rcprceen test b» this catch >vas not recorded, bat each tow >vas
for l5 zninzetct!; location on the conttnental shelf >oat not recorded.
Photograph cozertctr of Thoznas A=arovi t=  northeast Fzsherict
Center, XIXFYi/NOAA, Woods Hole, I>IA!.

and bathymetric distribution as >veil as scast>nal abunda»cc.
AII the data  Tables 4 and 5; Figurc 5! are consistent srith the
observation that the shores <>f Delaware Bay are the major
spawning area for Iiznztltts.

Recent Abundance �990 � l 995!
The decline of the horseshoe crab pc>pulation in the Dela-

ware Bay area since 1990 is suggested by three independently
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Fig>trc 5. Mean nzt>aber of hortczhoe crabs per 30->nznzt te tow, in each I ' latittede and lanai tadc block, based on .'>Iorthcatt Fisher>et Cc>t ter,
Matio»al Marine Fisheriet Service/XOAAgroandfisb tra>vl data from 1975 to I983  fro>n Rotton and Ropes I987b!. The rz>nbnltfor tbc n>rn>-
ber of crabs per tow is i >t thc lower right corner of the "'Sprznp' chart; The ntcandcri »tt linc offshore it the 200>n depth con tot> r.



developed data sets.  I ! estimates of abundance during peak
spawning  volunteer survey!; �! benthic trawl information
witt@» Delaware Bav  Delaware Divisit!n of Fish and Wild-
li fe!; and �! benthic tra«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 Lamuli
laboratories!. These four surveys arc cited here to complete
the rcfcrences to known data sets; the results of the first three
of these independent surveys were reported separately at this
forum  see Swan; lsIichels; Himchak; this volume!,

TA!st.F. 5

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

Local tagging data are sparse but the recapture of nine
tagged horseshoe crabs  Table 6!, along with the distances
from shore established by the fisheries surveys  see Figurc 5!,
help to dehneate the range of their migrations. Thc results
are consistent with the observation that horseshoe crabs
move between Delaware Bay and thc shelf.

Stttttmary
Dccrcascs and resurgences in the Delaware Bay horseshoe

crab spawning popuIation can bc tracked roughly from the
accumulated data, sparse as it may bc, for ahiiost 145 years
�850-1995!. From that data and life cycle infortnation  see
LA!veland et al., this volume!, certain conclusions can be drawn:

o Ft!r as long as records have been kept, since at least the
1850s, the Delaware Bay shoreline has been and contin-
ues to be the tnajor spawning area of I is!! tslssr p<!lyphe!sssss.

¹sss! From 1!utt<!n and Ropes, 1987h. Strata shalk!wer than
27 n! were de!incd as inshore; strata deeper than 27 rn were del'tncd
as t!tysh<!re,

TA!sLz 6

Distribution of Nine Adult Horseshoe Crabs  Specimens "A" through "I"! Tagged in the Vicinity of Delaware Bay

Date
Tagged

Date
RecoveredLocation Location

te!T!'lieNJ !RI,,  :ape May, <VJ

female ; orson Inlet, NJ

fi:male

!T!.1 I c

lcmalc

8! rra» I, s<!t!th <!f  !cca»  :irv, !evil?fern a! ca

liy trawl S<!uth uf' !Ccan  .'irs

I rawl, <!ff  !cc1»  .!t!', < '11!

Iit!at, India» River Inlet, 1!E

!!!ale

10 Jt!ne 1994
H

!t.'	!aleEast Point, NJ

� Aug,. 199527 Mav 1995 Icn!alCBig Sn!nc Heacl!, Dl..

¹" The individuals tagged at Pickering Beach, l!elatv!rc, and l�tst 1'oint, se!< lerscv, n»grated at least  
 <tan!te m<les �00 k<t! ! in stra<gin-line
a«cs Assum!ng that these horscsh<!c crabs acruallt tra<cled these distances, then thc "!as!est iA!n!<!<ied s<!nte >8 statute miles l89 kn!l »�th

in 88 da!s
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5 Jt!»e 1987
A

13 Ju!ie 1988
B

23 J«ne 1989
C

9 June 1990
D

9 Jut!e 1990
E

10 Ju»e 1993
F

10 Junc 1993
G

 :ape Hcnlt!pe!i, 1!E

 '.ape Henl<!pen, I? I..'

 .ape Hc»lt!pcn, I!E

I'ickcring Beach, I! E

Pickcring Reach, I!l'.

8 July 1987

14 Sept. 1988

31 July 1989

10 AUK. 1990

10  !ct. 1990

4 Sept. 1993

4  cpr 1993

4 Ja» u ary 1995

Ry trawl, off  ?cea» City, MiD

Trawi, mouth of Delaware Bay

Boat, Indian River Inlet, I?E

'I'rawl, 5 miles oly  !cean  : it!; M I!

'I'rawl, 5 t»iles <!ty !cea»  :itv, < IL!



+ Thc spawning season within Delaware Ray usually ex-
tends over several months, within thc months from April
to August, with peak spawnings usually coincident with
the full- and new-moon phases, Why this is so may bc
due to hvo or more factors: �! Shustcr and Botton
�985! speculated that, due to the distances the adults
had to travel to reach the spawning beaches, several
spawning cohorts might arrive at different titnes through-
out the season, depending pritnarily upon thc distances
they traveled. �! Most of the year, and certainly during
the spawning seasan, all n>ature females appear to con-
tain at least two clutches of eggs; those that 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!. 'I'his situ-
ation raises the question <>f whether some <it the females
might spawn tv<ice a year � early and late in thc season.

1 Horscsh<>e crabs niay remain in the ntated condition
 i.c., iii Q>>>plex>v! f'<>r days and even weeks t<> months.
It is not uriusual, therefore, to observe mated pairs in
thc bay and on the continental shelf during the spawn-
ing seas<>n, or at other times of the year than the spawn-
ing season. Amplexus by itself; hov;ever, d<>es ru>t
necessarily indicate that spawning is occurnng; spawn-
ing occurs on beaches. Everything that is known about
the survival, development, and hatching of Li>>»tlt<t
eggs 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 <if thc adult horseshoe crab is one
male per female  Shuster, unpublished observations
based on studies in thc Cape Cod area, surnnicrs of'1949
and 1950; Shuster 1950!. A change in that ratio toward
tn<>re males can bc 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 c<iunts <>f
the spawners because the inating behavi<ir of the males is
nornially that of concentrating ak>ng the shoreline
whereas thc fetnalcs generally move into dccpcr water
after spawning. On the spawning beaches, males com-
m<inly outnumber females. Due to an apparent tendency
for the fernalcs and niales to have different migration pat-
terns, sufF>cient numbers must be sampled over a large
area to ascertain the sex ratio, A difference in the <nigra-
tory patterns or distribution of the adults is suggested by
data from an area just north of the mouth of Chesapeake
Bay  Shuster 1982!. I'here, Dr. Paul A. Haefner, Jr.  pcrs.
comm. 1979, Virginia Institute of Marine Science! re-
corded no males and 53 females in water depths fron> 17
to 39 rn in carly Junc 1973 and 17 males and 96 females
in depths from 23 to 45 m in mid- Vovember 1974.

+ Thc Delaware Bay spawning population is far-ranging.
!ts numbers have been so great that a significant p<irtion
of the total population ranges out onto the continental
shelf. Undoubtedly, in decades of sparse spawning on
the bay shores, adults v acre less nunierous on thc shelf,
as some commercial f>shermen attest,

Horseshoe crabs move freely betv een the bay and shelf;

+ Species in the diet of horseshoe crabs are available
within the bay  Botton 1984! and on the shelf
 Rotton and Haskin l984!.

Horseshoe crabs have been harvested heavily in the
Delaware Bay region, from the bay shores and bott<im
and from the continental shelf. Despite <>ver 145
rec<irded years ot harvests, th» populanon remains the
largest for the species.

Impacts upon the spawning population are not readdy
apparent, and the recovery of thc population takes sev-
eral years after heavy harvesting has ceased, This is due
to the long life cycle of horseshoe crabs, upvvards of 20
years, half otwhich is in the adult stage, which mutes
rapid changes in abundance  as compared to the blue
crab, Cafli>teeter r<tpidls, 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
 Limulus polyphemus L.! in Delaware Bay and

Its Importance as a Commercial Resource
by Robert F.. Lof>eland, Rasters Unit>ersitv;

Mark L, Bottnn, Fordham Unt'f>ersitv; and
C:arl N. S>buster, Jr,, Virginia Institute of Marine Science

Abstract

Life Cyme of the
American Horseshoe Crab

Introduction

Wc review those aspects <if the natural hist<>ry <if'
Limuluspolyphrsuus I., the American h<irscsh<ie crali, that
arc isnportant in understa»ding thc l<iiig-tern> stability <>f
this species. Mating bcttavi<ir, agc a>td gr«ivth, natural
cnortaliry, aitd liatiitat sclccti<ut arc emphasized.!ipawning
ntigl'ltl<ills Iiivolve sc.is >ll.tl, Iullar, alld tlc'lal rllyttlilis.
hhting is t,iitd<»n ivith respect t<i b<xly size. Females
def><is>t li.><cites <>fab<xtt 4,000 eggs at scdiniettt depths
tietivceii 10 a>id 2.> ciil <!ri open sandy bcaclies <il 'the Ncw
Jersey and Delaware sh<>res <>f Delaivarc Bay. Horscsh<x
crab eggs are recognized as att csscnti,tl f<xid f<ir mtgrat<iry
sh<>rcb}rds in Delaware Bay. }.:ggs that arc cate» by birds
pr<ibably arc disl<xlged fnim their inirial p<>siti<in by the
burr<iiving action <if'<>ther crabs <>r by wave turbulenie.
Horscsli»e cratis arc very sl<>xv gr<>iving, requiritig ab<>ut
nine years t<> ~tt~in sexual ntaturity. M<>rtality is extensive
a<n<ing tlte eggs and larvae, but probably >are in sutitidal
ad<tits. Beaclt stranding is the m<>st signifi<ant natural
ca<Lac <if «ditlt ni<irtality in De!aware l4v.

'1'he discributi<	1 alld ala<I tidalicc <if horseshoe CI'al'is ili
l<iwer Delaware Bay arc g<ivcrned by availability <if sai>dy
beaches f<>r spawning. This, in turn, is influeiiced by
geological factors, as welf as humait devel<>pntent <>f thc
shoreline. Presently, m<>st <>f the principal h<irscsh<>c crab
spaivning habitat occurs in the l<>iver hay, although sniall
patches <if' sandy beach farther up the bay may have very
high densities <il crabs. Sca-level rise aiid beacli er<isi<in
ass<>ciatcd with gl<ibal ivarming appear t<i he diminishing
the extent <>fsa»dy beaches. The commercial utilization of
h<>rscshoc crabs for bait has increased since the late 1980s.
The results of several h<irccshoe crab survey programs sug-
gest a declining stock size and the need f<>r a c<xirdinated
regional managcrncnt strategy for this species.

The spectacular migration of sh<>rehirds in Delaware
Bay c<>incides v ith the equally inipressive mass spawning
of the horseshoe crab, Limulus polyphrmus 1, whose eggs
are a vital fo<>d source f<ir thc birds. This paper reviews
che factors that influence the lifi. history and abundance
of horseshoe crabs in Delaware Bay, and discusses the past
and present c<unmercia! utilizacion of this species. We

at'gue f<>t' thc illlpo tallce <!f att aplir<!pnate elute tea<tie
f<>r this discussi<in. B»ch sh<irr-term  cc<il<>gical! a!id
hing-term  ge<>1<>gical! perspectives must bc sirutinizcd
t<i understand why h<>rscshoe crabs spawn where they d«,
and whether they will continue t<> be present <in tltc same
beaches and iii cite same nuntbers in thc future. This inf'<ir-
niation is imp<>rtant fi>r the management <>1' thc h<>raisin>e
crab itself and f<>r the niigrat«ry shorehirds that rely on
h<>rsesluic crab «ggs during their spring migraci<>n.

The horseshoe crab, Ls'sssulus polyplsrsssus, is <ine <if 1'<uir
extant species <>f' Xiph<>surans and is the <inly iV<>rth Aineri-
ian representative of' this group of ancient  :he!iceratcs.
Thc f<>ssit record suggests that Limulus may have its <>ri-
gins in thc c:retaccous, at least e>0 million years ag<>
 kecsidc and Harris 1952; Fisher 1984; Sekiguchi 1988k
Thc distribution of this species currently is limited co the
cast c<>ast <>f N<irth America. Limulus polyphemus ranges
discontinuously f'r<nn the  .l>uff of lvlaine in the n<>rth t»
thc Yucatan I'cninsula in the south  Shuster 19791. The
epicenter <>f tltis species, based <>n the abundance <>f
spawning adults in thc spring, is Delaware Bay. Thc high
densiry <>f Li»sulus in this rcgi<>n is als<> reflected by rhc
conccntrati<in of crabs on thc c<>ntinentalshclf' 1<.x.aced <ill
the rn<ittth of Delaware Bay  Botton and Haskin 1984;
B<!tt<!n a>id Ropes 19f17a!.

Th» horsesh<ie crali is usually an cpibcnth<xiic creature,
which spends moist <>f the year dispersed <>ver the bay
bottotn and the continental shelf; adults begin c<> migrate
t<>ward the c<iast in the spring. They enter the shalloiv
waters»f embayrncncs in thc early spring, «here rhiy
remain until the trmperacure and/<>r day length triggers an
inshore movement, Barlow et al. �985! have determined
chat the mass rnovemcnt of spawning crabs <tnt<i the
beaches <if C:af>e Cod has a lunar c<imp<inent; tltat is, the
peak in numbcis <>f crabs <x:curs at the time <>f'spring ude
at either thc full or ncw m<xin. Afth<>ugh horscsh<ic crab
spawning in Delaware Hay is <if greater iiitciisity .tt th»
time <if' spring tide, chc <>verwhelmiiig numbers <>f'crabs
here, in c<>mparis<in to  :ape  '.<>d, tend t<> dainpcn thc
lunar rhythtnicity <ibserved by Barlow ct al. �986!. During
the first spring tide in May, there is an initial burst of



however, large nutnbers of crabs willspawning activity; o«e
come ashore on anyh anv night, esPecially if there is little wave
action  Bott<>n and Loveland 1989!.

B f t April or early Mav, many males are coupled toBy ate pri o
1' al, henomenon known as <s»>pkx'«r, There is pro-fem es, a p en<
n ounce sexuad xual size dimorphism; on average, males are
only about 80% of the carapace width of ferna}es �>omerat
1933; Loveland and Botton 1992!, There is some evi-
dence that males locate females visually, Barlow, ireland,
and Kass �982! have shown that wandering subtida[ 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 t<> chemically, mediated. N<!t all males manage
to amp}cx with a t'emale; in Delaware Bay, free-roving
suitor males arc very abundant, relative to the number of
temalcs resulting, in an imbalanced operational sex ratio of'T
ab<>ut thrcc males to every female. A particular fernale may
be arnplexed by males <if any size  Botton and Lnveland
1992; 1 aweland and Botton 1992', which suggests that
there is neither sclecti<in by the femah: f'<>r larger inaies,
n<ir a large male advantage in any male-to-male inrcractions.
 :<ihen a»d Brockrnann �983! have reported a few
<nstances <nl a 1'lorida beach in which larger males drs-
placed smaller males already in amplexus. However,
L<!veland and Botton �992! showed that male dispiace-
ment was quite rare in the Delaware Bay population and
played n<i rulc in mate selection among horseshoe crabs.
The composition of a cluster of spawning crabs, consisting
<>t a mated pair arid up to 15 suin!r rnalcs, is entirely rartdon1
v<ith respect to tiic prosoma width of the participants. M<irc
than one male can potentially contribute sperm t<i thc female
Iltrrlrlg egg dep<isrtl<ul beeat>Se horseshoe Cl'lbs puss<'.!is cxter
i>al fcrtifizati<>n, unlike <ither aquatic arthr<>l>ods.

S<imetinle in clrly spring, h<>rscsh<>e crabs will ctncrgc
t'ro>tr deeper p<>rti<>ns <>f' the bay and lie in wait in thc shal-
l< >ws, By the spring tides irr late April or early May, some
i».>ted pairs can be scen in the i»tcrtidal z<!ne. As the water
begins t<i r>se, the crabS f!egirl to nlake rheir way t<i the
bcachcs. '!he fer>!af» generally will begir! to burrow in the
wsrverwashcd s<>ft sand about 45 mrnutcs bef<>re high tide.
After rile tcnlale digs a "nest," which requires her t<i nearly
briry lrerself c<>mplcteiy i» the sand, she will extrude about
4,0tf0 eggs tli.u arc shaped int<> a clutch, a mix <>I eggs arid
valid severll celinlrlcters acn!Ss  Shustet arid Bott<!n 1985 J.
At th>s t>nle, the aniplcxed male w>lf mrltsperrn, >vhrcf»s
pulled down inn> th» sa»d, prohablv <vith the aid ot cur-
rents created bv the female's book gills, to a depth up to
20-25 cni bchi<v thc surface, thus fertilizing the eggs.
Suit<ir males appear 'to be attra< ted t<i the niated pair just
as the t<nnale begins r<i extrude eggs and may milt along
wirh rhe amplexed male  Brockmanrl 1990; Loveland and
B<itton 1992!. Sh<irtly after forming a clutch of'eggs, the
tbmafe pugs up <>ut <!f thc sand, moves forward, and begins
t<i deposit am!ther clutch of eggs. '1"his process may be
repeated a number of times f<ir every visit a female makes
to rhe beach. Shuster and Botton �9851 have cstirnatcd
that, <!n average, an individual fernale may approach the

beach <>n at least thrcc separate occasions for purposes ot'
spawning throughout thc spring.

Once fertilized, the bright green eggs begin t<> develop
within thc warm, moist sand of the beach, The majority c!f
horseshoe crabs nest across 3 m within the mid-tide region-
Most egg clutches are deposited 15 � 25 cm beneath th»
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 seen moving
around and around inside thc cgg, After two more weeks,
the clear membrane splits and a miniature horseshoe crab
escapes. This larval stage is so reminiscent of trilobites in
superf!cial appearance that they are so named. This first
free-living stage has molted within the egg membranes
several times, but still lacks a jointed tail.

The trilobite larvae remain within the sediments of the
beach f<>r varying lengths ot time. Densities over 100,000
combined eggs, developing larvae, and trilobites per
square meter occur on s<>nle Delaware Bay beaches during
the late spring  Bott<>n, L<>vefand, and Jacobsen 1994!.
Most »f thc larvae eincrgc tr<i<n the sand within a month
<>fhatching  Rudl<>c 1979!; they nr<ist likety enter thc
water at high tide, swi»l a sh<irt distance, and enter tli<
sediments <it' the Hats <iff the beach. H<iw'ever, B<irton,

Lovcland, and Jacobscr!   1992 ! h>urld r hat about 1,000 t<i
10,000 live trihibite l,lrvac per square meter rcnrain in the
rnid-l'!each sc<'lilt'iellts throtrghotlt fall and wifrtcr', nilly t<!
emerge in April. Alth<>ugh»<> pr<>ximatc rcas<ins f<ir this
pherionlelion llav<. b«'..'rl strldrcd, tlrcse authols have sug-
gested that the ultimate reas<>ri f<>r ovcrwintcring by the
tril<!bite larvae may bc,l hedge agaiirst predation by gulls
and ah<>rebirds.

