This presentation was developed to serve as a general introduction to
the many wonders of horseshoe crabs (HSCs). Because it was
developed in the U.S., the HSCs featured in most of the slides are the
American HSC, Limulus polyphemus.
To spice it up, we’ve included some award‐winning artwork and
poetry courtesy of young people from around the world. If you want
to see more of these works, or to learn more about horseshoe crabs
(HSCs), go to the website of the sponsor of the annual Young Voices:
Horseshoe Crabs in the Arts contest at: www.horseshoecrab.org.
In addition to all the good information, you can scroll through the
past decade of award‐winning artwork, poetry and stories of students
from around the world , and perhaps find inspiration to encourage
your students to put their creative energies and talents to work in
submitting entries for future competitions.
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Sometimes people ask me “what is it about horseshoe crabs that
gets people so interested and juiced up about them?”
An interesting question, because they certainly aren’t your cute,
cuddly, warm & fuzzy kind of creatures.
Yet there is something about them …
Perhaps part of the attraction lies in how ancient they are …
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How ancient? For the longest time, we used to say 350 million years
old ‐ which is a very long time … but then …
Recently, scientists in Canada found this oldest known fossil HSC,
from rocks dated 445 million years old!
The Earth looked a whole lot different way back then than it does
now. Life existed largely in the oceans, and had only just begun to
make its move to land.
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The ancestors of today’s HSCs have witnessed and withstood many
dramatic changes in the Earth in their 445 million‐year march
through time. Their ancestors go back to a time when life on earth
existed only in the primeval oceans and animals with backbones had
not yet appeared.
Across those vast expanses of time, HSCs have been survivors of
remarkable distinction, withstanding the rigors of ice ages and other
climatic extremes … adjusting to changing seas and shorelines as
crustal movements shifted continents great distances over time …
advancing and surviving long after other animals, including the great
dinosaurs, arose, flourished and passed to extinction.
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And through it all the HSCs have kept on (and keep on) trucking!
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So‐o … to be so successful for so long, horseshoe crabs indeed must
be doing something right!
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This is something you might read or hear about HSCs that greatly
simplifies their story. Yes, their basic body plan appears to have
stayed pretty much the same going back some 200 million years or
so ago (to the time of the dinosaurs), but that doesn’t mean they
haven’t changed in other ways.
I liken the HSC to the Volkswagen beetle of the animal world. The
VW beetles of today don’t look a whole lot different on the surface
(like HSCs, retaining the same serviceable body plan) than the ones
from the 60’s and 70’s, but clearly under the hood (as HSCs have
changed and adapted under the shell) modifications and
improvements have been made.
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Scientists now believe that HSCs evolved from an ancient lineage of now extinct marine
arachnids called eurypterids. These connections are reflected in certain anatomical
features of HSCs today, which show more similarities to spiders, scorpions & ticks than
they do true crabs (crustaceans) or other arthropods. They also show several primitive
and unique characteristics that are not found in any other group of animals living today..
So, in studying HSCs we have an opportunity to study an animal that is quite different
from other arthropods, an independently evolved lineage, and a lineage that is in some
ways more like the stem ancestors of the arthropod group.
HSCs thus belong to the subphylum Chelicerata, which also includes arachnids and
scorpions. Essentially this animal group is defined by the jaws. Whereas most modern
arthropods have chewing mouthparts (called mandibles), the mouthparts of chelicerates
(the chelicerae) are shaped like claws or pincers and are mostly used for grasping and
tearing up their prey. In spiders, these chelicerae have been further modified into fangs.
Chelicerates also differ from other arthropods (including crustaceans, insects, centipedes
and millipedes, as well as the ancient trilobites) in lacking antennae. Recent research
has shown that the pair of appendages pair that comprise the antennae of other
arthropods is actually the same set of appendages that form the chelicerate mouthparts.
Put in simple terms ‐ insects feel with the first pair of limbs on their heads; chelicerates
bite with them.
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One of the unique and unusual features of HSCs is their mouth.
The original class name for them was Merostomata, which
translates to “mouth in the middle, between the legs”.