'I'he gr<iwth rate and loiigcvity <if horseshoe crabs have
been srudied by a nrimber <>t investigators. Mosr studies
have inferred values t<>r the gn!wth schedule bccau!<c rt ls
nearly impossible to �! agc this species with certainty
because of the lack <>f any permanent structures that rcHcct
growth increnlents, and �! track individual crabs <>ver
their lite span because tags sv<!uld be k!st up<>n molting,
Shustcr { 1982! has estimated rhat Li»<r<lr<s polyot»<><s in
the northern part of its range matures in 9-11 years arid
rnolts at least 16 times betore reaching sexual maturity,
Sekiguchi, Seshimo, and Sugita �988! and Sekiguchi �988!
actually have reared Li»trdns p<>ivt!he»t«s in the laboratory
through 14 molts. They estimated that at least an addi-
tional four to tive m<>its would be necessary for the crab to
reach its terminal gr<>lvth stage. However, since Sekiguchi
projected the growth schedule <>f animals from North
Carolina onto the adult sizes <>f New England crabs, it is
possible that more than 19 rm!fts are necessary for horse-
shoe crabs from Delaware Bay to reach their terininal
molt. Using a clever approach to indirectly estimate age in
ilorseshoe crabs, B<>tton and Ropes �988! estinlated the
age of large slipper limpets, Crepidt>i<a fi>rnir<tta, that live

the carapace <>f horseshoe crabs. Reasoning that these
sedentary snails <vere attached to the crab since it last
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moilted, they deterinincd that horseshoe crabs can live 1'<>r
at least eight years after they reach sexual maturity. If
Shustcr correctly assumed crabs to be at least nine ycari
old when they mature, then a conservative estimate <>f' rli«
total lif'c spaii of Li>ssulus p<ilyphe»>us is 17 years. Borh
Riska �981! and Sekiguchi, Scshimo, and Sugita �988!
have found that growth schedules for Ii»srCus pnlyphe»<us
indicate both positive and negative all<>inctry when specific
dimensions of the exoskeleton ivere compared t<> the width
of tlie prosoma. The growth "curve" of thc pros<>ma itself
indicated a saltatory exponential f'<>rm for li»>ufus polv-
phe»>us  Sekiguchi 1988!.

Natural Mortality

Natural mortality among adult horseshoe crabs proba-
bly is very loiv while they are dispersed on thc continental
shelf. 1'cw direct observations <>f predation on these large
arthropods have been reported  Shustcr 1982!. However,
in  .lies.ipcakc Bay, horseshoe crabs arc an imp<>rtant c<>m-
ponei>t of'thc dict <>I loggcrhcad turtles  Keinath, Musick,
and 13! lcs 1987!. Once the crabs reach th» spawning
beaches, h<>wever, mortality increases coiisiderably. The
single greatest cause of mortality ainong adult horseshoe
crabs is due to beach stranding. On days when the wdnd is
onshore, ivave act.ion along itic beaches of Delaivare Bay
can be substantial. Horseshoe crabs that spawn on windy
days risk being turiied over and washed farther up the
beach. Once on their back, especially above thc highest
reach of'the waves, horseshoe crabs find it dif5cult to right
themselves; this is especially true for crabs with a short
or damaged telson. After thc tide recedes, stranded crabs
>nay begin t<> desiccate and eventually die after a fcw hours
when exposed to direct sun  Botton and Loveland 1989!.
Many stranded crabs also are attacked by great black-
backed and herring gulls, which devour the gills of the
crabs, causing death  Botu>n and Lovefand 1993!. In
1986, we cstiniated that approxiinately 190,000 crabs,
or about 10% of the aduh spawning population, was lost
to stranding along the New Jerse> shore of' Delaware Bay
 Botton and Loveland 1989!.

Adultmortality also occurs when inated pairs attempt
t<> spawn on beaches that have very little slope. Crabs may
become very disoriented after emerging on thc flat part of
a beach, On typical Delaware Bay beaches with a slope of'
approxiinatcly 6; crabs can return to the bay, even when
temporarifs blinded, presumably by dctccting slope
 Botton and Love}and 1987!. On flat beaches, however,
the crabs wander randomly in search of the bay. If by
chance they do not find the water, these crabs become
stranded right side up. They mav burrow to conserve
nioisture and return to the bay on thc next tide, Sonic,
however, die of heat exposure or desiccation before thc
tide returns and thus are lost to thc population.

Another cause of mortality in the adult population
involves attempts t<> spawn in inappropriate places, such

as along i<cgetatcd tidal crccks, among rubble used to
stabilize licaihes, in boat slips, behind bulkheads, on roads
diiring extrcme storm tides, etc. It is our impression that
animals beconiing stranded under thcsc conditions rarely
return to the bay. finally, anottier factor contributing t<>
adult mortality is discase, Although <iklcr, "iv<>rn" crabs
i>>ay bc c<» cred iiith fouling organisms  %buster 1982;
Button and R<>pes 1988!, only a 1'ew epizootic species
cause direct weakening of the aninial. Algal infeitations of
thc carapace  Lcib<>iitz 19861 Ixibo<~tz and Leivbart 1987!,
and a discase kiioivn as giII ballo<ining, which erodes ih»
surface ot the book gills  Bang 1979!, <nay cause nu>rtaliry
among an unknoivn number of adult crabi.

The enormous fecundity of horseshoe crabs has <uie
unavoidable consequence: inany of the eggs, developing
embryos, and trilobite larvae are prey items fnr a variety of
iiivertcbrates and vcrtebi ates. Possible predators <in eggs
include nematodes, ghost crabs, killifish, and most n<>tahly,
several spccics of gulls and shorebirds. Bird predation un
Li»>ulus eggs in Delaware Bay was hrst noted in May 1948
by Harold C'ibbs  pers. comm., cited in Shuster 1955!, ivho
recorded the presence of the scnupalmated plover, black-
bellicd plover, red knot, pectoral sandpiper, least sandpiper,
dunlin, .ianderling, dowitcher, ruddy turnstonc, and latigh-
ing gull. Shuster �953! reportect that "shorebirds f'olloii
akong after mated pairs or dig in the sand to feed upon thc
neivly laid eggs or the larvae." However, the importance of'
Delaware Bay as a stopover site for migratory shorebirds ii as
not knoivn widely until the late 1970s  e.g., lVIyers 1986!

Most of the horseshoe crab cgg clutches in the sand arc
deposited at depths beloiv 10 � 15 cm, iihere they initially
arc unavailable t<i bird prcdat<irs. However, successive
waves of spawning females cause large numbers of eggi t<>
be brought t<> the surface by the digging and burroiiing
action of'the depositing females. These surface eggs are
carried by waves and ultimately collect in v, indroivs oii the
beach. It has been suggested that most of the eggs avail-
able to predators, especially shorcbirds, arc eggs that hai'c
been displaced from their normal horizons in the sand.
'I'he numerical impact of bird predation on thc total nuns-
ber of eggs is unknown, but probably is not signihcant
 Botton, Loveland, and Jacobsen 1994!. Once at the sur-
face, most eggs desiccate and ccasc development, and are
lost to the population even if they are n<>t eaten by shore-
birds. Desiccated or decaying eggs <nay provide food for
such detritivorous crustaceans as ghost crabs  Ocvt>o<jte sp. I
and beach areas  T<elorehesria sp.!.

Developing horseshoe crab larvae found ivithin the
beach sediments are unavailable t<> surface-feeding preda-
tors. However, shordy af'ter hatching in mid-sumnier, the
trilohite larvae emerge from the sediments and make their
way to the ivater. At this time, because sh<ircbirds mostly
have migrated away from Delaware Bay, trilohites are
preyed upon bv gulls. The mortality rate aiuong iril<>bites
probably is substantial during their summer emergence.
I.. Wagner  pers. comm.! has observed laughing gull
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parents feeding chicks a diet of nearly pure trih>bites. Iattle is
known ab<!ut the carly lil'e history of p<xst-hatch horseshoe
crabs; they rarely arc found in sa<nplcs <>f thc benthic commu-
nity on thr tidal flats  Botton 1984!. Trik!bite larvae arc not
important as a dispersal stag~ bccausc thry seldom are found
in plankton samples  C. Epifanio, pers. comm.!, Those larvae
that escape gull predation and make it to thc oflshore waters
without being eaten by Ash most likely immediately burrow
into thc scdimcnts of thc flats and mctamorphosc within a
short time, Those trilobitcs that overwinter and cmcrgr in
the early spring of thc following year can begin thrir aquatic
existencc in the rclativc abscncc of bird predation  Button,
Loveland, and Jacobscn 1992!.

Influence of Shoreline Topography and
Beach Erosion on I issssslgs Distribution

Thc shoreline characteristics in I'delaware Bay arc prod-
ucts ot the intrractions am<>ng wave cncrgy, tides, sh<ircline
conf>gurati<>n, and, <wcr gcol<igical time, thc nse in sca level
 Phglips 198t>; Kncbcl, Fletcher, and Kraft 1988,' Flctchcr,
Knebcl, and Kraft 1990, 1992; Jackson and N<!rdstr<>m,
1992!. Ak!ng thc Cape May peninsula, narrow sandy
beaches prcd<>minatc up to Reeds Beach. N<irth of Reeds
Beach is a major break in shorrline <>ricntati m. Fxposed
peat banks with patches «t'active salt marsh  . iparri» sl
pred«minatr up to the Maurice River C<ivc. N<>rth <>t' I'.gg
Island I'<>int is another brcak in shorel>nc uric»tati<in, an�
the bay narr<iws c<>nsiderahly. Balt rnarshcs w:ith p<>ckcts <>t
sandy bcachcs are fi!und aking, the shi!reline. 'I'J>e salt
n>arshes cvciitually give way t<! brackish and 1'rcsh<vatcr
n>arshes in the tidal t'rcshwater l>or<i<>n i!f the es<u.<ry
  Irs !», gin>p>a!n, iind  .i ><>d 1 ! 
! aild lic upstrc'<n> ot'
any h >rscsfu>c crab activities. A simik>r grailiei>t ii> beach
t<!p<!graf!by exists al !»g the flcla<varc ah<>reline,

B<aihcs i» l<>wer I!claware Bay arc cxf><!red < i greater
wave encrgics because <it'li>nger fetch ilistanccs and pr<!x-
i>nity t<i <oceanic swell   Jacks >n a<id Nor<'I!it<'oi'il 1992!.
1'hese fiact<!r., lircvrnt thc establishn>ein <!t'salt n>arshes in
<hc k!wcr bay ex<op< whcrc there arc n>ii><!r c<>vcs <!r embay-
<'ncilts.  .<>»versclv, although <11 !!it i>f the  ,un>lsrrland
 ,<>u»ty  Ncw Jersey! 'ihofel<<1C c M1!il'i'ts <!f salt »1arsh and
}i<.'at, llatchcs ot sai>ih' i>each arc intersperse<1  'Sluls'tc<' an
But<<>>1 1985; B !ttoil, Ia!vcland, a»d Jac !bscll 1988!.

!ihustcr and Bott !ll �985! ai>d B !ft >», IA>vcland, a<id
Jac<ibscn   l98H! established that the lir<>ad distribution  it'
spawning h<>rseshoc crabs correlated «ith the availabgity ot'
sandV t>caches, h<!ine Of thC n> Ãi't ile»SC CO<1CC>1<rata!»S ot
crabs <>ccur <>n sn>all, isolated sandy beaches  e.g., at the
s<>uthern end <if I'<>rtescue! that arc surr<iunded by salt
 narshes or hulkheadcd areas, 1 he requirenient f<>r sandy
subs rate is a ci!»sequence <it the repr<>ducti >e behavior <if
females because they often bury then>selves c<>mpletcly as
they dep<>si< their «~s. Moreover, p !rous,  < ell-<ixygcnated
sandy beaches pr<ibably are m<>st suitable tor egg survival
and deveh>pment. 1 he imp >rtance <>f' sediment geochern-

istry in determining the fine-scale patchincss ot spawning
h<irseshoc crabs was shown by Botton, I~>veland, and
iacobsen �988!,

Intertidal geomorphology is an important variable in
beach selection by horseshoe crabs. However, some sandv
beaches south of the Cape May Canal have tittle breeding
activity in spite of the large crab population just offshore
of' this area  Button and Haskin 1984!, The extensive
intertidal sand Rats characteristic of the central Cape May
peninsula, which are not found south of the Cape May
Canal, may b<. linked to thc distributional patterns ol'
spawning horseshoe crabs witN» Delaware Bay.

Concentrations of matrd pairs have been seen within
salt-marsh creeks, r.g., in thc vicinity of M<>ores Beach,
Ncw Jcrscy, and the Mahon River in Delaware. Fine
anaerobic rnuds and itcnse <>parti»a stems would seem to
constitute a suboptimal spawning habitat. However, wc do
n<!t kn<nv yet whether these crabs arc actually depositing
eggs, <>r if' they have s<>mch<>w become dis<>ricnted and
can»<>t find their way <!ut <if'the marsh systcn1. We als<i
have <ibscrvcd mating activity «>n scvcrely dist«rhi'd bc,>ches
with rublilc <ir <>ystcr .1rld c la�1 sllcll debris; »� hi >ir r.ii<1ps
<»1 th» Ma<irice River.>t Bivalve, Ycvv Jersey, and  iii sn>all
sandy pa<cites belie iir bchiiid bulkhc.ids. 't'Ve believe it is
inlpo<'<a»r to assess Ihi.' xiii vl'val ot eggs ><1 these kin is  !f
disturhcd  >r iiiargii>al habitats t<> gain an understa»ding ot
<heir value tii Ji»>nl!rs repr«dui<i<in.

'I'he qiiali<y <>f he.iches fi>r horsesh<!c crabs c.in be c<!m-
pr<>n>iveil hy hiirna<i activities that alter the sh<!rcli»e.  .>ruins
 i!rien<ed perpendicular t ! thc shoreline! ai>d bulkheails
 parallel t<> the' sli<>reline! c<>ns<ructed <>t <v<!od, cinder
bh>ck, anil shee< steel are <I> u!ie t ! pf >rect I!elaware lkay
sh<>re pr<!I>ertics. Bulkheads are cspeciagy destructive to
horscsh<>e crabs because access t<> the intertidal spawning
beaches is «in>pfetely blocked. <!» a k>cal level, bulkheads
tend t<! funnel the crabs into sn>aller,>i>d smaller areas,

4lobal warmii>g is a c<!nsequenCC ot'increased emissions
<>t CO2, CH4, iu>d other atn1<!spheric gases  e.g., Hai>sen
and lucis 1990!. Although the magnitude ot global warm-
ii>g rema>ns debatable and g<>es hey<>nd the scope <if this
paper, an emerging consensus is that sca level vviB rise by
about 50 cm t m by the year 2100  Hotyman 1984;
Oerlcmans 1989; Titus et al, 1991!. This global effect
will result tron1 the melting <if ice from the poles and
trom glaciers, and from therinal expansion ol'ocean water
lOerlemans 1989!, Because of subsidence ot the east coast
of the United States, Hull and Titus �986! predicted that
the relat>ve rise in sea level in Delaware Bay would be
appr<>ximately 25-30 cm greater thats the global average.
Although New Jersey's barrier islands have received much
ot'the public attention and governmental support tor
er<ision control  e,g., attempts at beach replenishment or
stabifizati<!n!, N<>rdstr<1m �989! provided a thorough
d<icurncnrati<!n <if the reas<>ns why erosion ot bay and
estuarine shorelines may he even fn<>re severe,



bi<>b.LI cvarn>i»g and sca-le<el risc v ill pc>se .1 variety cil
ciiviriililncntal cltallengcs to cc>astal biota  Rcid aii<f I rexlcr
1992! and niust be factored into any  fiscussi<>lt .11><>Lit 11<c
funlre «bundancc and distribution <if h<irscsh<x: cralis,>nd
riiigrat<iry sh<irebirds in 1!clasvarc Bay. In tern>s c>f'pc>ten-
tial impaCtx <in hc>rSCShne CrabS, LVc LV<><lid antici!ia<c f'L'W
Lflrcc'tly «Ietrililcfital ef1ccts fTon> nsllig tcn>perat<ll c  el sc,
cir frc>m salt%'ater ilttr<lsiolt  Hilll anL'I I itus 198r>'I, lx'c lilsc
Ii»>rrlrrs has extremely br<>ad tcmpcratilrc alid s,>linity t«ler-
alices  .'Shuster 1982!, Iaster an<'I Mycrs �991! pciint ciut,
hc>cc ever, that a temporal shih i!f h«rseshoc criii sp.nvning
r<i earlier in thc spring cvould result in n>igr>tc>ry sh<ircbirds
.El nV>llg at a tlute When fc>ver eggs arc plcse lt.

ACCCteratCd CciaStal erc>xi<in aSM>CI.<<ed 'LVlth glc>1>al <'L"ii'1>ullg
could have maj<>r repcrcussioi» <>n ttrc «liu»dance altd dis-
tributi<>n <>f hc>rscshc>c crabs ili l!el.>cv<re Ifay. In thc slu>rt
term, erosicui <>I'san<I Cciillil CXp xsc peat seitimcnts, LL hicli
may reduce the sL!it.<b!!i<y <>f',1 tic,icli licir sp<nvliing
 8<!ttc>n, I.c>'VCl.ind, al'lil Jaec>bxen 1988!. Llnder 1>.it<leal
Cc inc'litic�>ns, tleaelles Silnpfy re fC.>l I.>nd<Vard ax Se.i level
rises  e.g., 'I'itus 1990; I it<is ct al. 1991!. Hc>w'ever, it is
clc.ir tlial cc>astal dcvcic>pntcnt I c.g., grc>inc and bcllkhcads!
llilpedcs tlic: 111'Lilral cycle cif beach Inigratic>I>, A I -I>1 vertl-
c,il risc in sea level could cause thc transverse er<isi<>n of
abc>ilt 50 � l � n> <>f beach air>rig <lie lie>1 <beast cciast   I lt'Lls
et al. 199! !. }lveli Lv>thc>L>t al>V add>tie>nal devel<!pnlent
al<>ng the I'!elavvare 11ay sh<>re, we cc <>uld predict a signih-
calit Ic>ss c>f c>ptinlal h<>rscshc>e crab spawning Itabitat over
the Ilc.'xt few cc>itilries. At least 8 km of sandy beach ak»>g
thc View Jersey bay shiire has been extensively bulkhcaded
by the additic>n <>t cinder bh>cks and <>ther sc>lid material
and is nc>cv unsuitable f'<>r egg laying; this rc pe c>f'niaterial
dc>es n<it degrade very rapidly. If sea level dries rise by
50 � 100 cn> in the Iiext century, then it is likely that pr<>p-
crties and r<>adways l<icatcd well inland <>f'thc present bay
sh<irc niay be threatened and >nay require sornc type of
pr<>tecti<in. C:urrcntfy, clcvati<>n differs little between
Delaware Bay and the "upland" forests; some <>f these
li>rests are beginning t<> exhibit effects c>l' saltwater intru-
sion  c.g., airing M<><>res Beach Road near Route 47,
C:umbertand C:ounty, Ncw Jersey!.

Impacts of Commercial Fishing
In thc late nineteenth and early twentieth centuries,

horseshoe crabs froln Delaware Bay were pr<>cessed in
huge numbers for fertilizer and animal feed  Smith 1889;
F<iwlcr 1907; Shuster and Bott<>n 1985!. Between the
1870s and 1920s, annual harvests from Delaware Bay
averaged over I rnillic>n crabs  Shuster and Botton 1985!.
Crabs were collected by hand, in pound nets, <ir stake
weirs set out on tidal fiats  Smith 1889!. Thc industry
declined because of' compctiti<>li with chemical fertilizers,
public complaints about c>d<irs, and possibly decliningi
hcirseshoe crab abundance. Between the 1950s and 1980s,
tecv horscshc>e crabs werc taken from Delaware Bay
 Shuster and Botton 1985!,

 !n,> Ik47-k>L> stretch <if H!ghs lfeach, Nc>v Jcrscv;
gliustCr Cciunted a dally misiin<lln cif 232 SIX>wlin>L', .'ILILlh!i
dilring thc 195 ! brccding seas<>n   494 per kn1!. In ciin-
trast, 8<>ttc>n, I.c>veland, and l,tcc>bscn   I98fl! n>iltinely
ciiilntcd c>vcr 100 cribs pcr IS In <>n this lx',Lcli c'hlrilig 11<e
19IIA brcccliiig seas<>11  - r>,r>{>7 pcr kin!. I hii lclcfic.> es .Lt
le 1st a thirteen-fi>ld Incr<'a'Ie in flic pe>k slac cif <lie sp >un
ilig p<>p«la<le>IL during a tinie in LL hiCh Cc>n>IL>erci.LI lisliilig
p rc S! I L1 I c Q'.Ls Ii>11'I I li>.L I .

Ii rrrrrlrrs presently is Ltscd tcir bait, prinianlv in cel .El><i
Lvhelk  Ifrrrvrc»r sp.! lisherics, a<id fiir the estr,Le<i<i<i iif'
hi<>nd in the pr<>dueti<>n Of' I.i»rr<I>rr aln<>ebc>Cite lys.LIC L I CAI. I
  B<>tron .End R<ipcs I9871i !. 111<>medical appllc.itic>ns <if
IXI. are Iiased cin its CXquisitC SenSitiviry t<> gr.uu negaiice
bacterial end<itc>xin  Nc>vitsky 1984!. Ivlc>rtality f'riiiii I,AI.
c>1'>Crane>nx IS n!ilti>niaed aS a I'1:Sillt iif a U,!i. I:ixxl al'>L'I
1!i Llg Adn>inixtl an ili nlalldatc: tliat .111 lili:Li CI ai'is lililst
be returned t<> their habitat Lvithin 72 hours after C.Lp.
tilre. After bled cr.>bs arc re lease<'I, abc!ut 90'fii sill Live
 RLIdlc>c 1983!. Thus, wc dc! nc>t c<>nsi<fcr the I&I.
industry a majc>r cause <>f'ntortality «f' th» I'!elacvare IIay
crab pop illa tie>n.

B<>tt<>n and Ropes �987b! estimated that thc bait fish.
cry In the early 1980s harvested at Ieast35f!, H� a<liilt
hc>rseshc>e i.riiiis Ilnnually fi oni the Middle Atlantic states
dliring the carly 1980s, and an annual catch iit cnily
10,000-15,000 horseshoe crabs f'r<im New Jersey.
1iowcver, this fishery grew dramatically beginning ari>und
1990. It must bc rlnphasizcd that the bait fishery selects
t'or egg-bearing f'cmales  Bottom and R<>pes I987b k cvhich
has obvious consequences f<ir the stability cif thc pcipiila-
tiolt. I'or I:xaniple, Lve  Botton alid I i<>vrland! <>bsefved a
major shc>re-based bait-colicctu>g <>pcratir>n at M<>c>res
Beach, Yew Jersey, in May 1992. Wc c<nlnted at le.>st 15 !
large burlap sacks lillcd with h<irscshc>c crabs; at  c<>nsers.i-
tively! 10 crabs per sack, this gr<>up renlc>veil 1,500 crabs
in onc day. These fishermen reportedlv were catching crabs
for about ten days, Shustcr als«saiv a large <rcicklc>,L<f cif
horsesh<>c crabs, taken from the <:ape i<>1ay shore <>f
13elawarc Hay, aboard the C'.ape May-I~wes ferry in sum-
mer 1992. Swan  pers. Comm.! and Iaivcland cibscrved a
dredge txiat cc>llectilig large numbers of h<irsesh<ie crabs
ofT the  :apc Shore flats in spring 1995. 'I raivlers based in
DelaWare and New JerSey pc>rtS take ti:liS Ol thi>LISalldx <>f'
horseshoe crabs each year f'rom the «>ntinciital shelf', the
majority <>f these animals und<>ubtedlv cc>ntributc tc> thc
13efawal e Bay spaWning p<>pulatl<>n   B<>ttc>n and Haskll>
1984; Sotton and Ropes 1987a!.

Based on data provided t<i the auth<>rs by the Nevv
JCrSey I>epartment Of L'nVlrunmental I'rc>tee<i<>n, hi>rsC
shoe crab landings in View Jersey <vere 252,239 in 1994
and 307,446 in 1995, Fifty-six pcrccn  <if' <he catch came
lr<>rn the Atlantic coast and 43% h.<>rii I'Pclacvarc Itay.
�veraII, cc>astwise horseshoe crab landings aicragcd
c>vcr I milli<>n animals between 1989 and 1992, and
exceeded 2 million animals in 1993  !>. ihlichcis, pers.
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«>mm,!. Current harvest rates, therefore, have reached the
same <>rder <>f magninidc as those rcc<>rdcd during thc
height of the fcrtihzcr/anima! feed hshery of thc early
twentieth century.

Summary and Confusions
Li»>id<st polyphcrr>s<s is an ecol<>gicaf generalist in thc

subtidal cnvironrncnt, in terms of'its food and habitat
requirements. Dclawarc f3ay is the populati«n cpiccnter
for this species, suggesting that cnvironmcntal conditions
arc ideal for reproduction. Within the Delaware Estuary,
spawning and egg devel<>pmcnt arc opnmal <>n sandy
beaches, which occur mainly in thc hiwcr bay. Extcnsivcly
bulkhcadcd bcachcs arc unsuitable f<>r h<>rscshoc crabs.
H»wevcr, further invcstigati<>ns are needed to assess
thc importance of marginal habitats, such as salt-marsh
banks and partially disturbed beaches.

'1'hc availability <>f'sandy beaches niay limit the rcpr<>.
ductive success i!t h<>rccshr>e crabs, At prcsellt, undisturbed
sandy beaches c<>nipnsc <inly ab<>ut 10%»f' thc Ncw Jersey
sh<>rc <>f Delaware Bay, a>id this habitat will pr<ibalily
decrcasc in thc near future. Sea lcvc! may rise hy af><>ut
O.g-l m <>vcr thc next 10<! years as a c<>@sequence <>l'
gf<>lial warming. As beach cri>si<>n c<intinues, additi<>nal
prcssurcs t<i stabilize bay sh»rc pr<ipcrties and r»ads by
using bulkheads and gr<>ins will rcsitlt, niuch tii thc
detrinicnt <>1'h<>rscsh<>c crabs and <h<ircbird» using the
intertidal z<>nc.

'1'hc abundance and distribiiti<in <if' luirscsh<ic crabs iii

Delaware llay alsi>,irc intliicnccd by c»innicrcial fishing.
Hi>l sash<>c crabs are iiscd Iis b.iit ti>r v.irii>iis fishcrics, .inif
alai> t<lf 'the esfraetii><i »f f>1»<><f iii the pniilueti<>n i>l
Li>>>><It<> aiii»cbi>cytc  ysatc. 1 br. bait indiistry selects f<ir
prc.sf>awtlll'ig ten>ale cl abs, .1 Pr.ictlcc that is cspeclallv
destabiliaiiig 6ir .iiiy tiificry, I'hc sl»w niatiiraii«n rate i>t'
f>»rscsf1»c crabs suggests tll,lt a heavilY cxpl<iitccl pi>pula-
ti<>ii <vill bc shivr ti> rcc<i'ver. Iildeei'1, this has been c<!<1-

firined in aii carlicr case liist»ry: tlie f!cia<<are Bay
p<>pulatii!il l»<>k n'> liii' <'Iccadcs ti> fclii><iud f'ri»n thc
exiensive fi;rtiliaer jaiiinial  ccd inilustry <>f' thc early
tu'Cil tie< h <'c lit<if 92', 1'I'licit niilli»iiS i >f' 11<>rxesh<>e CI ibs
wel'C 1larVCsted. I he Ice<:ili exfiailsi<>ii »t tlie b iir fishery
has !cd t» alillual cI'ab l>arvests <>f Illagn'It<>dc c<!lnf>arable
t<> thc hist»ric peaks.

II> i>ili <>pi<it<�>n, CO»r<finated I eguf.lti»n <!t ihe Ll><I t<li<S
tisltery Ixi <it geillly lie>.'<led. 1 11e 1'i'I<le-I angiilg lnlgrafin>1 i! 
the Delaware 13ay popul,itii>n»vcr the niiil-Attaiitic conri-
ncntal shelf  B<>l.t<iii,ind Haskin 1984, R<>tt<>ii and Ri>pes
1987a ! suggests <liat a I egh>Ital af!pf<>,'ich ti! nlanagi'nlent
is vvarraiited. Recent ri;gulati<!ns <if the c<>mnicrcial bait
fishery have ti>cused <>Ii Lii»><li<s and its relati<>nsliip t<>
fi>raging sli<irebirds. I'urthertn<>re, the prcservati<>n <>t
sandy beaches In 14claware R.iv musr bc pri<>ritizcd ti>
Illa<lit'iin 'the p<ipillatl<>n i>t ll<>rSCs!t<>e Crabs int<i the

twenty-hrst century, when sea-level nsc will be an cvcr-
gr<iwing concern of coastal managers.
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Horseshoe Crabs and the Sharebird Connection

by Kathleen Clark,
Endangered and ¹ngame Species Program,

Nm Jersey Division of Fish, Game and Wr'ldlife

Introduction

Shorebird Migration

This Forum brought participants together to discuss
horseshoe crabs and their population trends in Delaware
Bay, One of thc important aspects of ht>rseshoe crabs,
which is making thetn a subject t>f wider attention today, is
their significance as a resource for migrating shorebirds.

Spring sh<>rebird migration through Delaware Bay has
received attention since the early 1980s when the New
!erscy Audubon Society began surveys along the bay
beaches. Bctnre that, few ornithologists mentioned it as
the impressive phenomenon v e recognize today, This is
a bit of a mystery, but it may bc that 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 1'or fertilizer,
Regardless, thc shorebird migration through the bay
today is signilicant for hemispheric shorebirds and is
supported by horseshoe crab eggs.

Nearly every<>ne rect>gnizcs that shorcbirds eat horse-
shoe crab eggs, Crabs lay billi<>ns 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 1VIay, usually near the peak of'crab spawning. Shorebirds
crowd onto these strips of'beach and make a very visible,
dense scene as they forage in the intertidal wet sand for
eggs. This amazing phenotnenon occurs because foods
thar shorcbirds eat are at very low levels in early spring.
For shorebirds tt> make their 3,000- t<> 4,000-mile migra-
tion north, they need to feed wherever ft>od is available.
Their migration north is ti>ne-constricted --- they need
to reach the Arctic just as snow is melting, lay their eggs,
and hatch them in rime for the insect hatch  on which
young shorebirds feed!. Adults begin thc 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 essential,
unequaled stopover in the eastern United States to
meet the needs of shorebirds for food and rest  Clark,
Niles, and Burger 1993!. The numbers ot shorebirds
reflect its irnportancc: Delaware Bay hosts thc second
largest number of migrating shorebirds in spring in the
western Hemisphere  only Copper River Delta in Alaska
is larger!.

In th» early years of'our research, we focused on the
beaches as the primary and most critical habitat fnr shorc-
birds, For scvcral species, the beaches are critical habitat:
rcd knots, ruddy turnstones, and sanderlings feed heavily
on the bay beaches where eggs provide an abundance ot
food. In recent yeats, however, we have surveyed n>arsh
habitats on Delaware Bay and the nearby Atlantic >narshes
and found heavy usc by birds. Shorebirds use a complex ot
habitats based on their needs  ftw>d or rest!, time t>f'dav,
and the tides that make habitats available or unavailable.
Although shorcbirds 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 Oats and tidal ponds, nontidal
ponds, creek edges, and generally nonvegetated marsh.!

The marshes also are critical habitat because sht>rebirds

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 primarfly
in the marsh!, but it is speculated that many birds con-
sume invertebrates in addition to crab eggs. Castro, Myers,
and Place �989! found that horseshoe crab eggs werc nor
very digestible and that 72% of eggs passed unbroken
through sanderlings. Fggs remain important, however,
because the portion that is digested provides necessary fats
that help the birds gain weight quickly. Abt>vc all, the
sheer volume of eggs available and consumed by sh<>re-
birds makes up for the low digestibility. Castro, Myers, and
Place �989! concluded that sanderlings compensated for
the low digestibility by consuming three times morc than
they would of a similar invertebrate diet. Myers �986!
estitnated the number of horseshoe crab eggs consumed by
a single sanderling during a two-week period at 135,000.
Using that estimate, 25,000 tnigrating sanderlings alone
may consume about 3 billion eggs  based on a diet of
100% eggs!. Sanderlings, which probably rely 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 thc number of shorebirds
corning through on spring migration betvveen 900,000
and 1.5 million birds of six species. Sotne may presume,
therefore, that shorebirds have an impact on horsesh<>e
crab numbers. Although it is possible that shnrcbirds
remove some viable eggs, it is likely they do not have a
significant itnpact. Most eggs consutned are not viable,
having been disturbed Fr<>m the "nest" or cluster ot eggs.
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Among the sh<>rebirds found in high numbers, red knots
and sanderling» have the longest bills, 3.5 cm and 2.5 cm,
respectively  fr<>m tip to base near the eyes!. They forage
in moist sand whcrc their reach is not much deeper than
their hills. Ruddy turnstones may be thc exception; they
arc known to excavate holes in the sand to f>nd eggs and
may be reaching eggs at slightly deeper depths �-10 cm!,
Most shorebirds, however, are taking eggs that have bccn
disturbed $>m crab nests. Tides make these eggs availablc
throughout thc sand column for usc by small birds.

This aspect of'shorebird usc of'horseshoe crab eggs is
important in thc discussion of h<>rseshoc crab population
trends in the I!clawarc Bay, The ininimum population
required for crabs t<> remain a functi<>ning part <>f the
sh<>rcbird-crab relati<inship may bc higher than the mini-
mum lcvcl f<>r other parts ol'thc ecosystem. It may bc that
shorebird» arc using crab eggs that arc made availablc in
the sand when crabs spawn at a density such that they
disturb previously laid nests and disperse thc eggs. This
happens when crab spawning is above si>mc minimum
level  below which nests arc laid and ru>t disturbed by
later spawnii>g!. Wc do n<it kn<iw yet what that level is,
hutwe arc c<>ntinuing a study using egg density within
the sand as an iiidex to the crab population.

Thc liiik between horscsh<>e crab populatiotis in I'delaware
Bay a>id inigrating shi>rcbirds is critical. To deter threats t<>
shi>rebirds, we must maintain h<>rscshoe crabs at oi' alx>ve
minimal functi<>ning IeveLs. Sh<>rcbints face other I><>tentiaI
tlireats ii> I'!e}aware 13ay, includiiig disturbance, habitat
deg>adat><>>E ai>d 1<>ss, and <»1 <ii chen>ical sp>IIs. I llese and
<itlier topics <vere addressed by t tie 1993 workshop that pr<>-
diiced the C<imprelieiisivc Management Pla» f<ir.'ih<irebirds
in> I!elaware 13a>  Niles, Clark, and Pa«l l993! and l<>rmed
<lie trek>w lre 13ay Slli>rehlrd Wi>rking Gi <nip.

I'.arly researcli sh<>wcd the inipact tliat human activities
liavie i >ii sh<>rebird li.eding and resting i>n 1!claware Bay
beaches. I'.'i'el> solnei>ne walki>Eg <low>i the t>eal:h causes
f1< icks «i flv. Mi>re s< vere disiurb incus cause birds tii Ily and
le.ivc th» h<a<.h, sti>ppiiig then> I'r<ini li:eding,it wh,tt may l>e
<lie best fiir>gi»g l<>cati<>n.>nd f<>rciiig them t<> move t<> less
i>ptiinal Iiabit;ii. Liftin>,>tely, tltis ni,iy pr<il<>ng their stay until
il'iey v",>il restore tile>f f><>dy c<>nditi<» 1 n> resun>e t>ligf'atlilg,
I I nv 'ti > red<lee di'itilrbailce has heci>n>e the t<>p pn<>rity fi>r
slii>rebird iiian,>genic>>t in Neiv Jersey. We have established a
systei>1 i>f viewing areas on the bay sllore fo which we direct
v>sit<mrs. I a>caf co<>perators a»d/<>r v<>liii>teens n>aintain these
s>tes. V<>Iunteers, 'traliied as warden ed<>can>rs, enco<iragi:
visit<>rs t<i viciv bir<ls fri>m iine li>catiiin and disc<niragc
rand< >ni beai.h e»tries <>r vvalking t<x> close t<> feeding birds,
I i>is system recently cxpafldcd ti> 1>>elude a consortiuna of
c<inservati >i> groups vvho owii I uld iin the bay and who
want t<> ma>>age I< >r lw>th slu>rebirds and visitors. The
"Shorebird  !utreacti 'I can>," a pr<>duct i>f thc Shorebird
6'<>rk>ng Grinip, is w< irking ti> pron>ote sound ec<it<airisn>
around the shorebird hiirscshi>e crab phcnomcn<uu

Sh<>rcbirds 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,
Our research showed that knots and turnstones wall feed
on bay beaches whenever tidal conditions make that p<>ssi-
blc. Only on evenings when rhe tide is high on thc 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 t<>
use only sandy beaches found in the lower Delaware Bay
and on thc Atlantic Ocean; they are not found often in
thc marsh, Scmipalmated sandpipers are found mostly in
thc upper bay beaches and marshes whcrc marshes are
vast. They use mud flats heavily when available at
receding tides, Dunlins and short-billed dowitchers
usually arc found in tnarsh habitats, but usc the upper bay
beaches also, These habitats mostly are protected under
Ncw Jersey state wetlands regulations. Habitat losses
have <>ccurrcd  and may c<>ntinue! to Delaware Bay
beaches where bulkheads have been built to protect
houses and roads, Marsh habitats that were diked
decades ag<> f<ir salt-hay I'arming are n<>w being restored,
either through neglect or by active niarsh rest<>rati<>n
 such as the current Vstuary I'.nhancement Prograni
by I'ublic Service I',iectric and Gas!. The natural sys-
ten> <>I niarsh ecosystc>n «hai>ge generally llas u'orked
to f>n>'i'Idc al el I> itllig ll,>i>it,its f !r shorcbirds. All
i>ah>tats,>i e sill'>lect i > deg> adatl<>ll l'iy polh<tlo>t <>i'
a catastn>phic spill.

Delaware Bay is ain<iiig the largest shipping ports in
thc wor!d, especially l<>r <>il products. It also is onc <if'the
mosr dangerous bays, with a narrow channel and fre<luent
occurrence of treacherous wind and tide c<>nditions. Ford
et al. �992! examined the risk to migrating shorebirds
fr<>m various sized spills at several k>cati<>ns in the bay.
They f'ound that large spills upriver or m<idcrate spills in
thc upper bay have the p<>tential t<i contact a significant
p<irti<in ol' the shorebird concentration areas. Although
the n>igration period is short when crabs and shorebirds
arc present, a large spiB could affect beach quality for
many years. Both New Jersey and Delaware officials work
continuously with Emerg<ntcy Rcsponsc managers and the
U.S. Coast Guard in planning for such an occurrence.
Last year, the New Jersey Division of Fish, Game and
Wildlife co-hosted an Oil Spill Response Workshop during
which we vv<>rked through two spill scenarios with emer-
gency response managers and biologists. The results we«
used to modify the Area C<>ntingency P!an for Delaware
Bay to make it more effective in protecting key habitats.
Some aspects remain to be discussed, such as the pros and
cons of using dispersanrs and the in>pact they would have
on benthic fauna. Participants of this forum perhaps
should c<>nsider these aspects.



1!cia care Ray itis li<>tf> Inter<>ali iilal a id l<>cal s g-
!illie,ii>cc, .'i< i Ill> An'lcncan c iuntrics  vith sh»rcbird
c<illcci'itfali<>1'Is c«nsl fc ' 9 hat <vc d i hei c 'to pr«tcct
aiiinial aiid habitat rcs<iurces as important, bccausc i 
helps them ««act circ pr<itecti<in,iiid garner political
support, Pi<>tccti<in in lucia vare Ray is imp«rtant fiscally
t«maiiitaiii .i c<implcx cc<isvstcni <itsh<ircbirds, h«rsc-
sh<ie crabs, and c<ni!>tlcss»tlter spccics. Addi«<>nally, tlic
nligrati«n phcli irlierl iil is >rrlp<irt;ult to thc cc !il ilnies
«t local coin!nunities in tltc l!cfa varc Ray rcgi<m, and
it pr«vidcs tcas<>ns f<ir pc«pic to pr<itcct «pcn spac .
and biological resources. rhis is a very real exa>nplc
<>tconservati<in that has many benefits: biol<igical,
s<>ciaf, and ec«n<unical,

Demand is great right now t<>r s«und i»t«rmati ui on
the magnitude <if the crab population and thc relative
inipact of harvesting and «ther m<irtality. Wc ncc l such
data to make proper regulations t<i sustain the crab p<>pu-
lati<>n in the long tertn For both their economic value and
ec ! l !gical role.
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Summary of Trends in
Horseshoe Crab Abundance in Delaware

by Stetvart F, Michel,
Detatf>are Division of Fish and Wildlife

shoe 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, �.1 cm! stretch mesh in the wings and body
and a 2-in. �.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 pr<>somal
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
significant decline since 1990
 Figure 2!.  ;ornparisons of the
adult trawl survey catch rates
n> the annual h<>rscshoe crab

spawning survey estiniates
 R. I.. Swan, pets. comm.!
showed a highly significant
correlat«>n  Table I !.