The mouth is not up front like other arthropods but ventral
(meaning on the underside) and they chew their food with the
bases of their legs as did some now extinct arthropods.
They also lack the true jaws and antennae (typical of most other
arthropod groups) and have a gill structure quite unlike other
marine arthropods; they are called book gills and they are more
like the gills of arachnids than of crabs.
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In that respect alone they are interesting animals to get to know!
But there’s a lot more to it than that …
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Switching gears, to a more global perspective on these animals.
Who can tell me where else in the world (besides Delaware Bay),
horseshoe crabs can be found?
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There are only four extent species of horseshoe crabs worldwide.
Of these, the Atlantic HSC (Limulus polyphemus) is by far the most
numerous and accounts for the largest percentage of the worldwide
horseshoe crab population. It ranges from Maine down to the Florida
coast, with a population also on the Yucatan peninsula of Mexico.
Unfortunately, the three Indo‐Pacific species have been in serious
decline for some time and inhabit a part of the world where human
considerations often overshadow environmental issues.
All four species are similar in terms of ecology, general appearance
and biology. Since all species are very similar in appearance to
Mesolimulus, a species found in Europe during the Mesozoic, it is
thought that these species evolved and branched out from that
common ancestor, Limulus moving westward to settle the Atlantic
coastal areas, and the 3 Asian species moving east to their current
Indo‐Asian distributions.
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When one gets away from the scientific names, there are a whole
more than four names for these four species!
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Not surprisingly, in the different parts of the world they occupy,
HSCs go by different common names. Here are some of them:
the first four from Japan, Malaysia, India and Mexico respectively.
My personal; favorite “Learning Fish” is a translation of the
Taiwanese word for HSCs.
The other names are all common names attributed to our American
Horseshoe crabs, reflecting various aspects of its size, shape,
behavior and well, in the case of “stinky crab” …
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Wherever they are found, the life cycle and early development of HSCs is an
interesting story in itself. Of course, the ultimate goal of an animal’s life cycle is
reproduction, and that is something else that HSCs are very good at. A typical
Limulus female carries about 90,000 eggs. She buries these in clusters in the sand,
each holding about 2000‐4000 eggs. She may lay 2‐5 or more clusters on a tide .
A hard outer shell shelters the tiny life form inside the egg. After a week, the
outer shell splits, revealing a tiny embryo inside a thin, transparent fluid‐filled sac.
After 2‐4 weeks of development inside the egg (including 4 molts), little Limuli
hatch out, washing out with the tide to the Bay ‐ though sometimes these larvae
remain in the sand for several weeks, and in some cases even overwinter there.
When they do emerge, these larvae – called ‘trilobite larvae’ ‐ are tailless, and
free‐swimming. During this time they do not feed, still relying on yolk sac left over
from their embryo phase. For several nights, they swim along the bayshores, freely
on their backs, paddling away with legs and gills.
A few days after hatching, the larvae settle down in the sand. There they molt to a
miniature (5 mm or so) version of the adult and begin feeding and growing. Only
33 out of a million HSC eggs laid survive their first year!
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Molting is indeed an amazing biological process! When you see and
think about all the parts of the HSCs that need to be replaced in
molting, and how many times they need to do this over the course
of their lives, the process of molting becomes an intriguing and vital
element of the HSC life story.
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Molts (shed shells of HSCs) can be collected in large numbers along
certain Atlantic Coast beaches, especially in places where there are
favorable offshore areas for juveniles to feed & grow. Typically ‐
following a good spring and summer growing season that fattens up
juvenile HSCs to a place where they need to grow into their next
larger shell ‐ these molts will appear in large numbers on shore
following late summer to early fall storms.
Sometimes, people confuse these mass accumulations of juvenile
HSC shells as a die‐off and post them on U‐tube with well‐intended
messages of concern about the population. Fortunately, almost
always, upon investigations by biologists they turn out to be molts,
and not dead HSCs!
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Now let’s turn our attention to the basic biology of horseshoes.
This is a sweet little poem to read from the unique perspective of a
1st grader comparing a HSC to himself.