Fry><rr s, l!rl<r><>are 8«v sa»<pli >yg nar>0>« � <>d><lr jz»frsh rr<>v~/s><rvev, 199fI
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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 ol'
a mandatory reporting system,

Adult Trawl Survey
In 1990, rec<>gnizing the importance of the species to

the estuary, the DE DFW began collecting data on horse-

S<.x ratios obtained fr<un the

silt'vey werc not sigiilficaiitly
dif'fcrent from I: I i» the years
1990-1992  'I able 2!. Sex
ratios were significantly differ-
crit froin th» I:I ratio in 1993
and 1994, favoring males �0%!.
This caused some concern as it
was thought that thc shifr in
scx ratios may he attributed i<>
the selected harvest of females,
The sex ratio in f995, hosvever,
was not significantly different
from I:l.

Juvenile Trawl Survey
In 1992, rhc DE DFW began

coflecting catch statistics on juve-
nile horseshoe crabs  e 160 mm!
taken in its 16-ft. �7-ft. head-
rope! tra<vl survey, The net was
constructed of I 5-in. �.8 crn!
stretch niesh, with a knotless
O.S-in. �.3 cm! stretch mesh
liner inserted in the cod. Sarnp-
ling was conducted from April
through October at 34 fixed
stations  Figure 3! in ihe Dela-
ware Bay. Iinmarure crabs



TABLE 2

Horseshoe Crab Sex Ratios

TABLE 1
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Figs' 2. Horcccboc crab gco¹cccric ¹cca¹ catch pcr coro � Delaroarc,

Comparison of Adult Trawl Survey Catch Rates
and Annual Spawning Survey Estimates�

Delaware Division of Fish and Wildlife

 c 160 mm! taken in this survey were counted and mea-
sured for prosomal width.

The utility of this survey was limited due 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! trend was evident. The
absence of long-term, length-frequency data prevented the
extraction of an accurate young-of-the-year index.

Fig¹rc 3. Ss¹cpli¹g ccacio¹c � j¹vc¹ilc borccchoc crab crawl ¹crvcy,
Delawacc Bay, I 992.
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Fqrr <re 4. Hi!rrerb !e crabj>ov»ile i» kv.

Thc m<ist significant use <iI'these data t<i date was in
dctcrn!<ni»g juvenile horscsh<>e crab Jistrihution  Figurc !!.
  alch rates   I 992 � 95 po<!lcd! pl<!ttcd by stat�!1 showed
thar j«vcnilc» werc m<ist abunda»t »ear thc m<iuth <if the
,i[, }»iles River with high concentrations occurring from
thc l,it le Ibvcr to thc Mispi}li<!» River.

Commercial Landings
 :<!m »crcia! harvesters have been required t<! report

their m<>nthly h<irscsh<>c crab landings t<i thc DE DFW
siiicc 1990. AI! rcp<>rts must bc rcccivcd bcf<!rc a harvest
p<'ri!!lt 1<ir Ihc t<>l lowing year >s lss<lc J. Prior to 1990,
Iarldiligs wci'c c<ill<.'etc J solely bv thc National Marine
Fislierics Service  NMI'8!.

Fig><re 5. >t> vei!lie lair!<thi!e ere b >! ea» catch re<re> by tratio><.

Horseshoe crab landings rn Delaware have been highly
variable since 1929 with the highest landings occurring in
1976 at 2 million pounds  Figure 6!. The NMFS a»d
thc DE DFW horscsh<ie crab landings tbr thc vears
1983 through 1994 sh<>wed that Delaware accounts f<>r
approxhttatc}y 12% ol thc annual «>astwide take  Figure 7!
While r»ost of thc coastwide landings �983 � 94! were
taken in the trawl fishery  Figure 8!, approximately 60'Yo
of Delaware's landings were taken by han J collecti<in
 Figure 9!; the remainder werc taken by dredge.



Fsgssre 6. Delastsare cosnsnercial horseshoe crab landings. Fsgssre B. Coasesoide horseshoe crab landings by gear type.

Esgare 7, Coastu>i de horseshoe crab lassdi ngs by state. Fiystrc k I!ala+are hors~shoe crab landings by gear rvpe.





Resource Monitoring of
Horseshoe Crabs in New Jersey

by Peter J, Himehak,
Nett> Jersey Bit>ision of Fish, Garne and Wildlife

31

Coastal Trawl Stjrvey
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 area 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 tninutes' tow duration. Trawl specifications
include an 82-ft. �5.0 m! headrope, and a 100-ft.
�0.5 m! footrope covered with 2 X-in. �.0 ctn!
rubber cookies. Five sampling surveys are complet-
ed each year  January, April, June, August, and
October!. Sampling stations for each survey are
selected randomly for each stratum,

The New Jersey ocean trawl survey provides a rela-
tively lang-term �988 � 1995!, continuous resource
monitoring 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 frotn each year pooled, the nuin-
ber of horseshoe crabs per tow shows a precipitousde-
cline from 1990 through 1994, with a slight rebound
in 1995. Standard deviations around mean catch per
unit effort  CPUE! estimates each year are noticeably
large. Horseshoe crab catches are highly variable, in-
fluenced by season and sampling stratum. An analysis
of 1994 trawl survey data shows that of the 186 tows
successfully completed, no horseshoe crabs were taken
in 118 tows, In other toss', 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 <nore in each of only 18 tows.

The 18 tows 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 ace<>unt f<ir 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 &om year
to year, The New Jersey travel survey data will be ana-
lyzed more closely, both spatially and temporally, to
detect trends in horseshoe crab relative abundance.

Fsgure I. Survey area of It'leto jeney octa» stock assessnte«t progr as«. Strata cor-
respond to those of tbe Xational Issarine Fuheries Servtee's spring a«d fall
groundPsb surtseys eseeept at Sandy Hook a»d c,ape He»lopen, where they are
~»eased, Is>»gi tudi »al boundaries approxinsate O. I ns, I 8. 3 ns, a»d 27.4»t.



Tmm 1
New Jersey Horseshoe Crab
Trawl Survey Data, 1988-1995

Fijrccrc 2. Xnv Jersey oceccn trawl stock nttcttmcnt pneum.
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Horseshoe Crab Management in New Jersey
by Peter J. Himchak,

Net Jersey Di vin0>s of'Fish, C'assse <zsfd Wildlife

Horseshoe Crab Rule

TABLE 1

1994 Horseshoe Crab Harvest

In response to escalating confrontations between shore-
bird conscrvationists and horseshoe crab harvesters on Dela-

ware Bay beaches, the Nevv Jersey Divdsion of Fish, Game
and Wildlife  Division! developed and implemented Horse-
shoe Crab Rule N, J. A. C. 7:25 � 18.16 efTective 3 May
1993, The rule, which rninirnizes the disturbance of migra-
tory shorcbirds 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 utilized, and other information.
The Horseshoe Crab Rule did not restrict the nuinbcr of'
horseshoe crabs harvested, but it did restrict times from

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
nighttime hours only.

Although thc horseshoe crab harvesting season was
under way when the permit systein became effective, 141
permits were issued, and thc rcportcd harvest was 252,239
horscshoc crabs, Only 30% of those who obtained per<nits
complied with reporting requirements, but many permits
were obtained by individuals who subsequently did not
harvest liorscshoc crabs, Thc Horseshoe Crab Permit is
free, but both residents and non-residents are charged a
two-dollar administrative fee to obtain the permit,

The reported total harvest of horseshoe crabs for 1994
was 307,446. Table I identifies the two predominant.
horscshoc crab fisheries: hand harvesting on Delasvarc Bay
beaches in the springtime, and an offsh<>rc trawl fishery
during the late suinmer and fall. In 1994, non-residents

harvested 42,810 horseshoe crabs �3,9% of the total!; all
were harvested by hand on Delaware Bay beaches,

Thc number of horseshoe crab permits issued in 1995
 Table 2! increased substantially as the public becaine
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-rcsidcnts. In 1995, two major groups of'
non-residents from Virginia and Massachusetts wh<> had
permits in previous years were able to obtain their horse-
sh<>e crabs without harvesting in New Jersey.

Amettdment to N. J. A. C. 7:25 � 18.16

In resp<>nse to increased concern over the biological
condition of the horseshoe crab resource, an aincndmcnt
to N, J, A, C. 7:25-18.16 was developed to pr<>vide added
protection to spawning horseshoe crabs and to reduce
the disturbance to inigratory shorebirds feeding on thc
Delaware Bay waterfront beaches. The amendment was

TABLE 2

Horseshoe Crab Permits Issued, 1993-1995



TABLE 3

Reported Estimates of 1995 Horseshoe Crab Harvest
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devclopcd by the New Jersey Marine Fisheries Council
in coordination with the Endangered and Non-Game
Species Advisory Committee, bird conscrvationists, and
cornmcrciat 6shermen,

Adoption of thc amendment to thc horseshoe crab rule
will prohibit harvest of horseshoe crabs on the Delaware
Bay waterfront at any time. Hand harvesting will be per-
mitted only in back bays and tidal creeks of New Jersey
 minimum of 1,000 ft, from bayfront! on Tuesdays and

Thursdays. The amendment does not restrict the use of
legal gear  net or other means used! in thc prcscribcd
manner in the bay or Atlantic coastal waters except from
1 May through 31 May when all horseshoe crab harvesting
is limited to two days a week by hand only. This provision
will provide protection to crabs during thc peak spawning
period. The amendment further authorizes the Division to
suspend or revoke a horseshoe crab permit for failure to
comply with the specified reporting requircmcnts,



Armual Survey of Horseshoe Crab Spawning
Activity Along the Shores of Delaware Bay:

l990-1995 Summary
by Belie Lynn Snan, Limuh Laboratories;

William R. Hall, Jr., University of Delaware Sea Crant College Program;
and Carl N. Shuster, Jr,, Virginia Institute of Marine Science

Abstract

Hundreds of volunteers devoted several thousands of

hours to document the numbers of horseshoe crabs spaivn-
ing on Delaware Bay shores from 1990 to 1995, The
resulting data lead to several tentative conclusions: �! the
number of spawners shows a steady decline; �! the rna-
lority of the spawners occur <in the "middle" stretch of
beaches along the bay shore; �! during spawning, males
tend to congregate on the beaches in greater numbers, but
at other times of the year, the male-feniale ratio usually is
I: I; �! spawning activity usually is greatest during the
hours of darkness; �! thc loss of spawning habitat should
be a concern; �! the agc composition of the spawners
should be determined as a further indicator of the "health"

of the spawning population; �! the impact of climate and
weather on the occurrence and distribution of thc spaivn-
ers should be studied;  8! a massive tagging program to
define better the geographical range and abundance of the
populations spawning in Dclawarc Bay should be consid-
ered; and  9! the survey is an important factor rn cnipha
sizing the importance of horseshoe crabs and the need for
data collection to protect and manage the species.

Discttssion

The easiest way to survey the adult component of a
horseshoe crab population is to count thc number of
spawners during their peak activity on beaches. This
<occurs, usually in the hours ol'darkness, during onc or
more periods of full- and ncw-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 v<ilunteer group tu make
counts of the spawncrs, a planning board met each winter
from 1990 to 1995 to select the most pr<ibable forthcorn-
ing spawning peak activity; in actuality, the Saturday near-
est the predicted peak was chosen because of the logistics
of assembling volunteers, Spawners are generally <>f equiva-
lent abundance at least two days before and after a firll-
m<ion high tide; this is usually a suitable "ssind<»v" of time
within which to observe peak spawning. On some years
�990 and 1991!, the predicted dates of peak spawning

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

InitiaBy, the survey  popularly called a "census"! was
designed to cover all the beaches along the shores <.if
Delaware and New Jersey where spawning might occur
during the pre-selected survey date  based on the study by
Shuster and Botton 1985!, Subsequently, through experi-
ence, greater emphasis has been placed on obtaining data
from selected beaches of known high densities ol spawners
and for all lull- and new-moon high tides during the period
when horseshoe crabs ar<.. active on the beaches. This
affords 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 yield a better indicator of
the "health" of the population than the previous one-day,
baywidc survey. Vk do not have, however, an index to the
age composition of the spawning population. Since recruit-
ment inc<> the spawning population occurs each year and
each adult has the potential for spawning upv ards of at
feast eight years  Botton and Ropes 1988!, the relative per-
ccntagcs of y<iung, middle-aped, and old adults would be
an additi<inal indicator of the "health" of the population.

Briefly, the survey procedure was based on a randoni
method. On ttie selected date, each group <if v<ilunteers
counted all the male and fernale crabs ssithin six 5-rn

segments along the water's edge, I m wide, on a beach.
If no crabs were seen, this also was rcportcd. The volun-
teers placed a base stake on thc beach t<v<> hours before
high tide. A 100-rn string, marked off ssith three 5-rn
seg<nenrs before arriving at. the beach, was stretched
along the beach t<r the left and then tn thc right <if'
thc base stake. 'I'he string was used to l<icate the six
5- m segments.

The results over the past six years, on the selected "cen-
sus" date, indicate a steady decline in thc spawiiing mimbers
<if h<irsesh<ie crabs. Spaivning cstirnatcs were about 1.2 mil-
lion crabs in both 1990  Finn, Shuster, and Sivan 1991! .uid
1991  Swan, Hall, and Shuster 1992!. The 1992 and 1993
estimates ivere approximately 400,000 crabs each year 1 Swan,
Hall, and Shuster 1993, 1994! By 1994, and again in 1995,
<inly 100,000 crabs were estimated to be spass ning during
their peak actisity on Delasvare Bay sh<ires  unpublished data l.

The data show relatively vsidc shihs, hoss ever, due t<i
factors either not clearly understood or measured Iii 1992,



fc!r exalllple the survcv was c<!nductc<1 after three weeks of'
stormy <<cather; the crabs did n<>t c<ime in in any nun!hers
during tliis survey, After that survey, thc observation peri-
od was lengthened tc> all f'ull- and ncw-m<><>n tides during
thc spawning season. On 11 June 1994, the number <>f
spawners was about 343,000 compared to 104,000 <m
the day of'the survey, 21 May. Thc majority of the Junc
spawners were at Big Stone Beach �07,900!. These data
als<> illustrate the wide shifts in numbers and locations, ln
1990 and 1992  no count was made in 1991!, spawning
estimates for Big Stone Beach werc 9,120 and 3,040,
respectively. These estiiiiates werc questio>!able  duc t<>
lack oF firm numbers on extent <if thc spawning area! and
aberrant at best. During the first thrceyears �990-92!,
the majority of spawners were found <in Ncw Jersey
beaches, but shifted to Delaware beaches froln 1993 t<>
199S. Als<>, n<>t «ll the cstirnates of the lengths of the
spawning strands at each survey location have been walked
of'f'during actual spawni>Eg,  originally, as a fiirst cut, thc
distanccr were asccrtailtcd from cxaminarlon «I' U,S, Gieo-
logical Survey topographic maps and then "ground tested."
N<>t all Iocati<>ns, h<>wevcr, have been measured accurately,
Thc strand at Big Stone Beach, for example, continues to
bc cstlmatCd at 7.6 km.

The number of beaches surveyed <iver the past six years
ranged from I c> t<> 8 on thc New Jersey side; 21 to 5 <in
the Delaware side. In recent years, in part because of the
1<igistics inv<ilved in assembling and assigning thc v<>lun-
fcers, and 'to thc atteli'tlon to pr<>veil cc»ters of spawn-
ing activity, the tendency has been t<> cc>ttccntratc <ni fewer
beaches. These beaches arc probably thc best indicat<irs <if'
<ivcrall spaw»i»g activiry. Whe» the data are arrayed on a
s<nith-t<!-n<irth axis  m<iuth <>f Delaware Bay to upstream!,
thc m<ist imp<irtant aspect <>I' l<>cari<>n is rhat thc nunibers
<>f'spaw»ers create a bell-shaped curve, with the ntaj<>rity
<>f' tlie spasvners coining into the middle beaches. This is
an< >ther rcas<»i f<>r c<ineentrating the annual Sul'vey Oli the
"n!iddfc" beaches, There aLs<! have been licach "pr<>b-
ien!s." S<>mc bcachcs are virtually inaccessible {except by
hciath as at kent Island <!f'f'Bombay Hook, Delaware. N<>
crabs werc scen at Wc><>dland Beach, Delaware, fr<>m 1990
t<> 1992, Afs<!, viable spawning beaches have liccn l<>st
civcr lh» years, as at M<>c>res a»d Th<>mps<>ns beaches in
New Jersey. IA>ss <>I'spaw»ing habitat, particularly in the
niiddfe lleacti al'ea, <vill have a» if»pact <ii1 spaivning

success <>n Delaware Bay sh<ires because sandy beaches
arc th«prinic, ni<>st favorable, spawning areas.

Thc annual spawning and resource management sur-
veys by llciawarc and New Jersey state agencies contribute
t<> understanding the horsesh<>e crab p<>pulati<>n in thr.
vicinity of' Delaware Bay. Aitogether, however, the acrual
gec>graphic range and abundance <>f this h<irscshoe
crab pc>pulation have not been dehned, if it is indeed
a single p«pufati<>n.

A summary of thc data supporting these remarks is
given in Tables I thrc>ugh 4 and in Figure l.

F p><re I. cari> f!c>rseshoe ers>f> spa x!» i>sst esei»>crees,
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Tmi.a 1

Horseshoe Crab Spawning Data on Delaware Bay Shore for Pre-Selected Dates

Each year, at least nvc> months prior tc> the espected spawning season, a "census" date >s selected.
b Additional nev -<noon date.

TA8LE 2

Delaware Beaches Surveyed, 1990-1995

1994 19951993199219911990

131321

Cape Henlopen � 3Cape Hcnlopen � 3

Lewes

R<x!seveh Inlet

Broadkill

Cape Henl<!pen � 3

Lewes

Roosevelt Inlet

Broadkill

Prime Hcx!k Prime H<x!k

Fo<vler

Slaughter

Prime Hook

Fowler

Slaughter

Pri!ne H<x!k

Fowler

Slaughter

Fowler

Slaughter

Big StoneBig StoneBig Stone

North Bowers

Kitts Hummock

Pickering

Port Mahon

Pickering

Port Mahon

Pickering

Port Mahon

Picke ring
Port Mahon

Kelly Island

Kent Island

Kelly Island Kelly Island

Bombay Hoc!k Is.

W<xxlland Beach W<x!dland Beach W<xxlland Beach

Collins Beach

Augustine Beach

At! alltic Coast'

X<>rec 1<caches are listed irom south t<> north.

Cedar Beach

Big Stone

Bennett's Pier

South Bowers

North Bowers

Kites Hummock

Sourh Bov>ers

North Bowers

Kitts Hurntnock

Pickering

Port Mahon � 3

Kelly Island

Big Stone

Bennett's Pier

South Bowers

North Bowers

Kitts Hummock

South Bowers

North Bowers

Kitts H~mmock

South Bc!<vers

North Bowers

Kitts Humm<>ck

Pickcring



TAftt.R 3

Ncw Jersey Beaches Surveyed, 1990-1995

1994 �5! 1995 �0!1993  9!1992 �1!1991  8!1990 �3 '

Sunset BeachSunset Beach
Higbees

North Cape May

Ca!!t Hall Creek

Villas

Norburys I ending

South CSI.

Highs Reach

Villas

N< irburys landing

Villas

Norburys Landing

S<!uth CSL

Norburys Landing

Sourh CSL South CSLSouth CSL

Highs Be.ach Highs Beach

Pierces Poii! t

Highs Beach

Pterccs Point

Highs BeachHighs Beach

Kirnb!csKimblesKimblesKirnbles

C<x>ks Cooks

Reeds �!

Cax!ks

Rccds�!

C<x!ks

Reeds �!

Moores Beach

Reeds �!

M<xires BeachM<x!rcs ReachM<x>res Beach

Il!<!<lips<'>ns

Fmt Point East Point1'.ast P<!int East Point East Point

Raybins

FortescueI <!rtcscuc

C!andys

F<>rtescue FortescucF< irtcscuc

 .<andys

Sea Brccze

Oat!dys

Sea Breeze Sca Breeze Sea Breeze

Ii' f<lun!l<cr <n pare<!<hc«cs fi<ll<us «!tt date <ndicarcs t<xal <!u<!!her <!f'beaches surveyed char year.
ftca<hc< arc listed fr<it» xiurh t«<!<!r!h.
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Census-Day Comparisons, 1990-1995

Full Moon
Date

Spawner s
Fstimate

Census
Dates

Ttme
A.M.

Tidal
Height

Tilts e
P.M.