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When we see a HSC on the beach, a common first impression is of a
bulky, bizzarely‐constructed, tank‐like creature, awkwardly
blundering about the shoreline.
But that hard domed shell certainly has provided a strong and
sheltering structure in terms of protecting the various appendages
lying underneath.
One of the other key developments in the emergence of the HSC
from its trilobite ancestors was the fusion of the abdominal
segments into that one‐segmented opisthosoma (midpiece), with
evolution of the strong hinge between the front and back parts of
the shell allowing for wide flexibility of movement.
This in turn allowed the HSC to develop this deeply vaulted
undersurface in which the book gills and other key body parts are
hidden and protected.

19

We mentioned before that the HSC is often described as a simple,
primitive animal that “hasn’t changed” in hundreds of millions of
years.
Upon closer inspection, it’s really evolved a very functional and in
some ways, elegant anatomy. If you think about it ‐ though its basic
body plan appears to have held steady ‐ for the HSC to be as
successful as it has for so long ‐ at finer anatomical and physiological
levels, it must be evolving very well.
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Although the structures of the HSC do appear at first glance simple and
primitive, one of the neat things you grow to appreciate from studying
this animal, is how very well it makes use of what it has.
Thus almost every structure has multiple functions built into them, many
of them bridging across wide aspects of its biology and ecology.
The walking legs, for example, are not just for walking. At one end the
small claws, which are loaded with chemosensory receptors, are used in
food location and gathering. At the other end, strong spines at the base
of the legs, play a key role in softening and conditioning the food as it
passes into the mouth and on to the esophagus.
Another example are the operculum and book gills – although of primary
importance to respiration, they also aid in locomotion (via a flapping
motion that enhances HSC swimming and scuttling) and reproduction (by
housing the gonopores on the operculum and through flapping of the
gills to create currents that wash sperm over eggs during spawning.
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One of my favorite examples of HSC function to structure multiplicity is in the adaptations
shown in the hindmost pair of legs – called the ‘pusher legs’. Notice the spatulate
structures at the tips of the pushers. These are not only well adapted for pushing or
digging in the sand or mud, but also assist the HSC in moving (touching down and pushing
off as they scuttle along the bottom). If that’s not enough, the modified pusher leg tips
are also used by the female to mold eggs she lays into snowball‐like clusters for burying.
Note the strong spine on the base of each pusher leg. Dr. Carl Shuster, the world’s leading
authority on Limulus, calls these “nut crackers”. When an HSC catches a clam (one of its
favorite foods) it works the muscle that opens & closes the clam shell back & forth against
these spines until it weakens it enough to open the clam; then it eats the soft parts inside.
Then there’s this special little structure on the base of the pusher leg – called the
flabellum. That little piece of anatomy alone features over a million sensory receptors!
Given its close proximity to the book gills, it’s thought that the flabellum is important in
directing the flow of water over the gills as well as in monitoring the condition of that
water, perhaps including receptors for oxygen, CO2, chemosensory, and other inputs.
Indeed if one takes a microscopic tour of the HSC anatomy, one finds it features millions of
these fine sensory structures, with particular profusions along the spines, claws, shell
edges, and gill surfaces. Yes indeed, the HSC is much more tuned in than one might think!
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You might have read or heard somewhere that HSCs have 10 eyes.
This is a bit of an oversimplification too, but it is true that HSCs have
a variety of visual organs, which can be associated with 10 discrete
locations along the HSC shell.
3 of these areas are only visible in early stage of life HSCs, and 3 of
the other areas represent microscopic “photosensory receptors”
(not true image‐forming eyes) that can only be recognized by an
expert through a microscope.
But there are two pairs of eyes that can be readily seen on the top
of the HSC shell by the naked eye of amateurs such as us.
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The most obvious of these are the large lateral (compound) eyes. Like the eyes of a
dragonfly, they are made up of hundreds of facets (almost a thousand in an adult
HSC) – the number increasing with each successive molt to adulthood – providing a
wide field of visual information to the animal about its surrounding environment.