Tidal
Height

%cather
Conditions

8 June 90 1,240,679

1,224,771

39'9,147

394,039

4.9 tt,

28 May 91

16 May 92

4 June 93

4.tt tt.

5.3 tt.

5.5 ft.

5.7 ft.24 May 94

9 Junc 94'

29 May 95'

12 June 95

104,000

342,884

91,864

112,912

4.9 tt.

4.8 tt.

5.3 tt.

 '.1<tudy, light crittd

 :letr, slight utnd, mild

t1 Ve<v <tto<><t'Additi«na! date

, 1993, Lr'rrrelrrs spawntng activit on Delaware Bay
shores, 16 May 1992. Fact Sheet ot'Delaware Estuary
Pr<>gram. Available from Pennsylvanta Envir<>nmental
Council, Philadelphia,

, 1994. Lirtrsltrr spawnittg activity o» Delaccarc Hay
ah<tres <nt June 5, 1993. kirtrarv Xett<r4�!:7, Ni'ccvs-
lettcr <tt Delaware Estuary Program, Available fr<>m
Pcttttsyivania Envir<tnrnental  :<ntncil, 1'hilade!phia.
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8 June 90

25 May 91

16 May 92

5 June 93

21 May 94

11 June 94'

27 May 95'

10 June 95

9:25

7:17

9;10

9;09

10:46

8:14

6:29

3.5 tt.

3.8 t't.

4.0 ft.

40 ft

4,3 tt,

3,8 ft,

3,8 tt.

4,0 t't.

9:40

740

9:29

'9;31

8:54

11:Oi

tt:31

7:03

  'tillt, n<> ccttld, tl<! fatti, 'tllll<lc'Icf, w.tl ttt

 :aln<, n<> cvi<td, n«rai<t, tltundcr. cvarnt

 :»Jd, <cond, low water tcntp., htgh»,tvcs

tVarnt, rainy, thutldcr, roust <<n t~E civic
 :lear, slight cccnd, c<t<tl

 :1<ntdv calm



GROUP DISCUSSIONS:

SU@>~!QUES OF FORUM OBJE<T~S

3, Identify research priorities.

Objecti» e 2

Obj ective I

Stock Assessme>st locates
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The afternoon session of the H<>n. h C b Fo��m
focused on the forum's four rnaj<>r <>bjectivcs:

I. Develop consensus on the status of thc horscsh<>c
crab in the Mid-Atlantic Bight.

2. Determine int'or<nation needs tc> better manage
the resource.

4. Build partnerships among resource agencies,
research institutions, industry, and envir<>nmcn-
tal groups,

Participants were divided int<> f'<>ur gr<>ups, and each
group was aSSigned a fOru<tE <>bjeCtive fi>r diseusSi<><E,
The summaries prepared from those discussi<>ns arc
presented below.

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

Carr>up lxuders; John Field, Atlantic States
Marine FiSheries C,OlTEIEE lssl<><E, a<Ed

R<>bert lamellar>d, Kutgers University

B<>th hshcry-depcndcnt an<j fishery-indcpcndcnt data
are scanty, no reliable and lengthy time series <>f'catch
and effort data exists.

'I'hc information in hand, h<>wever, shows s<>n>c
disturbing trends. Landings fr<>m Mai<EC n> Virginia
doubled from 1989 � 1993, fr<Em 1 nlilhon p<>unds t<>
2 nsillion pounds, with an asst<mcd increase i» cA<>rt
 a<Eccdota! reports, Scw Jersey permit data!. 1'<>pulati<>n
indices derived fronE Nati<>nal Marine Fisheries Service
 NMFS! trawl data vary with<>ut. trend from 1975 � 1983,
while post-1983 data have rE<>t been analyzed yet, B<>tt<>n
and Ropes' study showed similar populati<>n stability
pr>or to 1983. However, Delaware lbcpartn>c>Et <>f
cnatural Resources alld Erlvir<>Amer>tal C<>ntr<>l  DiVREC!
trawl studies and Limuli Laboratories beach surveys
inside Delaware Bay showed drastic ddec!ines >n catch

per unit effort  CPUE! of Iirr<sels<s fr<>m 1990-1994.

he f'<-males, E< hiChthe commeraa! f>sherv targets the
are larger,

Rec<>rrtrrtertddtt0rss

y Obtain and analyze post-1983 NMFS tra<vl data f' or
Li»>ulus abundance indices.

R. u.st States to begin impleme>>ting rnalEdat<>ry
h 1 bf'h

+ initiate tagging studies ofsufficient size r<> determine
coastwide survivorship.

Determine Information Needs to
Better Manage the Resource

Ciroup Leaders: george Le>Pointe, Atlantic States
Marine Fisheries Commission, and
l>lark B<>tto», Fordham University

As we determine how to better manage the horscshoc crab
population, the foBowEng perspectives need to be considered;

The need f<>r res<>urces  people, funds! to conduct
assessmcnt.

o Should management measures be voluntary
<>r mandatory>

The variability of regulatory programs in states needs
to bc addrcsscd:

V>'rgir>i<» Iz:wis Gil! ingham,  804! 247-2243

M«res>sd> Harley Speir, �10! 974-2241
Delaa>are: Rick Cole, �02! 739-4782
>Ve»> Jersey> Peter Himchak, �09! 748-2020
.'>auth Ccsroli»a> Paul Sandifcr,  803! 695-6350

+ R'g<>r of'data and plan:
� research/information needs for management

� quantitative stock assessment to determine

whether horseshoe crabs should be managed
m<>verncnt along coast

� tnclude biological reference points  fishing
mortality rate, def>nition of overf>shing!

+ Economic impacts <>f tnanagement decisions on:
� f>she ries

� bird -watchers

� lysate industry

' th«e effective economical alternatives to rhe horse-
shoe crab for eel and conch pot bait  artif>cia! bait!?



Identity deficiencies in datasets to improve data quality.

'0 Wllat ate tl92e best rlicatis of satilplttlg?
� beach census

� fishery-dcpcndcnt data

o Spdng and fall trawl data on horseshoe crabs  from
.>MFS! should be analyzed through 1995.

Objective 3
Identify Research Priorities

Group Leaders: Carl Shyster, Virginia Institute
of Marine Science, and

Joan W<tlsh, Ncw Jersey Audubon Society

Research Priorities

o How many h<>rseshoe crabs arc there?

+ How many adults can wc take?

0 Where are the horseshoe crabs spawning bay-wise,
and v'hat is the quality of'the beaches?

+ What is an optimum spawning habitat?

o What stage of their life cycle is most critical.'

How important arc horseshoe crabs to thc cc<>notny
and ecology <if the bay>

Three major research areas and the need f' or e<hication/
extension services were discussed, as described separately
below. Stock assessment was identihed as the ultimate
objective necessary to conduct a horseshoe crab resource
managetnent program. More detailed information is needed
on population dynamics and habitat, which als<i werc iden-
tified as important research areas. The central question may
be: Will a massive tagging program bc the single-most
effective step toward stock assessment and an understand-
trig of popillattorl dynanitcs?

Stock Assessment

From a resource management viewT>oint, the top prioriry
is st<>ck assessment, the stock under consideration being the
adult fraction of the total horseshoe crab population, For
this reason, as an aid in thc evaluation of stock assessments,
more tnust be known about p<>pulation dynamics. Since a
single research entity may not have sufficient resources to
mount a complete asscssmcnt, coordi»ation of stock assess-
ment programs may be essential. Indeed, a joint "intera-
gency" research effort may be the most feasible approach,
Related research areas discussed included:

+ What stock asscssmcnt approaches shouM be undertak-
en? Biological pararnctcr cstirriatcs> Surplus-production
and yieM pcr recruit? C»llcction and evaluation and
extensive dara on commerciaI landings, catch-per-unit
effort, biological sampling, trends in abundance, etc.>

+ What do we know ab<>ut maximum sustairiablc vield?

o What is thc minimum population ol'horsesh<>e crabs
required to sustain each of several uses/tieeds for thc
migratory shorebirds, for commercial harvests, for
production ot'lysate and other medical products,
and other uses?

0 Validation of the current spawning survey  "census"!
techniques,

e Can spawning areas be identitied from satellite
photographs>

+ Development of a synthetic bait substitute for eels,
v'helks, and catfish.

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

Popaelation Dynamics
Certain aspects of population dynaniics run parallel <vith

stock assessment. Some of the research areas that are needed
to better understand the Delaware Bay" horseshoe crab
population include the following:

+ A life history model and a k>ngevity table including
all instars.  Lovcland!

+ The most critical stage <>f the life cycle of horsesho '
crabs. It is ol>vious that large quantities <>t eggs are Mst,
but what percentage of the total laid? Is this crucial? Is
it possible that thc 6rst instar, the so-called "trihibite"
larva, is the most. critical stage; is it most vuhicrablc
because it is exposed on the intertidal flats at low tide
to niigratory shorcbirds and/or to small fish in the
shall<>w ivater?

+ 'I'he spawning niagnitude per female pcr year. Are one
or tvvo clutches of eggs niatured and spawned each year?

e Development <>f visual <>r <>ther criteria ot the age <it
adult horseshoe crabs. Will thc age <>f adults hetter
define the overall "health" nf'thc spaivning popula
tion? Can the percentage <>f the adult agc classes
being harvested be assessed by aging tcchniqires?

+ Tagging is a t<><il for ascertaining longevity, abun-
dance, and distribution nf individuals What perccnt-
agc of the presumed/estimated population must bc
tagged to obtain meaningful results? What percentage
<if the "Delaivare Bay" population of horscsh<ie crabs
spavin in the coastal ernbaymcnts <>f Ne« lcrscy and
thc Delmarva Peninsula?

Research <>n populati<>n identihcati<>tu Can biochemi-
cal definitionof populati<>ns be a trsctul i<>ol in dcfit>inp,
populations.' Can bi<>clicniical "fi»gerprinring" be use-
ful in ascerraining abund.uicc and distribution.'  Piercc !

Habitat "Needs" vs. Losr rrf.hpattininsI Habitat
Discussion ot liabitat centcrcd <>n be,ich replcnishmctit

pr<>grams and ivhat could <>r shoukl be doric regarding
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Education

Obj eC mitre 4

Other Considerations
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h<>rsesh<>c crabs, »specially in rclati<>n to spass ning habi-
ta<. Ancillarv qucsti<>ns that sh<>uld h» answered included
the toll<>ss ing;

I'.I'fects <>f management plans?
Beach replenishment plans and quality of beaches
 for spawning!>
How do horsesh<>e crabs "usc" beaches � selectivity,
distribution of nests, etc. >

Research results need to be transmitted to the gcncral
public. Potential venues include thc following:

+ Workshops for fishermen and the general public
+ Participati<>n in horsesh<>e crab events/fairs, such as

the Wildw<x>d  :rest H<!rscsh<x: Crab Festival held
the last weckcnd in May in L<>wer Township, Cape
May  :<>unty, Ncw Jersey

0 I..cot<!urism

Build Partnerships Among
Resource Agencies, Research Institutions,

Industry, and Environmental Groups
 >'r<>up /wa<krs; Knre» Day, U,S, Fish and

Wildl>f'e Service, and Joseph Farrell,
Liniversity <!f Delaware Sea Grant

Marine Advisorv Service

With a trend t<>!vard belt-tightening in resource agency
budgets, part<!erships are seei! as an inlportant way of shar-
i»g <alcnt and financial resources.

Part»»rships .>rC a nleth<XI Of reSOIVing reSOuree iSSueS.
'I'he fear<>up einphasizcd the inlportancc of capitahzing on
cxisti»g part»erships that arc involved in diAercnt aspects
<>I' thc h<!rsesh<>» crab resource.

1 he ll»fa!sar» l..stuary Program s  .omprehcns<ve
C<>nservati<»! a»d Managcnlcnt I'Ian a»d the Jqcw Jersey
1!»part»!cnt of' I'.»vir<»!mental Protection's Sh<>rehird
Ma<lag»»!»nt Pl,ul ale cxa>llplcs Of existing multi-party
partnerships that can be built on.

Functional partnerships, huilr around identified needs,
include the following:

+ outreach/education

+ data collection/sharing

o research/<nonitoring

+ regulation/consistency

+ resource use/management

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

+ a new Delaware Bay foundation, a possible m»cha-
nism for funding outreach work groups  such as
participants from this forum!

+ LAL labs

+ f!shermen

+ pharmaceutical industry

+ mcd!cal comtnunity

o environ<nental groups

0 volunteers

+ media

+ Internet

F.xanlples of'questions that could be addressed with
partnerships include the following;

1. What is th» critical level of horsesh<>e crabs necessary
to sustahl the shoreb!rd population>

2. How much beach do spawners need>

3, Hov' do wc get hshermcn involved in conserving
the resource>

We need to inventory what wc already have in such
things as outreach education and source material. Wc
need to determine funding rnechanisrns for partncrships
and criteria for gcrting funding. And most important,
we need to keep in mind opportunities for integration/
networking/co<nmunication.



EpILOGUE

M
uch has happeiied since this forum, New reporting requirements, data

analysis, and new and continuing research projects arc contributing
information to help us manage the horseshoe crab resource v>isejy in

the future. The foHowing is a roundup of horseshoe crab-related activities in the
Mid-Atlantic area that have taken place since the lorum.

Research

Patrick Gaffney  University of Delaware College of Marine Studies! provided
a summary of results from a pilot research project undertaken in his lah in the
summer of' 1996. His group examined mitochondrial DNA of Atlantic c<>ast
horseshoe crabs from New Hampshire to Georgia using high-resolution denatur-
ing electrophorcsis, 'l he data suggest that the New Hampshire horsesh<>e crab
population is geneticaHy distinct tro<n the rest, a»d there is a chance that the
Delaware Bay population also <nay be, Morc samples from aH sites are necessary
to confirm initial impressions, but it appears that Cape Cod acts as a barrier to
gene flow in I i»«<lan This could have imp<>rtant raniifications as resource man-
agcincnt decisions are made,

Vancy Targctt  University of Delaware CoHege of Marine Studies! and Joc
Farrell  University of Delaware Sca Crant Marine Advisory Service! received fund-
ing support from Delaware Sea Grant for their proposal, Mimicking Horseshoe
Crab Eggs; In Search of an Artificial Bait." The goal ol this project hrst is ro iden-
tify the attractant in the horseshoe crab and then to devise a method to artificially
duplicate it. Once the bait «orks successfufly 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 Prograin, Delaware Department of Natural
Res<>urces and Environmental Control! is c<><>rdinating a coflaborativc effort t<>
"Evaluate thc Ecological Bcnchts of Delaware Bay Cornmuiiity Beach Replenish-
ment Projects," Quantitative data are being coHected to test the hypothesis that
Delaware Bay beach replenishment projects in the bay reach  extending from
Vcfly Island to Beach Plum Island! are beneficial for horseshoe crab spawning as
iveH as for shorebirds by increasing their staging areas.

In a 1990-91 survev, Mark Bott<>n and Bob Iz>vela»d surveyed beaches on
thc New Jersey side <>f Delaware Bay  " Site Selection by Migratory Shorebirds in
Delaware Bay and Its Relati<mship to Beach Characteristics," A«k 1 1 l: 605- 616 l.
With funding supp<irt fro<n ilie Nesv Jersey Department of F nvironmental Pro-
tection, the New Jersey Audubon Society, and thc Nature Conservancy, Drs. Boiton
and Loveland resurveyed these beaches in 1996 using thc same sampling appr<>ach
as in their 1990-91 survev.

During the suminer of 1996, Carl Shuster pursued leads on the early "king
crab fishery and cancerine industry" as thc horseshoe crab fertilizer business ii as
once known, Thc ensuing manuscript is a historical resiciv of soine of the key
players in the king crab hshery and fertilizer industry of Dclaivare Bay and the
sites of operation.



Me>r apemesr r
Several states pr«mulgated ncw regulations related to horsesh<>e crab harvest.

Ncw Jersey closed Delaware Bay waterfront beaches during the horsesh<>e crab
spawning period t<> maximize horseshoe crab eggs as a food source for migrating
shorehirds, and in September 1997 adopted new regulations that established eligi-
bility criteria f<>r fishernien, eli<ninated the trawl fishery and dredge by-catcli, and
modif>cd the liarvest season,

In Delaware, thc Department of Natural Resources and Environmental  ;ontrol
 DNRF,C! has prop«sed regulations for thc 1998 season  going through the public
hearing pr<>cess n<>w! that def>ne the criteria for eligibility for a horsesh<x crab
commercial c«llecting permit; control the time and areas where horseshoe crabs
<nay be harvested; limit the number of horseshoe crabs that may be dredged in onc
day; dchnc the equipinent that <nay be used to store and/or transport h<>rseshoc
crabs; a>id require m<»ithly reporting «1 the harvest of horseshoe crabs.

Stewart Michcls  DNREC, Divisi<>n «f Fish and Wildlife'! is looking at the post-
l983 Nati<»ial Marine Fisheries Service trawl survey and New Jersey/Delaware
spawning survey data t«sec h<>w well the indices are tracking each other, Stev also
rep<>rts that Delaware's l!ivision of Fish and Wildhfc is c«ntinuing to collect data
«n h<>rseshoc crabs as part of their annual adult and juvenile trawl surveys.

Whil» Virginia established licensing requireinents for harvesting horseshoe
crabs hy hand in 1996, Maryland initiated new reporting requirements in
January 1996 and is c«nsidering thc adoption of crnergency regulations before
the 1998 seas<xi, Tom O'Conncll, Maryland Department of Natural Resources,
als«r»p«rted that horseshoe crab tagging studies were conducted in Maryland's
c«astal bays and in thc Chesapeake Ray, Thc Maryland Department of Natural
Res<>urccs' Fisheries Service als<> recently published a very informative Horse-
sh<>e  :rab Ncwslctter." Contact To<n for a copy.

Fd rsca tiow

O<i the education front, the University of Delaware Sea  ' rant College Program
c<x>rdi<iatcd a special horsesh<x: crab exhibit in conjunction with  A>ast Day 1996,
 ~>llab«rat«rs on thc interactive multi-station exhibit included Ri«Whittaker, Inc.,
and th» I!elaware Department ol Natural Resources and Fnv~r<>nmental Controps
Divisi<>n ot Fish and Wildlife Aquatic Resources Education Center and the Non-
Ciamc a>id I'.ndangered Sp»cies Program. Approxi<nately 11,000 visitors attended
 :«ast 1!ay, and judging l'rom the large crowds in the horseshoe crab exhibit all day,
m«si <>l then> passed through thc h«rresh<>e crab exhibit area.

 :oI clad sion

Thc University ot 1!elaware Sea Cram College Progra<n is comn»tted t«a collab-
«rative appr«ach in identifying and addressing i<nportant marine resource manage-
ment issues. We welc<»me future opporninities to sponsor additional forunis that will
fiirthcr clarify research <>r rnanageincnt questions related to horseshoe crabs.

Joseph Cr. Fa> rejl
University of Delaware Sea Grant College Program

Coordinator, Horseshoe Crab Forum
�02! 645-4250
jfarre8<wudekedu



APPENDIX A:

ANNOTATED BISI.IOGRAPHY

OF HORSESHOE CRAB INFORMATION
Cosnpi led by Curl N. Shuster, Jr.

Sources of Information on the
Historical Abundance of Horseshoe Crabs

in the Delaware Bay Area

U.S. Consnsission of Fish and Fisheries
 and sstecessor agencies!t

Rathbun, R. 1884. The Xiphosura, The horscsh<>e crab,
Li melrat polyphemes Latreille. In The fisheries and fishery
i>sdnstries of the United .<itates, ed, G. R. Goode,
Section I, Vol, 1, 829-30. Washington, DC: U.S.
Commission of Fish and Fisheries.

"During th» winter they [h<irsesh<>e crabs! are often
taken out in Delaware Ray by the oyster dredgcrs. They
are very much less abundant now than formerly, on
account of s<> many having been caught front year to year
for usc as fertilizer. It would appear as though a few years
more of indiscriminate capture would result in their being
entirely exterminated frotn the region. The men catch
them mainly in their hands, as they come upon thc
beaches, but they are als<> captured in pounds and weirs."

Rathbun, R, 1887. The commercial importance <>f the
horseshoe crab. In The fisheries and fishery ir>destries of
the United States, cd. G. R. G<x>de, Secti<!ii V, Vol. 2,
652-57. Washington, DC: U.S. Commission of Fish
and Fisheries.