The seeing cells in the HSC’s compound eye are 100 times larger than the vision cells
in human eyes, making it a great model organism for studying how vision works
(resulting in those 3 Nobel Prizes alluded to in the caption above).
The Median eyes are much smaller, sitting on either side of the spine at the very
front of the HSC shell. These eyes detect levels of ultraviolet light reflected from
the moon and stars. This allows them to send messages to the brain to adjust the
sensitivity of the lateral eyes to light by as much as a million times at night, enabling
the HSC to see as well in total new moon darkness as it does in bright sunlight.
Photoreceptors in the HSC tail (which can’t be seen with the naked eye, but are
observable in dissection via connection to nerves) help in maintaining the HSC’s
circadian (24‐hour) clock, enabling it to adjust its day/night rhythms accordingly.
The function of the ventral eyes ‐ which are embedded in the shell above the mouth
on the HSC’s underside (also not visible to the naked eye) – is less well known, but
probably enable the crab to detect light and dark levels when it is flipped over.
environment.
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I’ve seen educators using these little kaleidoscope gizmoes to show
children how an animal like the HSC with a compound eye might see
the world in all these fractionated multiple images.
This is simply not true! Although each of the hundreds of facets of
the HSC compound eye forms its own image, the brain of the HSC
combines all these views & forms them into one integrated image.
This is true of all animals that have compound eyes.
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Here’s another thing you may have heard about horseshoe crabs.
Although juvenile crabs of both sexes tend to look the same on the
surface, in the last molt to adulthood, male crabs acquire features
that make them easy to distinguish from females.
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One of the best ways to tell is to look at the front pair of claws. Male
Limuli have a specialized set of boxing‐glove shaped claws (unlike the
other scissor‐like claws on its other legs and on all the legs of female
HSCs). This claw is used to clasp on to the back of the female for
spawning (as shown in the picture at lower left).
Note that males of the Asian species. have two pairs of clasping claws,
suggesting that they really like to latch on and hold on to their females
when they find them. It’s been suggested that these Asian males hook
up with females some distance from shore and stay attached to a female
for longer periods, with single‐pair mating being the norm (in contrast to
Limulus where multiple males often fertilize a single female’s eggs).
So Limulus appears to have a less efficient clasping system, but a more
energy‐saving system, by coming ashore and awaiting the females. This
results in multiple males per female participating in spawning.
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Any way you cut it, the spawning of HSCs is a fascinating, ancient
ritual to see, and Delaware Bay is the best place in the world to see
it in mass!
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One thing is clear about the spawning activity of male HSCs. When they
are on the beach in the spawning frenzy they can get pretty excited,
which sometimes leads them to make some interesting choices. Many of
us have had males show interest in our boots when we’re surveying
them at the water’s edge. The series of photos above show some
examples of these male tendencies.
In the photo at top left, one of Dr. Brockmann’s grad students has placed
concrete models of female HSCs on a spawning beach, and found that
they quickly attracted males to attach to them.
The photo at top right shows a male attaching to another male that
happens to be dead!
The lower left photo shows, well … a male hooking up with a frisbee
(after all it is dark‐colored, round, and around the size of a female shell!)
And the best of all, this excitable male latched himself on to the back of a
diamondback terrapin shell!
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Another very special thing about the spawning of HSCs on Delaware Bay,
is that the products of their efforts play a critical role in the life cycle of
some other very important and interesting animals.
The big story here is the shorebirds (more on that to follow), but in
addition to feeding them, HSC eggs and larvae represent an important
food source for many other estuarine animals, including: all sorts of
fishes, eels, terrapins (exacting a bit of revenge!), blue crabs, and more …
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But the real star of the show in terms of relying on the bayshore
banquet of HSC eggs available on Delaware Bay beaches each May is
this little guy. It is a migratory shorebird called the red knot, about
the size of the robin, and the story of its life is one of the most
remarkable and amazing in the animal world.
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Each year in early May, red knots leave their wintering grounds down near the tip of
South America (in Argentina and Chile), to begin an incredible 20,000 mile annual
migration. Flying over continents and oceans, sometimes several days and
thousands of miles without resting, on their way to Arctic nesting grounds, these
birds stop in only a few places along the way to rest and feed.