Rathbun reported ever-decreasing numbers of'horse-
shoe crabs: "Horseshoe crabs are becoming constantly
less abundant iii Dclawarc Ray, owing t<> the practice of'
capturing, so far as possible, every individual that comes
upon the shore,"

Smith, H. M. 1891. Notes on the king-crab fishery of'
Delaware Ray, Bell. U,S. Fish. Comm. 9�9!:363 � 70.

Of alf the fisheries for horsesh<>e crabs along the Atlantic
coast, ortly in Dclasvarc Ray was harvesting "a well-defined
industry." The extent of the fishing season varied from two
ro three months  May through July!; thc fishing center~
were froni Town Rank to Hcislervdllc [probably Thomp-
sons Reach j, with about seven-eighths <>t thc catch being,
made between the area off Dctinissiffc and I'ishing Creek.
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 horseshoe crabs, tespcctively.
While c<insiderable numbers svcrc caught by hand o» the
spav-ning beaches, thc use of pound nets was bec<iniing
more extensive each year.

Stnith cited Rathbun's �880! warning about the
decrease in horseshoe crab abundance and n<ited that the
yield in 1880 �.3 million horseshoe crabs! «as niorc
than double that in each of thc years 1887-1890. The
horseshoe crab fertilizer factory in New Jersey, at West
Creek, handled about 1.3 million horscshoc crabs
 almost the entire catch of the state ! each year in 1887
and 1888 and produced an average of 800 tons of'h<>rsc-
shoe crab fertilizer in each of those years. Then, Smith
speculated, "It seems probable that before long the deci-
mation srilf become so pronounced that the pr<>fitable
prosecuti<>n of the fishery svil! bc impossible; then it is
hoped that the cmpl<>ymcnt <>f the destructive forms of
apparatus [pound nets J will be discontinued and the
crabs given an opportunity to multiply unrestrictedly for
a few years at feast." He also observed that the diminu-
tion ot thc abundance of the crabs s< as chiefly due to the
capture of thc crabs during the spawning seas<>n, usually
before they reached the beaches to spawn.

Shustcr, C. N., Jr, and M. L. Botton, 1985. A contribution
to the population biokigy of horseshoe crabs, 1imrsies
polyphemes  L!, in Delaware Bay. Esti<ories 8:363 � 72,

Summarized fisheries statistics of thc United States,
1870s t.hrough ]980s. Th» Delaware Ray fishery, mainly
for fertilizer and livestock f<x>d, shov ed a gradual de-
cline over the years from an average of 4,300,000 horse-
shoe crabs harvested each year in the 1870s to 42,0 �
in thc 1960s, foffosvcd by n<> reportablc harvests iti the
1970s and 1980s. I'.'stirnated 222,000 males and 51,00�
females at the peak of the 1977 spaivning seas<in.

National Oceanic and Atntospheric Adnti nistration,
National Marine Fisheries <>eroiee  NMFS!t

Rotton, Mark I ., and John W. R<ipes. 1987. Populations of
horsesh<ie crabs, Iimele.< polyphrmi<.r, on the northucsicrn
Atlantic continental shelf Fish. Bell. 8S�f:805-12.

'I'he highest abundance of horseshoe crabs, collected
by bottom trasvl and ocean clam surveys, 1973 through
1983, from 9 m and deeper, >vas froni Virginia to Nciv
Jcrses'. Thus, large numbers of h<>rscshoe crabs arc in the
proximity of thc principal spa<vning area, Delaivare 13ay,
and nearby coastal embayments. Approximatcll 90% <it'
th» minimum estimated statiding stock in that area,
2 3 � 4.5 milli<iii individtials, <vere located at depths less
than 30 m. pe>ver horsesh<>e cralis svere taken on the
shelf during those n>onths <vhcn spa<vning <recurred in
the estuaries.



Rotton, <clark 1, and John VV. ~ <>p»s, 1987. Thc h<>rse-
shoe crab, Li>>>ttlr<s 1>olyphcr>at,s f .I, d, ~ ii>ishcrv ai'id rcsoui'c'c 11>
the United States. afar F sh. lge>, 49I3J.57

Fishing-related mortality in th U; cd S s was esti-
mated minimally at 350 00< hc>rseshoe crabs per year,
mostly in the Midd!c Atlantic and s<>uthern Ncw England
states B~t op ranons at the aniL- apparently k IIed 10 to
20 times the numbe~ of animals killed whet> bled t» <obtain
medical niatcrials. Ace<>rdirig, t<> the NMFS surveys, thc
mid-Atlantic continenta1 shel f p<ipt>Iati<>n <> f h< >rscshoc
crabs remained relatively c<stistarst fr<>m 1964 thr<>ugh
1977 at 2.3-4.1 million,

Virginia lnstitsste of Mua-iree <scierscc  VlpfS!r
Shuster, 4. N�Jr. 1982, A piet<iriaI review of'the narural

history and ecology of the h<irsesh<>e crab Li»»tlt<s poly-
phc»>tts, with reference to <ither Limulidac. In l%yriology
a»<i biology ofhorsesboe crabs, ebs. J. B<>naventura, C, B<>na-
ventura, and S. Tesh, 1 � 52. Islew Y<>rk: Alan R. I.iss, Inc.

Page 26: Paul A, Haeftier, jr.  VIMS, personal comntu-
nication, 1979!, reported me>re feniaI«s than n>ales �3 F:
0 M! at depths of 17 � 39 rti oii the c<>ntinental shelf ofT
Virginia in early June 1973, ar>d 96 F: 17 M in mid-
November 1974 at depths cif 23 � 45 m.

Shuster, C. N., Jr. 1985. Intrciduct<iry remarks <>n the dis-
tributi<>n and abundance c>f the American h<>rsesh<>c
crab, Lit>tttl«s polyphe>les, spawning in the Chesapeake
Bay area. In D>r Chesapeake Bay prolo>yt<r to the ft<rt<rc,
34 � 38. Proceedings of the Chesapeake Bay Symp<>sium,
National Marine Educat<irs C<>nference,

Delaware Bay and Chesapeake 11ay p<>pulatioiis»f
horseshoe crabs may overlap alu>ig rhe Delmarva coast,

Delay<>are Departnsent of Natural Resossrccs and
Enr>ironnsental Control, L7ia>isi rsss of Fish anti Wildlifct
1990 � present, unpublisltedt hshery res<nircc data <obtained

within Delaware Bay by a 30-ft. <>tter trawl.
Includes abundance arid sex-ratio data <>f'adult tu>rse-

shoe crabs for 10 months at 9 fi><ed stati<>ns each year in

d - h d,- d and the sex ratio has shifted fr<>m adance has decrease an
I-to- I ratio toward a decrease in fe<na cs:

+ Abundance in orma tAb 0 ' f rmatir>n �76 t<>ws fr<>n> 1990

al catch rates ranged front 18.6collected! � annua ca cd 1 h .. h hs per r>auricaI mile in 1990adult horseshoe cra s
to 2.4 in 1994.

,e~s 1990 through 1994,+ Sex ratios lor the years
cx ressed as a er«ti g~'
1991 �7,9M, 52 1I !; I
�1 7M, 38.3F!,. 1994  bl,6M, 4F!.

t <~ ~rssri rossnsental Protectiort
~ Je y I " srse Fis&eriest

ass<>J Energy, Bssreass of ~~
d Fishery resource data

1989-present, unpub is J .rsev <'>fTsh<>rc watersl.
 otrcr trasvl data fr<>ni N

nalysis ot' thc data   1989 throughA preliminary a»1994! by Drs Ro c F. Ia>velar>d aitd Mark I,. B
1995 ii>dicatcd a steady decl<<le ii> the off-on 16 June 199- inrab populat.ion. Among the ai>alysesshorc horses<>oc craing average on the dara for - t.lt p

used was a runtungff, b numbers of "rscsh<>c cl"abs, f<!r all rowsunit effort by num cTh I d d that the New Jersey trawl data ap �,dThey conc u ch ' me trend as the Delaware Bav sh<>relito show the same try and h» c a rare Dspawning survey anF' h d W'ldlifc trasvi data within rhc bas «ndFish an i ic
sistent wit t e ith the impression that thc spawning population
wit int e ay' h' h bay has been declining in thc past fess years

~r Delarr>are Bay Fisheries?nforsnationt
H W 1908, The king crab fishcrics in Delaware

Bay 113-119+ pls 59-65 1907A nualrcportofthe
New Jersey State Museum Trenton.

Cites Profess<>r Ceorge H. Amk  Ccol. Cape May Co.,
1857 � King crabs, or Horse-feet: pp. 105 � 112! as the
hrst important account of the horseshoe crab in the waters
of the bay shore of Cape Mav C<>unty: "The whole strand
for many miles would be covered svith them, sometimes
2 <>r 3 deep. A resident of Tosvn Bank reported that on his
shore of 100 rods he could get 100,000 in a week. Of
ab<>ut half'a mile of thc strand 750,000 were takeit in
1855, and 1,200,000... on about a mile in 1856."

Shuster, C. N., Jr. 1960. Horseshoe "crabs" � In former
years, during t.h» month of May, these animals dominated
Delaware Ray shores, Est>sari»e Ball.  University of
De!aware! 5�!:1-9.

By 1953, thc 78-year-old San>uel Compton of Dias
Creek, onc of' th» last of the old-timers in the horseshoe
crab fishery, tended a pound ner in a horse-drawn cart
 f'rom The Sunday Bulletin, Philadelphia, 21 June 1953!.

Annssal Volssnteer Sssr pey of Horseshoe Crabs
Spal>ni ng on the Delart>arc Bay Shoves:
Finn, J., C. N. Shuster, Jr,, and R. I.. Ssvan. 1991. Li»><<i«t

spawning acrisdty on Dclawarc Bay Shore~, 1990. Private
printing  Finn-Tech Industries!, brochure.  Reprinted in
The Societv of Natural History of Delaware, 1991:6 !

Swan, B. I,, W. R. Hall, Jr., and C N. Shuster, Jr. 1992.
Li»t><ltts spawning activity on Delaware Bay shores 25 May
1991. Fact Sheet of Delaware Estuiuy Program. Available
from Pennsylvania Fnriron>nentaf Council, Philadelphia-

w~, B. L�W, R. Hail, Jr., and C. N. Shustcr, Jr. 1993.
Li>>t>tlt<s spawning activity on Delaware Bay shores, 16 Mav
1992. Fact Sheet of Delaware Fstuary Program. Available
~om Pennsylvania Environmental Cou»cil, Philadelphia.

Swan, B. L., W. R. Hall, Jr., and C. N. Shuster, Jr. 1994.
Lt~" l>'r spawning activity on Delaware Bay shores on

3 ~>«<ry Nerpr 4�!:7. Newsletter <>f
wa«»tuary Program, Available from Pennsvlvania

Environmental Council, philadelphia.
UnPublishcd 1994 data

Annual horseshoe crab spasvriir}g sllrvey data indicate
a general decline in abundance of spawners over the

46



ve>! s   I'>axed <ul arl alai><lal one-dav stir< « ' !I the nun
hers ot horscsh<>c crabs spaw njrlg oil thc st>ores ofncta-
warc B.lv checked, ii> 1993 arid 1994 against weekly
data at a fcw major spawning areas! Th�se data a ..��
sidercd to bc only very rough indicators of the peak
spa<vriing activity during these years.

+ 8 Junc 1990 �,241,000i 2.19 rnalesyfernale!
+ 25 May 1991 I 1,225,000; 2,64 n>alcsyfemate!
+ 16 May 1992 �99,000; 3,13 males/'fimatc!
+ 5 Jiine 1993 �94,039; 2.49 nqalesgfemalc!
+ 21 Mav 1994 �04,000; 2 46 ntalcs/fern I !
+ 11 June 1994 �35,000; 3,74 nralcs/female !

Maryland Department of Natural Resources,
Tidal Fisheries Division;

A new fisheries pr<>gram in Chesapeake Bav arrd the c<!astal
bays. The Maryland program has two major components;

1. Studies on the Horseshoe Crab Population and
Its Habitats:

I Survey of'horseshoe crab spawning population,
including delineation of spawning habitat.

o Shorebird activity associated with h<>rseshoe crab
spawning.

t Installation of a horseshoe crab "hotline" to alert
staff of' the location <>f spawning horseshoe crabs, ctc.

+ Initiation of a tagging program in 1995  ab<>ut
1,600 tagged so far!.

+ Collection of morphometric and "age" data, bv sex.

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

+ Initiation of a study, in 1996, t<> determine it'
Maryland's horseshoe crab spawning survey
meth<>d<>1<>g, could be used to develop a statisti-
cagv valid index ot abundance.

2. Resource Management:
«i recognition of dre importance of horseshoe crabs,

Maryland and Virginia, in 1994, adopted a joi~t manage-
»ent plan on horseshoe crabs that included the following:

+ Development of a mandatory reporting procedure
for MD horseshoe crab harvesters.

+ Beginning in 1996 prohibition by Maryland ' " the
use of att benthic collection gear and hand-harvest
within Chesapeake Bay, the coastal bays, and «ithin
I. mile ofI'the Atlantic c<>ast shoreline, from 1 APril
through 30 June, except on r<vlondays and Thursdays'

+ In 1996 a su~ ey of eel harvesters to ascertain the
scope of the use of horseshoe crabs for b»t.

+ In 1996, initiation of'a study «> chara
offshore horseshoe crab fishery in»»ry

Sources pf Jnfor rzaRtton on the Natural
History/pco!ogy wf Horseshoe Crabs

Abundance sand Distri &as<so

Bal'>tlst, J. p� !. R. <>mith> a>ad J. W, R<>pes. 1957. Migra-
tions <>f'the h<>rscsh<ie eraf>, 1-»>r»r<spolypbr»rr<s, in
Plum Island Sound Massachusetts. U.S, Dept, <>f tire
Interior, Fish and Wildlife >crvrce Special Fishcrics
Report, Frslsrrirs 220: I � I I-

Fr<>m 1952 through 1954, 1,780 ln>rseshoe crabs
<vere tagged and released i» «near Plum Island Sound.
Recovery of'the tagged he >rscsh<ie crabs revealed that
  I ! individual horseshoe crabs pr<>bably spent a relativcll
short time in the sound each year during thc spawning
migration; �! alth<>ugh recoveries ot'individual horse-
shoe crabs indicated a fairly rapid seaward migration
thr<>ugln>ut the sunarner, the offshore migration «as
most evident during Septerrrber; �! tagged horseshoe
crabs were recaptured at distances up to 7 nautical miles
from point of rel<.ase; �! tagged horseshoe crabs were
recovered four years after tagging; �! there «as a fairly
discrete population of h< >rseshoe crabs in Ipswich Bay;
and  *! population estirx>ates, based <>n tag returns,
ranged from 151,000 � June 1954! to about
1,000,000  summer of 1855!.

B<>tton, M. L., and J. lV. Ropes, 1987. Population~ of
horseshoe crabs, Limsclsas polvpher>rus, on the northwest-
ern Atlantic continental shelf. Fish. Rr<ll. 85�!:805-12.

Ninety percent of the hDrseshoe crabs obtained dur-
ing the Northeast Fisheries C:enter  NMFS/NOAA!,
by bottom trawl and oeea.r> clam surveys from southern
New England to N<srth C arolina, was between Ne<v
Jersey and Virginia  where the estimated rnirtimun>
standing st<>ck was 2.3 � 4. 5 n>illion individuals!.

Milne, L. J., and M. J. Milrre. 1947. Horseshoe crab � is
its luck running out, Fn uncs 9,66 � 72  loot<>gicat
Society, Philadelphia !,

Rcp<>rted that a Cape- M.ay beach rietding only 15 !,000
annually was the same area vvhere 5>00,000 horseslu>e crabs
were harvested only a decade bcf<irc.

Botton, M. L., and j. W. R<ipes. 1987. Thc liorscsh<>c crab
1i>N>sl><spolyphe>r>r<s, fishery and rcs<iurce in the I'nited
States, Mar. Fisl>, Rev. 48�!:57 � 61.

Based on the National A4asine Fishcrics Service ground-
frsh surveys, the horsesh<>e crab population ort the mid
Adantic continental shelf' rerrtained relatively constant
between 1975 and 1983, at 2.3 ro 4.1 nailli<in individuals.

Shustcr, C, Y., Jr,,and M. L. ><>tton, 1985. A cotltrlbutlon
ni the population biol<>gy Df hc>rscsh<>e crabs, 1i»rrrlr<s
polypl>e»irss  I .!, in Delaware Bat. Fsr r<rrrirs 8:363-72.

1 he 1977 Peak p<>pulaticsr> c>f spavvning horscst>oe rabs
>vas estimated t<> b» ab<>tt t 222 ppp nrales arid 51,000
f'emalcs. This esnmi>tl<>ft <A.as based upon a shoreline survcv
ot spawning intensity, cDrrDborated by a quantihcati<>n of
cgg nests in a beach.
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 ' N. Jr. 1950. Observations on the natural history
of the An>erican horseshoe crab, Limn us po ~r

 >cean<igraphic Institurion.
'I hc Barnstable Harbor   '.ape Cod, Massachusetts!

population of horseshoe crabs was estimated to be
between 50,000 and 100,000  based on the results
of a tagging study!.

See also thc f<>I!owing list on tagging studies.

Papyri ssp Sgsuh'est
Shustcr, C. N., Jr, 1950. Observations on the natural history

ot'the American horsesh<ie crab, Li>nulus polyphe>nus.
C<>ntribution No, 564; 18-23, Woods Hole, MA:
Woods Hole Oceanographic Institution.

First tagging study � on the Cape Cod Bay popula-
ri<n> � demonstrated that plastic tags remained on the
h<>rscsh<>e cralss f<>r at least two years; one individual,
a female, was recaptured 21 miles from point of taggin+
release, 56 days later; the shortest-time, longest migration
<>f a female was 12,0 miles in 32 days,

Baptist, J, P�O. R. Smith, and J, W. Ropes. 1957. Migra-
ti<ins of' the h<>rseshoc crab, Lr'>nulus polyphe>nus, in
Plum I~land Sound, Massachusetts. U. S. Dept, of'the
Interior, Fish and Wildlife Service, Special Fisheries
Rep<irt. Fisher<'es 220: 1-11.

Tagged horsesh<>e crabs moved for at least 15 miles
fr<m> release points in Plum Island Sound,

Rudl<>e, A, 1981, The effect ot'heavy bleeding on mortality
<>t the h<irscsh<>e crab, Linrulus polyphentus, in the natural
envir<>nment. I. ln»ert. Path. 42:167 � 76.

'I;rgs werc <ised t<> identify the study population and
it» stirvival,

Shustcr,  :. N., Jr. 199 k Tracking horseshoe crabs. Under-
>eater Xaturalist, Bull A>ner. Littoral Sot. 19: 22-23.

llcscrihes tagging pr<igram instituted by thc late
James Finn, president <>f Finn-Tech, The tagging
pr<>gran> has been continued by Benjie I.ynn Swan
<>t Iimuh I ah<>ratories wh<> provided the fbgowing
unpublrshcd til» data;

+ 6,200 adult horseshoe crabs were tagged on the
shores <>t' Delaware Bay  Delaware 3,300; New
Jersey-2,900! horn 1990 to 1995, mainly in May
and June although some were tagged earlier and
later in th«year. Of these, 49 live ones �0 females,
29 males! have been recaptured  '16 of those tagged
<>n Ve<v Jersey sh<>rcs [16 males, 10 females]; 33
«rt Delaware sh<ires [22 males, 11 females]!,

+ 28 were recaptured rn Jess than one month after
tagging  range 0 t<> 22 days; average 7 days! from the
same site <>r area near stte of release � New Jersey =
2 males,3 females; 23 Delav are - 17 males 6 fc-

V
7

tagged ott 5 June 1995 at East Point, New Jeep,

and recovered, als<i in June, at Martha's Vineyard,
Massachusetts, have not beei> 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 f>vc months; 6 of
these. were retaken at or near site <>f release but 4
were taken outside <>f Delaware Bay � near Ocean
City, Maryland - 1 fetnale tagged on 9 June 1990
at Cape Henlopen, Delaware, and recovered on
10 August 1990; and I male and I fcmalc tagged on
10 June 1993 at Pickering Beach and recovered on
4 September 1993 south of'Ocean City, Maryland;
and I female tagged <>n 16 May 1992 ar Highs
Beach, New Jersey, was retaken on 27 October 1992
at Hereford Inlet, New Jcrscy!,

+ 4 were recaptured in 7 to 11 months, 2 near point
of release  I fernale tagged at Highs Beach, New
Jersey, was retaken at Reed» Beach, New Jcrscy;
I fernale was tagged and recovered at Pickering
Beach, Delaware; 1 female had migrated from
East Point, New Jersey, t<> <>ff Ocean City, Maryland,
and the other, a male tagged at Big Stone Beach,
Delaware, was recovered across the bav at Villas,
New Jersey!.

+ 4 were recaptured from one to three years  average
of two years! after release. Three were taken near
p<>int <>I release  I male and 1 fentalc were tagged
and recovered at Highs Beach, New Jersey; I male
was tagged and recovered at Picketing Beach, Dela-
ware!, and I [a male] released at Pickering Beach
was retaken at Reeds Beach, New Jersey.

Comments

Distances traveled and tirnc of travel are not revealed by
tagging in most cases; all that are usually certain are the dates
and places of tagging and the dates and places of'recovery.
Ncvcrtheless, I fernale released at East Point, Ncw Jersey, was
recovered off Ocean City, Maryland, within seven months
 from 10 June 1994 tagbnng 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.

l0 recaptures had or>erwintered":
+ I recaptured during the first winter � a fernale

horseshoe crab released at East Point, New Jersey,
on 10 June 1994 was caught ofT Ocean City,
Maryland, on 4 January 1995.

6 had or>erwintered one full winter:
+ 1 female tagged on 8 June 1990 at Port Mahon,

Delaware, and recovered on 5 May 1991 at Bowers
Beach, Delaware,
I male tagged on 9 June 1991 at Highs Beach,
New Jersey, and recovered on 26 July 1992 at
Highs Beach, New Jersey.



+ I fernale raggc<l <in 23 October 1991 at Highs
Reach, Nesv Jersey, recovered on 5 May 1992 at
13eeds Reach, Nev< Jersev.

I female tagged <>n 10 June 1994 at East Point,
New Jerscv, recovered on 4 January 1995 ot'f
Ocean City, Marvland.

I rnalc tagged on 25 June 1994 at Big Stone Beach,
Delaware, rccovcred on 11 May 1995 at Villas,
New Jcrscy.

1  eniale tagged <>n 25 June 1994 at Pickering
Beach, Delaware, rec<>vered on 21 May 1995
at Pickcring Beach.

2 nver nva >vinters:

+ 2 males; both tagged 10 June 1993 at Pickcring
Beach, Delaware, with one recovery rin 11 May
1995 at Reeds Beach, Vew Jersey, the other <>n
10 June 1995 on Pickcring Beach.

l female for three <rioters<

o tagged 16 May 1992 at Highs Beach, Vevv Jersey;
rec<>vered 8 April 1995 at Highs Beach,

&olopieul Cosssiskrutirses> &peeiully the Food Webr
Botton, M. L. 1984. Diet and food preferences of the adult

horseshoe crab Iimrdr<s polyphemls in Delaware Bay,
New Jersey, USA. Afar. Sei. 81:199 � 207.

This study found that adult horseshoe crabs in the
Delaware Bay area fed on a ssdde variety of benthic inver-
tebrates  plant material and some 41 groups of smaB ani-
rnafs!. A c<>mparison of thc gut content s<ith cstirnatcs of
available prey showed that the most abundant clam,
t<emma gemma, was avoided in preference to the thrnncr-
shelled but c<>rnparativefy scarcer clam, Afreli ><ia lareralis.
When present, the soft-shelled clam, Mya are»aria, was
taken equally as same-sized Afseli>ria.

Botton, M. L. 1984. The inrportance of predation by
horseshoe crabs, Ii»<sdres polyphemus, to an intertidal
sand flat c<>mmunity. J. Afar, Res. 42:139-61.

Thc impact <>f predation on intertidal fIats near spawn-
ing beaches was investigated using cages. In 1978 and
1979, protected sedimcnrs contained signif>cantly more
biomass and species than the unpn>tected sediments.

Botton, M. L., and H. H, Haskin. 1984, Distribution and
feeding of' the horseshoe crab, I~msal<<s pr>lyphemas, on the
c<>ntinental shelf off Niew Jersey. Fish. Bull. 82�!:383-89.

Horseshoe crabs were obtained during hydraulic drcdgc
surveys of'surf clam resources v<dthin 3 nautical nriles of the
coast of New Jersey. Various benthic <irganisrns were con-
surned, primarily bivahes, arthr<>p<x/s, and polychaetcs,
Surf clams, from less than 1 mm to about 35 mm in
length, were important in thc dier <>f horseshoe crabs.

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

Over 60'Ar of'herring-gull a»d great black-backed-gull
attacks on <iverturned adult horseshoe crabs <vere on thc
unprotected book gills. Thc horsesh<ie crabs usually
responded by tlexing their b<>dies and thrusting their
telsons upward. Once the horseshoe crabs were weak-
ened, thc gulls removed the legs to get ar the "liver"
and in females, the eggs.

Botton, M. I, a»d J. W. R<ipes. 1989. Feeding ecology <if
horscsh<>e crabs on the continental shelf; New Jersev t<>
North Carolina. Ball, Afar. Sei. 45�!:637 � 47.

Horseshoe crabs, collcctcd at 11- to 39-rn depths
along the continental shelf fr<>m North Carolina to Nev<
Jersey, fed primarily on bivalve m<illusks. Prey ranged
fr<>m 1 � 20 mrn in shell length. Immature and >nature
horseshoe crabs had essentially the same diet, qualita-
tively and quantitatively. F<x>d consumption was higher
in September than in March or July Horseshoe crabs
attain their greatest densities in the relatively shallovv
waters  Jess than 30 m! betwccn southern New Jersey
and may be among the more signif>cant predators of
bivalves in that region.

Botton, M. I, R. F.. Loveland, and T. R. Jacobscn. 1994. Site
selection by migratory shorebirds in Delaware Ray, and its
relationship to i>each characteristics and the abundance ot
horseshoe crab Limrel><s polyphemr<s eggs, Asek 111:605-16

The distribution of migratory shorebirds on seven
beaches v<ithin Delaware Ray was examined for prey abun-
dance and shoreline characteristics, mid-May to early June,
in 1990 and 1991, Red knot~, sanderlings, ruddy turn-
stones, anti "peeps" comprised nearly 100% of the shore-
birds. Horseshoe crab eggs were the most abundant food
item on those beaches. The sh<>rebirds aggregated at places
along rhe shore where shoreline discontinuities  jetties and
spits at rn<>uths of salt-nrarsh creeks!, "trapped" «ater
borne h<irsesh<ie crab eggs and concentrated them. In gen-
eral, both hov<esh<ie crab elk~ and shorebirds incrcascd
along thc bay shore from Higbees Beach  near Cape May
Point! to Moores Beach �2 km up-bay!.

Castro,  ',, J. P. Mycrs, and R. E. Ricklefs. 1992. Ec<>l<>gy
and energetics of sanderlings migrating to tour latitudes
Ecology 73�!:833-844.

A study of the ecophysiological responses of sanderlrngs
to their nonbreeding cn<rironrnents in Ne<v Jersey, Texas,
Panama, and Peru. Their daily energv expcnditurc <vas
temperature-influenced  being higher at colder locatioris
and equivalent to 4.2 tirncs thc basal rnetab<ilisrn rate in
New Jersey, 2,8 in 'lcxas, 2.1 in I'anama, and 2.7 in Peru!.
In Ne<v Jersey, feeding occurred for 55% of the daylight
hours and r<xisting about 35%.

Castro, C>., and J. P. 1VIyers. 1993. Shorebird predation <>n
eggs ot horsesh<>e crabs during spring stopover on
Delaware Ray. Ar<k 110:927 � 930.

The energy requirements <>f six species of rnigran>ry
shorebirds, during their spring stopover at Delaware
Bav, werc calculated. 'I'he resultant high levels r>f energy



co<is i<lip'ti<>n c!eai'ly sho~, d the importance <>t Dc!aware
Bay to the migratiilg s} <> cbirds and >>>>plied
shOrebird sPring St<>P<>ver 1»ght be a crucial and very
important SCgnlent Of th�.e a>1nual cycle  >f the birds.

Castro, C'., J. p. Myers, a11cf + R Pl, A ~ ' !.Place. 1989. Assimi!ati<>n
efficiency of sanderlings  C.. a i ris <alba! feeding on
horsesh<>e crab eggs fr i~

Metabolic assessments ~, . re nlade  >[l sevell Captive
sanderlulgs fed a h<>rs<esh<

h b' d ingested n ye, g. f ~0�, ~d !

  1.. S.2 g!. Th<. a  -r g.
�8.6% * 1,0%!, and 72'lt, <>f the inge, tcd c.g, we ' d

raut. unbroken, with a rapid gastro-
~ 2 ~ <t>inutes! Whc» p!aCed <>il a

diet of mealworms  Tenebrio waar»we~ they rapidly gained
weight  L.S a 0.20 gyday!

Clark, K. E., L. J. Niles, and I, Burger, 1993 Abundance
and clistribution of' nligrant sh<>rebirds in Delaware Bay.
Condor 95:694-70'5.

Delaware Bay is the most important stopover in the
eastenl U.S. for the sernipaltnated sandpiper, ruddy turn-
stone, red knot, and sanclcr!ing M >re than 216,000 ol
these birds were counted during a single day peak in May
1992. The abundant foocl res<>urce pr»vidcd hy horsesh<>e
crab eggs is one reason for this shorebird concentration.

de Sylva, D. P., F, A. Kalber, Jr., and C. N. Shuster, Jr, 1962.
Fishes and eco!ogica! c<>nditions in the sharc zone <if thc
De!asvare River Fstuary, ssdth Il<>tes on other species c >!-
!ected in deeper water, Uiliyersity of Delaware Marine
Laboratories, Informati<>n Sexes, Publicanon N<>, e>.

Horseshoe crab eggs and larvae werc i<in nd in tlic
sn>mach contents of ses eral sinai! tish species and the
juveni!es of'large fish  severa!, when grown, are fished
recreationa!ly and c<>rnrnercialfy!: American ce!, striped
killitish, white perch, striped bass, silver perch, weaktish,
northern kingfish, Atlantic silversidcs, slimmer t'l<iundcr,
and winter Rounder,

1994 p trial",il d>stuiban .e of

Li»iulus polyp', d g

thei . awning season. F~uariesI7 LB!:
. b nthic creatures that spend inuc

tu<fy eyamined thc exteilt to
�n �f 	<irsesh<>e crabs <ul the Cape

M h ked the sedimellts ol thc intertidal Rats,

ments up to a depth <>f
nlorph<>metric and serologiCal

relationshipS >sit iin t 1
' 1 'n the Littlu!idae,  slth particu!ar reference

to I i>>gului polvtt>be>>i i<s   L. ! . Ph. D d'm-, Ncw York Univ.
I I es <if sh<>re birds that Capt. HaroldLists the 11 species <'-< nil nuniCati<>n! obserVed feeding

N.  "ibbs  persona

on the eggs of the horseshoe crab during May 194g on
the p,'ape May shore of Dc!aware Bay: senlipalmated
plover, black-bellied p!over, knot, pectora! sandpiper, least
~ndpjpcr, red back sandpiper, scmipalmated sandpiper,
dowitcher, sanderling, tumstonc, and laughing gu!l,

g�r»>Ni and Ak ptabilityy Including
Hubitrst Considerations;
B< tton, M. 1,, and R. E. Lx>ve!and, 19g7 On nt

horseshoe crab, Limulus polvphemur, on a sandy b�-h
Biol. BulL ! 73:289 � 98,

Beach sh>pc is more important than vision in d t
nlining Orientation on beaches and returning to the
vatcr. Both "blinded"  by opaque adhcsil e d,
and norma!-sighted horseshoe crabs v'ere rel-as d
flat sandbars and "norina!" slope<1 �'! beaches.
 !rie»tation was poor on a flat beach, although sighted
li<>rseshoe crabs slightly out-performed "blinded"
<ines. This correlated with the observation that large
numbers ot'horseshoe crabs tailed to return to the
water after spawning on sandbars or similar habitats
lacking a slope gradient.

B<>tton, M. I, R, E. Loveland, and T, R. Jacobsen. 1988.
Beach erosion and geochcmica! factors: influence on
spawiling success of horseshoe crabs Li»>ulus polyphemus
in Delaware Bay. M<tr. Biol. 99:32.> � 32.

Horseshoe crab spawning is not evenly spaced along
Delaware Bay shores. This study investigated the impor-
tance of geochetnical and erosional factors to the selec-
tion of breeding beaches by horseshoe crabs. Erosion,
exposing underlying peat, results in significantly fewer
horseshoe crabs utilizing such a beach. The high levels
ofhydrogen sulhdc associated with the peat indicated
that thc horseshoe crabs can detect the nature of the
sediments and av<>id unsatisfactory areas. In addition to
the erosion of beaches, exposing vast strands ot peat, the
use ol bulkheading, including cinder blocks, etc., to
deter beach erosion has also reduced the spawning area
available to horseshoe crabs.

B<'tron, M. L., and R. F.. Love!and. 1989. Reproductive
n«: high mortality associated with spawning in horse-
shoe crabs Limuluspolvt>hemus in Delaware Bay, USA.
Mrir. Biol. 101.143 >1.

Mass>- strandings of ad li horseshoe crabs o ur
after spawning on rhe shores of Delaware Bay; abo"t
I Q+ of the total spawning population dies from s«an
ings. A complex of factors, including abnormal»" s "
the telson  the "tail," which a horseshoe crab uses to
overturn itself when upside down!, the size <>I th
spawning population, tidal and weather condinons,
and beach slope influencc the number stranded dunng
the bre ~'ec~ ng season The large loss < f gravid feme!es
mav represent a inajor input of organic material to
tntcrttda! regions in certain regions ot thc bay.
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Br !ck<nalul, I l. 1. 199o. Mating bchavi<ir <>f' horscsh<!c
cribs, lii¹ulus polyp/Jr»rus. %ha>~ir>ur 1L4,206-20.

Nesting is synchr<>nizcd to a fciv h<>urs each day at thc
tjnic  if th» spring nes< - and full-m<xin high tides in

1<>rjda watct'i. Unattached nlales cluster a<o<li>d thc nest-
<rig pair. I.xpcrimental mani!iulatiois dem<uistrated that
iatellite n>ales arc capable <>f fertilizing the eggs, which
suggested that "sperin competiti<in" is the primary cxpfa-
natj<>ri for thc prcscncc of unattached males on th» beach.

Brockn>ann, H. J., T. <:ofson, and W. P<>tts. 1994. Sperm
conipctition in horseshoe crabs  Li>¹rrlrrs poiyphe¹rrrs!
Ifelsav. L'eoL Soeiobiol. 35:153 � 60.

A paternity analysis was conducted to deterinine the
proportion of eggs fertilized by attached and satellite
males, Eggs were collected from nests <>n beaches ntad»
bv isolated pairs with one sateBite male, in Fl<irida and
Delaware, Thc eggs then ivcre reared to the late trilobitc
or first instar stage. LINA was extracted fr<irn these <>f1'-
spring and from each adult  female, attached male, and
iatellite male! for usc in the paternity analysis. Satellite
males fcrtiI<zed 40% of the eggs on average, attached
ntales fertilized 51%, and 4% of'the eggs that were laid
by thc female were sired by neither thc attached nor thc
satellite male  and 5% could not be determhied unam-
biguously!. The high variability of success by the satellite
males, ranging from 0 to 88%, was in part due t<> the
relative positions of the satellite and the attached nialc
to the incurrent water being pu<nped by the fernale.

Brocktnann, H. J., and D, Penn. 1992, Male mating tactics
in the horseshoe crab, Li ¹rulus poiypher¹us. Ani >sr. Behav.
44:653-65.

Males return to the beach more frequently than
females  and niost f'emalcs arrive attached! resulting
in a strong bias in thc sex ratio during <ine tide. Fxperi-
mentally, diffcrcnccs in attached and unattached males
in mating tactics are condition-dependent.

Penn, L>,, and H. J. Brockmann, 1995. Age-biased strarid-
ing and righting in male horseshoe crabs. A¹i¹r. Belsav.
49:1531-39.

Large numbers of h<irseshoe cralis may bc stranded
on thc shores of Delaware Bay. Stranding, for malei, has
two interacting components: mating tactic and righting
ability, First, unattached males ivere ni<>re likely to strand
thar> attached males. Second, unattached males were,
on average, older than attached inalcs. Fxperimcnts
reiealed that overturned older crabs ivcrc less likely
to right thetnselves than younger <>nes,

Ivlpuot of Bke4i eg Horseshoe Crnbtt
Rudloe, A, 1983. The effect of hcai y bleeding on mortality

of the horseshoe crab, Lii¹ulus poly pber¹us, in the natura
environment. f. Invert. PathnL 42:167- 76.

APP«»'i>natelv 10,000 horseshoe crabs iiierc c<illectcd
a"d tagged in St. Joe Bav, Florida. Half were filed and
half were handled as c<introls; all v ere released. Analysis

<>I'thc rags returned I'<>r the tiixi groups iiid>cared that
bleeding increased tlie nt<>rtalih hy 10% during thr. f>rst
year alter bleeding. Bled crabs, recaptured f<iur wccks
later, had regained their hl<xid i olurnc. An>mals c<il-
Icctcd tivo yean after the <irigi<tal bleeding experiment
showed a m<irtalirv of' I 1%i <if thc bled over tltc c<i<ltr<ili

IiP Cyck ats4 Lottgovity:
B<itt<xi, M. I, R. I.. Ix>vefand, and 1. R. Jac»bien. 1992.

Ovrrwintering hy tril<>bite larvae of the horscsh<>c crab
Li rrr rrlus prrlvpbe>¹rrs on a sandy beach of' I'!class arc Bav
 Neiv Jersey, USA!.,Mar, Feol, Prrf>rf, Ser. IIII:289-92.

Describes thc <iverwintcring <if h«rscih«c crab I.irv.ic
ii ithin the nests in beaches <if' Dclaivarc Bay. 'I hcic lar-
vae escape f'rom thc ncsti during the carly ipring ivhc»
predation by birds is minimal. Ovcrivint<. ring ali<i intr<>-
duces an carly start tor individ<iaks f<>rmrng thr year clais
developing the year that they emerge t'rom the ncits.

B<!tton, M. L., and J. Ã. R<!pci. 1988. An indirect n>cthod
h>r estimating longevity <if'thc h<>rscshoc crab li irrrrlus
polypbe>¹us based on epifaunal slipper shells f :repirlrrla
f'or>rieatrs!. I, .'>hellfish Res. 7:407-12.

Horseshoe crabs have been called "walking miiicumi"
due to the several species <>f'<>rganisms that encrust their
shells. One <if'these attached species, the slipper shell
snail  <' 'repidrda for¹i tata!, was aged by shell length/
shell weight analyses; some were estimated to h» 8 I cars
old. The data suggested that a maxinr<im age <if at le~st
17 to 19 years is attainable by horseshoe crabs»f b<ith
sexes: 10 years to mature and 7 to 9 as adults.

Hdrcdge, N. 1991. Fossils: The rvolutio¹ a¹d extr'>retro>i r>f
species, 100-111. New York: Harry N. Abrams, Inc.

Page 105: "Horseshoe crabs are ec<ifogical generalists."
ln discussing thc broad ecoI<igicai rcg>mcs in ivhich
m<idern horseshoe crabs live, the auth<ir states  p. 108!
"the more fkxible a species is ec<>logically, the greater
the chances that it will be able t<> find suitable habirati as
thc environment changes through time."

Ropes, J. W. 1961. Longevity <if the horsestuie crab, Lii¹ulus
polyprt>er¹us  L.!. Trans. Ar¹er. Fish. Soc. 90:79-80.

Reported recovery of live h<>rscsh<>e crabs five years
after their tagging and rrlease in Plum Island Sound,
Massachusetts.

Lovcland, R. F.�and M. L. B<itt<¹i. 1992. Size ilirn<>rphisin
and thc mating system in horseshoe crab~, Li >¹rrlrrs
polyphemus  I..!. A¹i>¹. ifelsan 44:907 � 16.

Reported up to 15 males in a ipaivning group with
I female.