Delaware Bay is one of the key stopover areas, and if conditions are right, the knots
will get there in time to take advantage of an abundance of excess HSC eggs that
have been brought up to the surface of the beach by mass spawning. For two
weeks straight of frenzied feeding, the knots (along with other migratory shorebird
species) will strive to double their weight (which when they arrive in Delaware Bay
after their long migration had been burned down to bone, skin and feathers) to
fatten them up for their next leg of the migration up to the Canadian Arctic, where
they will nest to reproduce their own young.
These birds are sometimes called ‘moonbirds’, reflecting the fact that some of them
– through banding and resightings) are known to have made this 20,000 mile
annual migration each year for more than 20 years, meaning they have flown an
equivalent distance in their lifetimes of to the moon and back!
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But HSCs are important to other species on the planet as well, and that includes us.
The story of horseshoe & human connections is a fascinating one as well, as these images
portray. Many of these are derived from a weekly googol alert on HSCs, which brings various
(sometimes wacky) stories and images from around the world.
The upper left photo shows masses of HSCs being stockpiled to dry along Delaware Bay in
the early 1900’s for grinding into fertilizer (a huge business for over 100 years on Delaware
Bay that ended in the 1970’s). The photos at right are of HSCs being bled for biomedical use
and collected for bait (a bit more on both uses to come later)
The HSC tattoo photo was posted on the web from a man in the Yucatan.
Below that shows Buddhist monks from around he Northeastern U.S. gathering on a
Delaware Bay beach for an annual “blessing of the horseshoe crabs” event
The photo next to it shows a HSC being served up for dinner in Thailand.
Above that is an example of Cape Cod artist Greg Vaughan’s painted HSC artwork
(www.vaughanarts.com/krabs.htmlHSC art).
The middle image is from a flyer for the annual Peace, Love & HSCs festival on Delaware Bay
(near Slaughter Beach, DE).
The lower right image shows a giant 56’ HSC model at a Baptist churchyard in Ohio.
Fundamentalist Christians view the HSC as an argument against evolution (and for intelligent
design), since it appears not to have changed in appearance thru the ages.
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As those pictures suggest (and there’s a lot more where those came
from) this is the stuff of a whole other presentation …
But for now just a few quick highlights of how humans relate to
HSCs in various parts if the world …
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In parts of Asia, a long tradition of human connection to HSCs is evident. In
Japan, HSCs are a revered cultural icon, appearing on postage stamps (lower
middle photo), road signs & various other public places. They even have a
special museum (upper left photo), shaped like, and dedicated to, the HSC!
But perhaps Japan also values their HSCs because so few remain there.
Extensive dikes and bulkheads along Japan’s shorelines have eliminated many
of the native spawning beaches. The small beach at Imari (featured in the
upper right photo) was jettied to protect a fleet of fishing boats. It is now a
national shrine for the endangered Japanese HSC, Tachypleus tridentatus.
The photo shows as large group of school children who’ve assembled to await
the arrival of a lone pair of spawning HSCs and to hear a dedication speech by
estemeed Japanese HSC authority Dr. Sekiguchi (on left, on beach).
Lower right: American HSC experts, Dr. Carl Shuster & Dr. Mark Botton, at a
Japanese monument to HSCs
The piece in the lower left (by eccentric New York artist Takeshi Yamada)
displays a popular and impressive form of HSC‐related art from Japan – the
painting of an HSC shell to represent a Samurai warrior helmet. This reflects
the Japanese mythology that – when Samurai warriors died in battle, their
souls were embodied in an HSC shell, forever roaming the ocean floor.
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But all is not so fine for HSCs In Southeast Asia, unless one considers
eating them a form of fondness. In Malaysia, Thailand and parts of
Indonesia, HSCs, and particularly the eggs, are a culinary delicacy.
Interest in eating HSCs is so keen in some places that restaurants
specializing in serving HSC dishes, such as that pictured from Malaysia
(upper right photo), are not uncommon.