Shuster, C:. N., Jr, 1950. Observa<i<xis r>ii thc natural hist<>ry
<>f'thc American horseshoe crab, Li>¹ulus polyplse»rrrs.
<:<intributi<>n N<i. 564:18 � 23. W<x>ds H<ilc. MA:
Wir>ds H<>lc Ocean<>graphic Instituri<ni.

On the basis of <>bservati<>us during th» sumnieri <>f'
1949 and 1950, in thc Barnstablc Harb<ir area <>f  :ap»
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Cod, the following aspects the natural hisn>ry <>f
ho eshoe rahswe edcse; edi fo 4 dfe-di<'t h h
groinh and growth stages breeding habits, inigratory
habits, and an estimate of the Il arnstable Har >r/ '.apc
Cod Bay population.

huster, C. N., ! . 1953 Adyssey of thc hofsesll<>e crab.
At<dr>ho>s AAprts»>e 55�!- 162 63 167

Page 167: Bv the early 19c>ps h<>rscsh<>e crabs werc
being taken for cel bait, h> it the larger numl rs were
still being harvested for fertihzer. ~However, the great-
est loss of life is at the beginning wfien sal<-water fishes,
eels, and shorebirds foll<iw along af;cr the mating pairs
or dig in the sand to feed tap<in the newly-laid eggs or
larvae" of the horseshoe crab

ihuster, C. N., Jr. 1955. An rr>orph<imetric and serologi-
cal relationships withiri the I.irnufid ac, with parTicular
reference to Li»risings polyphesss res. pfg, D. diss�Ncw
York University,

Established on the basis <if a,dult h<>rseshoe crab m<>r-
phornetry that the major pc>ptslati<>ns <if horseshoe crabs
werc relatively discrete, Cave life cycle data: 18 growth
stages, differential increments of growth in juvcnilc
males and fcmalcs, and 9 tci 10 years to reach maturity.

Shuster, C, N., Jr. 1979 Distribution <>f'the Arncrican
horseshoe crab, Lit>r>dt's polyphemr<s  L,!, In B>olop'irrtl
rtpplic'<stion>s ofthe horseshoe erssb  Li»ss<lidae!, eds,
E. Cohen ct al., 3 � 26. Hew York: Alan R, lass, Inc.

Page 17: On 24 July 1951, nearly 2,000 juvenile hoise-
sh<ic crabs were collected cin 16 s<Iuare ft. <>f'an intertidal
flat in front of the Nevv Jersey oyster Research I~h<>n
Cape Bay; 9 larvae, 336 "first-tailed," 950 Stage III, and
678 Stage IV, By 11 Septetnber, large nuiubers <>f juvenile
horseshoe crabs were spread out, bayward, <>ver live inter-
tidal bars  a distance of <iver 140 n>!. Also described distri-
bution of aduh horseshoe crabs  pp. I9-21!.

Shuster, C. V., Jr. 1982. A pictciriaf review <>f'thc natural
history and ecology of the horseshoe crab Li»»<li<s

with refi rence to other Limulidae. Inpolypbe»»<s wr
~sd biolopv of horseshoe nabs, cds, L Rona-Pbyriology ranC B<><taventura, and S. Tcsh, 1-52. New York:

ve nt <lra <
Alan R�Liss, Inc

thesis of previous major studies and those <>f theA svnt es'
autnor t e v<' account of thc
h. fhorseshoe crabs;n thc twentiethhistory o
i 1 d d n92uch he at<thor s unpubf>s}Inc u e mu
an ata. id d ta. Life ycle, including growth stages, b e d,n
and migra id migrations  PP, 22 � 31!; behavior arid ��,�, �,
inc u ing ocfudrng k>conw>t >r ac@vines and tol,r
of d>lffercnt salinitics  pp 32 34'. I, d
 , 34 � 35!; symbiotic and other rclati<>nships
tpp
 pp, 35-45!.

Shu't'C N' J' d M L B to 1985 Ac mb-o.
to the population biology of horseshoe <'rabs
polypbe»»<s L,!, in Delaware Bay. ~<,uncs 8:363-72,

1>t 1977, there was an average of 24 nests �
me'ter within a 6-in band, based on a

 from the low-water to the h' p- �, l�v
computed to 288,000 nests in thc 2-km strand just
south of the New Jersey Oyster Research izb <>n Cape
May �4 x 6 m x 2,000 m!. There was an average of
3,650 a 232,5 eggs in each nest. On average, large-sized
females had 88,000 mature eggs, although this number
varied greatly, probably depending upon thc agc and size
of'thc individuals and on the extent to which each female
had or had not spawned prior to the examination.

Wigley, R. L., and R. B. Thcroux. 1981, Atlantic continen-
tal shelf and slope of' the United States � rnacrobenthic
invertebrate fauna of the 1VIiddle Atlantic Right regi<>n-
l'aunal coinposition and <Iuantitative distribution. Geo-
logical Survey Professional Paper 529 � N,

This survey was conducted in the carly 1960s. In
terms of biomass, bivalve mollusks and annelids werc
dominant groups of the macrobcnthic organism~.
Organisms from both groups arc major items in the
diet ol' horseshoe crabs.
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APPF.NDIx B

Horseshoe Crab Regulatians
for the Mid-Atlantic States

NJ MD' SCVADE

Gear 'Pypc Allos!red � State Waters

Hand YesYes Yc.<

Trawl NoNo Ycs,  !uts!de I I'Il!le
 	 At!anti« coast

N !

Ycs, crab dredge by-
«arch in srime areas only

Dredge No Ycs

YesYcsOther N ! Yics

Rc p irt ing

Requirements

Y . s Yes Y«sYcs Ycs

YesYcsSeason
Restrictions/Area

Closure

Yes Yes

Approximately 300 Approximately 24 handNumber Permit
Holders

 l997 season1

5 drcdgc 17

122 hdnJ crab dredge
by-catch

~ han J-pick �/day!
~ c !tnmercial eelrr<

l !r pets<!nd! use fi !r
bait in Dclav are

Personal Vs«-
Exemption ftx! tn

Licensing

5 per Jay

Nu NoReturned to Water
Unharmed

No Yes

7 !'dc!. td!d«, 5<K. 2701,
1902 k Shellssh Regs.

55! -54

VMRC Reg. 4 VAC
20-90t!-! 0 ET 5F.q

23:2 MDIV 08.02.10 01  AK!c of I>vs of SC
Sec. 50-17 165

Reference NIAC 7.25-18.16

Charhe I caser I~as C IlhnghamTom O'Gonne! Ipeter Himehak Marin«R«s<!urcc
DI«ISIon

�02! 739-3441 �! 0! 260-8271 f804! 247 2243Te!ephone 1803! 795-6350�o9! 748-2020

' New ferse!I adopted new rcgu!ations, «&ective 9/25/97, which eliminate the trav:! hsher! and dredge br-catch, establish eligibilitr
criteria, and n!od!fy the season.
' In Delaware th ..- -nt of'Nan!ral Resources and Vn! ir<!nm<.ntal Cd!ntr<!! has pr<!p !sed rcg»!at! !r!s f<!r rhc 1998 season r!iate ~epartmen
estab!ish e!ig'bil - ontrol tinle <if harvest, estab!Ish daily !imits f<!r thc dredge hsherv, and ~quire fnonthlv rep<!rts on harvest»ry cr!ter!a, co
'As this report s Mary!and is considering an ernergcn<i order for the 1998 seas !n that would establish a peru!it srstemgoes to press,
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ArraNDzx C

1989 Total

Lbs' Percent
EEZ > 3mi

I.bs 5 of Tot.
State < 3rm

Lbs '%%d of Tot.

282,889 26. 5'1 100. 0%282,889

36,08926,030 72. 1%27.9'Yp10,059

70.0%%d746/20

417
25,8%%d

71,9%

192,600

300

47.2%

28.1%
553,620

117 0.0%,

1,065,615 1pp pg

1990
Total

Lbs' Percent
EEZ s 3mi

Lbs % of Tot.
State < 3mi

Lbs %%d of Tot.STATE

MA

RI

CT

NY

NJ
DE

MD

VA

19.9%170,150170,150

33.8%!289,168

168,800

227,680

146,794

168,800

144,640

50.8%%d 49.2%142,374
19.7%

26. 6%36. 5%83,04063. S%

855,798 100. A

l99l

State < 3mi

Lbs '%%d of Tot.

TotalEEZ > 3mi

I bs Ik of Tot. PercentSTATE

0.2%%d1,860 2,040

350,000
18091.2%

350,000 100 0% 32.8%

350,85 5 32,9'%%d350,855 100.0'%%d

184,860

1,778

360,980

1,778

33.9%

0.2'I
5 .2% 176,120

100.0%

538,498 50.5% 527,155 I,065�53 100,0'%%d

MA

RI

CT

NY

NJ
DE

MD

VA

RI

CT

NJ
DE

MD

VA

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

846,685 79.5% 218,930 20.5%

*I'his excludes 22,297 lbs. for sohieh the area of landings ss unknown,

630,384 73,7% 225,414 26.3%

'7Isis excluaes 52,332 lbs. for which the area of tundsnsts is unknoson.

>Iis excludes 23,392 lbs. for sohi ch the area of landings is unknoasn.



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

1992
EEZ > 3mi

Lbs % of Tot.

State e 3mi

Lbs % of Tot.

Total

Lbs' PercentSTATE

15,000 1.5%

10,000 1.0%

500 0.1%

15,000

10,000

500

100.0%

100. 0%

100.0%

55.6% 135,360 44.4% 305 022 30 7%<169,662

56 <.! 663,624 66.8'%292,260 44.0%371,364

994,146 100.0%566,526 57.0% 427,620 43.0%

*'ibis tvcl«des 6,473 lbs, for which thc area of lassdissgs is s<sskaowss.

1993
EEZ >3mi

Lbs % of Tot.

Total

Lbs Percent
State e 3mi

Lbs % of Tot.STATE

1,062 0. 1%1,062 100.0%

698,773

118,300

1,083,792

2,768

36.7%

6.2%

56.9%

0.1%

53.Z%

100.0%

371,75i4

118,300

869,492

327,019

80.2% 19,8%

100.0%i

2 14,300

Z,768

1,904,695 100,0%1,360,608 71.4% 544,087 28.6%

1989-1993
TotalEEZ >3mi

Lbs % of Tot,
State e 3mi

Lbs % of Tot. Lbs PercentSTATE

2,040180

981,638

31.1%

61.8

958,320

3,068

5,885,907 100.0%3,942,701 67.0%< 1,943,206 33.0%

'Zhis seel<adrs 104,494 lbs. for which the a ra oflaudiaps is asskrsowa.

Sos<rces NMFS Un suhhshed  Veish<in< Da<a.

MA

CT

NJ

DE

VA

lUIA

CT

NY

NJ

DE

MD

VA

MA

RI

CT

NY

NJ
DE

MD

VA

1,860

819,101

10,000

500

698,269

287,100

2,12 3,976

1 895

9 i.2%

100.0%

100.0%

100.0%

41.6%

100.0%

68.9%

38 2%

8!9,101

10,000

500

1,679,907

287,100

3,082,296

4,963

0.0%

13.9%

�2%

0.0%

28 5%

52.4%

O.lt



APPENDIX D:

HOg$E$HOE CRAB FORUM REGIS'HVtNTS
"Forstvrt SPr.Ikey'Organs'acr

Joa issue Bur rtr
P.O. Box 321
South Orleans, MA 02662
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Judy Ada ras
Delaware Waterman's Associati<in
Rte. 36, Slaughter Beach
Milford, DE 19963

Tia< Aepel
Wall Street Journal
1155 Avenue of the Americas
New York, NY 10036

Steve Aller<
U.S. Army C<!rps of Engineers, Philadelphia Dist.
Philadelphia District Wanamaker Building
100 Penn Square East
Philadelphia, PA 19107-3390

7'iua Beraat, Nature Center Manager
National Estuarine Research Reserve Prograin
Delaware Dept. of Natural Resources

and Environmental Control

89 Kings Highway
P,O, Box 1401
Dover, DE 19903

Bar< Berzojrky
Bi<!Whittakcr lnc.
8830 Biggs F<>rd Road
Walkcrsvill», M D 21793-0127

Robert Blutaertthal, Marketing Manager
I AL Bi<!Whittaker, Inc.
8830 Biggs F<>rd Road
Walk» rsvillc, MD 21755

l lear<or Boeher<ek, Marine Extension Agent
New Jersey Sca Grant College Program
Marine Advisory Service
1623 Whiresvi!le Road
T<>ms River, NJ 08755

Mark L. Bottor< '

Fordham University
Divisi<!n of Science 8c Mathematics

Lincoln Center Campus
Vew York, NY 10023

Johis Brady
U,S, Army Corps of'Engineers, Philadelphia Dist.
Philadelphia District Wanarnaker Building
IDD Penn Square East
Philadelphia, PA 19107-3390

Tracey Bryar<t, Marine Outreach Coordinator
Uiuversity of Delaware
Sea Grant College Program and

Graduate Cogege of Marine Studies
Marine Communications OfFice
Newark, DE 19716-3530

Kar<ey Butoiotk<, Fisheries Biologist
Maryland Dept. of Vaturat Resources
Fisheries Service
Tawes Office Building, C-2
Annapolis, MD 21401

Dave Carter, Prograin 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 Corn inunications Office
Newark, I!F. 19716-3530

Katbleer< Clark '
New Jersey Division of Fish, Game 8t Wildlite
Endangered Bc Non-Game Species Program
Tuckahoe WMA
2201 County Rte. 631
Woodbine, NJ 08270



Richard Cole, Fisherics Biolog<st
Delaware Dept, of Natural Res<>urces

and Environmental Control

89 Kings Highway
P,O. Box 1401

Dover, DF 19901

James Cooper, President
EndoSafe, lnc.
1023 Wappoo Road, Suite 43
Charleston, SC 29407

Patrick Gaffe<ey, Associate Professor
University of Delaware
Graduate College of Marine Studies
700 Pilottown Road

l~wes, DE 19958-1298

Let's Gi lli»ghat»
Virginia Marine Resources Commission
P,O. Box 756

2600 Washington Avenue
Newport News, VA 23607

Rachelle Darg»arsis, Environmental Fd. Specialist
Assateague Island National Seashore
7206 National Seashore Lane

Berlin, MD 21811

George De<sr<so»
Dawson Communications

12 Llewellyn Place
New Brunswick, NJ 08901

3fichuel Du<<so»

Associates of Cape Cod
704 Main Street

Falmouth, MA 02540

Kure» Day
U.S. Fish 8c Wildlife Service

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

Joh» Fwurt, Aquaculture Specialist
University of Delaware
Sea Crant College Program
Marine Advisory Service
700 Pilottown Road

Lewes, DE 19958-1298

Joseph G, Farrell, Marine Resource Mgrnt. Specialist*
University of Delaware
Sea Crant College Program
Marine Advisory Service
700 Pilott<nvn Road

Lewes, DE 19958-1298

Joh» Field, Anadromous Species Coordinator
Atlantic States Marine Fisheries Commission

1444 Eye Street, NW, 6th Floor
Washington, DC 20005

Nu»cy Goggi», Program Manager
Non-Point Source Pollution Program
Delaware Dept. of Natural Resources

and Environ<nental Control

89 Kings Highway
P.O. Box 1401

Dover, DF. 19903

James Go<vdy, Vice-President
Maurice River Historical Society
P.O. Box 175

Mitepah, NJ 08342

William R. Hall, Jr., Marine Education Specialist
University of Delaware
Sea Grant CoUege Program
Marine Advisory Service
700 Pilottown Road

Lewes, DF. 19958-1298

Jim Hull, Program Development Coordinator
National Estuarine Research Reserve Program
Delaware Dept. of Natural Resources

and F.<tvironmental Control

89 Kings Highway
P.O. Box 1401

Dover, DE 19903

Jay Harr<»gros<
P.O. Box 321
South Orleans, MA 02662

Doris Hscks, Seafood Technology Specialist
University of Delaware
Sea Grant Marine Advisory Service
700 Pilottown Road

Lewes, DE 19958-1298
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Peter J, H<mchak*
Ycw Jersey Div<s!on  >f'Fish, Gian!c and Wildl>fe
Nac«tc Creek Research Stati»n

P.O, B«x 418
P«rt Republic, NJ 08241

H. D »said H >rhsrci», Deputy l!irect«r
Pr«duct Quality Contr»l, FDA
Center f«r Bi«logics Evaluati«n 8  Rcscarch
1401 Rockvifle Pike
Rockviffe, MD 20852 1448

  Isarlcs H >csstt
University of Maryland, Eastern Sh<irc
Trigg Hall, R<x>m 1120
Princess Anne, MD 21853

 irrtrbc>> K> app, Park Ranger
Assateague Island National Seash<irc
7206 Nati«nal Seashore I one
Berlin, MD 21811

J >b>s Kracs tcr, Associate Direct«r
Haskin Shellfish Research Iah, Rutgers University
RD I, Box B-B
I'»rt N«rris, NJ 08349
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Interstatc Fisheries Management Program
A la»tie States Marine Fisherics  ',<>mmission
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Delaware Dept. <>f Natural Res<>urccs

and Envir<x!mental C<introl

P.O. B«x 1401
89 Kings Highway
D<>vcr, I!E 19901

Cccelia Li> der
University of Delaware
Graduate College of Marine Studies
700 Pilottown Road
Lewcs, DE 19958-1298

Robert k. L >t!cia>td'
Rutgers University
Nelson Bi»logical Laboratory
Department of Biology
P.O, Box 1059
Piscataway, NJ 08855

Jcrsr>ifer L skc»s, Environmental Scientist 11
Delaware Coastal Management Pr»gram
Division of Soil Bc Water
Delaware Dept. of Natural Resources
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89 Kings Highway
P.O. Box 1401
Dover, DE 19903

A»drew Maw <s Director
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Delaware Dept. of Natural Resources

and F.nvironmental Control
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P.O. Box 1401
Dover, DF. 19901
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Trigg Hall, Roo n 1120
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P,O, Box 775
Ca nbridge, MD 21613
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Delaware Dept. of Natural Resources
and Environmental Control
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P.O, Box 1401
Dover, DE 19901
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P. !. Box 1429
Dover, DE 19903-1429

Pa¹l Pcrr<s> Fishcrics Biologist
National Marine Ftshcries Scrvicc

1315 East West Highway
Silver Spring, MD 20910

Ja>¹rs Pirrrr, Asst. Pr<it'ess<>r of  >enetics
Philadelphia  '»Bette <it' I'ttar nacy L!icicncc
I!cpartmcnt <it' Bi ihiyii.il!icicncc
600 S. 43rd!itrcct
1'hilailclphia, VA 19104 -4495

  'r<trr Pirrrr-Rr<k,  '.»nscrvati«n I!ircit<ir
1!elaivarc Audub<>n S<>ciety
20 Muirticld C<>urt
l!<iver, DE 19904

Kr¹r Prier, Direct<ir
Mari!ac Advisory Service
L'diversity «t Delaivarc
Sc.t  <l ant  .«liege 1'r<iy,ram
700 Pil«tt iwn B<iad
Ix«cs, DE 19958-1298

'li l Pi< r¹rll
Save  !ur wetlands and Bays
Rl! 6, B«x 98
Millsb ir<>, 1'! }'. 19966

Rr¹rr Rich<trds, Executtvc I'!irector
 :enter f<>r the Inland Rays
P. !, B«x 297
Nassau DE 19969

 :hris <irym<»<r, Interpretive Specialist
Assatcague Island National Seashore
7206 National Seashore Iane
Berlin, MD 21811

Rr¹jami'¹ Shrr¹>«¹, Mc lia Rclati<ins C<x!rdinator
iNari<>nal Sca  >rant  ;«liege Proyram
841 National Press Buikling
529 14th St�NW
Washington, D : 20045-2277

Mirharl <'k<!rr

 ,ape  >axcttc
!ih<>ppes ot  ;amelot
Rchoboth Beach, DE 19971

 :<trl X. Sh isrrr, Jr., Adjunct Pnitess<>t'
Virginia Institute  >t' Marine Science

M<silinp Address  hgmc! 
3733 N. 25th Street
Arlington, VA 22207-5011

  <trl Solberp
Sierra  :lub, Delaware Chapter
P.O. Box 1908
1!<!vcr, DE 19903-1908

59



60

Hurley Speir, Program Leader
Maryland Department of Natural

Resources, Fisheries Service
Tawes State Ofhce Building, C-2
Annapolis, MD 21401

Ctuy Stettoe, Jr,
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