The lower left pic shows HSCs being grilled on the beach in Thailand. It
should be mentioned here that there have been reports of tetrodotoxin
poisoning resulting in illness and even death from dining on HSCs in
Southeast Asia, presumably as a consequence of accumulation of red‐
tide origin poisons in the digestive tissues of HSCs (which are consumed
in the appealing mix of eggs, hemolymph and associated glop).
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But there is also good news for HSCs coming out of Southeast Asia as well.
This series of photos reflects some real outstanding work being done in varius
countries engaging children in hatching, growing, caring for, and ultimately
releasing HSCs in places where populations are suffering.
The photo at upper left shows students from Singapore collaborating in HSC
rescue and research on the Mandai mudflats and mangroves. This project
immerses students at various grade levels in "muddy hands‐on" and "out of
the comfort zone" searching for crabs, and in scientific measuring, identifying,
marking, recording, and releasing them back into the mangroves. Students
may also assist with data analysis to help assess population size and density.
The other two photos show students from Hong Kong (lower left) and Taiwan
(right) holding and releasing HSCs they’ve hatched and grown in the lab back
to the natural habitat. Scientists and educators in both countries have
developed highly successful approaches to HSC culture, great accompanying
classroom activities, and excellent use of the media to celebrate the
outcomes of their collective HSC conservation efforts.
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There’s also an interesting body of folklore on how HSCs are used and viewed in southeast Asia.
Along the northeast coast of India, some tribes still use the tail piece for relief from different
types of pain. They tie the tail on their arms or prick their forehead with it. It’s also been
reported that HSC tail tips have been used for healing arthritis or other joint pains and are sold
for such by faith healers in West Bengal India. Also in India, the dead carapace is boiled with
mustard oil and used for treating rheumatic pain.
In China, people use the large carapace of T. tridentatus as a hat or as a ladle for cooking. The
tail is used to make small ornaments. In Korea, fishermen sell hundreds of dried HSCs as
decorative pieces to tourists.
In Singapore, Malaysia, and Borneo, HSC eggs are regarded as a delicacy. People in the southern
part of China blend the meat of the appendages with sauces and eat it as part of everyday food.
Pregnant women in Singapore are said to eat the egg mass for immunity for their fetus.
Fishermen in Southeast Asia also advocate that eating HSC eggs and meat can prevent and heal
infectious red eye disease.
The piece in the lower right, entitled, Kabutogani‐no‐chigiri, uses the coupling of HSCs to
symbolize the loving, caring, committed relationship between husband & wife. This is also
reflected in the Malay proverb Macam belangkas (like HSC) to describe 2 people who are always
together. In present day China, Taiwan and Hong Kong, HSCs are featured in big celebrations
around Chinese Valentine’s day in August.
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Although we lack written history on early native American’s use of
Limulus, what we do know suggests that they were used in various
ways …
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Although HSCs in this part of the world are not viewed as edible fare
today, it is thought that Native Americans probably consumed them in
lean times.
It’s also been speculated that Native people used HSC shells for various
tools, including the prosoma for bailing out canoes and as a blade for
hoes, and possibly the sharp edged telson as a tip for fishing spears.
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It is also thought that the Natives taught early settlers how to use dead HSCs as
compost for their gardens. By the late 1800’s ‐ when soils on the Delmarva
peninsula had already become severely depleted by heavy agricultural activity ‐
this use of HSCs grew into a huge fertilizer industry. HSCs were collected by the
millions, stacked high to dry over miles of Bayshore beaches, and transported to
plants where they were ground into a fertilizer meal called ‘cancerine’. For a
century or so – from the mid 1800’s to the mid‐1900’s, this industry harvested
more than a million crabs annually from the beaches of Delaware and New Jersey!
HSC eggs were so plentiful on Bay beaches at this time they were shoveled up by
the wagonload to use as feed for chickens and hogs.
There is even a report of a Bayside road in NJ where spawning crabs were so dense
that they were plowed into the structure of the road bed for resurfacing.
Fortunately, development of more tolerance and better appreciation for HSCs
through the 1970’s and later, resulted in discontinuing such uses. That and the
development of less‐smelly chemical fertilizers negated the need to kill and use
HSCs in mass. This enabled the population to gradually rebuild in Delaware Bay.
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Meantime, in another area of the East Coast of the U.S., HSCs were
viewed as nuisance animals by people who competed with them for
a favored food item – clams. As you can see from the information
provided in the slide, HSCs were so much viewed as enemies by
those who made their livelihood in clamming, that bounties were
placed on HSCs requiring them to be killed on sight!
Fortunately, this aspect of human connection to HSCs is no longer in
practice today, as recent efforts to promote greater awareness and
appreciation of HSCs on Cape Cod (and other parts of the U.S.) have
resulted in a much more tuned‐to‐conserving rather than getting‐
rid‐of approach to our relationship with these animals.
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But then around the mid to late 1980’s ‐ just after the HSC populations were
rebounding from fertilizer use on Delaware Bay – another human use for dead
HSCs came into play. At the time, previously profitable coastal fisheries for cod,
haddock, scallops and other traditional seafood products had became depleted
and strongly regulated, prompting commercial fishermen (looking for ways to
keep themselves in business) to find new fisheries from which to make a living.
Two such opportunities arose in markets overseas for eel and conch (or whelk) ‐
both of which utilized adult HSC’s as the bait of choice. By the mid 1990’s, tractor
trailers from as far away as the Carolinas & New England were lining up along the
roads to Delaware Bay beaches to load up on easily harvested spawning HSCs.
At 50 cents a male and a dollar a female, and with no regulations in place, anyone
with a pickup truck could make as much as a thousands dollars a day picking up
crabs and selling to the trucks for use coastwide.
The controversy that ensued pitting the birders and environmentalists against the
crab harvesters and users soon boiled up in the media, public perception and
political arena, and has been contentious ever since. This controversy is still going
two decades later, with the recent listing of the red knot as a threatened species in
the U.S. further fueling the debate.
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We developed this graph a few years back for a presentation at the 1st
International conference on the HSC on Long Island. Interesting to see
what an HSC (in this case Limulus) was/is worth for different uses at
different times, from the early fertilizer use in the 1800’s to its present
day value to the bait and biomedical industries.
Fortunately, such regulations are hardly practiced or enforced today, as a
much more enlightened view of the value of HSCs has grown in that part
of the world.
At least part of that view is fueled by the incredible story of what HSCs
have come to mean to our own human health …

44

The image shows horseshoe crabs (HSCs) being bled in a biomedical laboratory. Notice that
the needle has been inserted through the middle (hinge) area of the HSC and into its heart.
The HSC heart doesn’t pump like a human heart, so inserting the needle into it does not kill
or cause serious harm to the crab. Reports vary widely on both the volume and percentage
of blood (properly call hemolymph) that is drawn from a HSC in biomedical bleeding.
Typically, the larger the crab, the more blood it holds. Most accounts put the volume of
blood taken to be about 100 ml on average (a small coffee cup’s worth), corresponding to
about 25‐30% of a HSC’s total blood volume. So, the amount of blood shown in each bottle
in the picture above is not all from one HSC, but the product of bleeding several crabs.
The image at the upper left (of a surgical suture made of chitin) relates to another HSC‐
related biomedical application. This involved use of chitin – the stuff the HSC shell is made
of (and which in HSCs constitutes a highly pure form) – in developing surgical sutures and
burn wrap therapies. Back in the 1970’s, researchers at the University of Delaware
developed a special process to spin pure chitin filaments from HSC shell material. The
patent rights were sold to the Japanese, who developed biodegradable surgical sutures and
burn wraps from them that greatly reduce pain and speed healing time in patients.
Although the chitin source for these products is no longer the HSC (shrimp & other
crustaceans are used), the founding research done w/HSCs made it all possible.
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Upshot of all this for us ‐ you can almost guarantee that anyone watching this slide
show has benefited in some way, or will benefit at some time from, the biomedical
use of HSCs. Some may know that this has something to do with HSC blood, and a
few may have heard that this involves making sure vaccines are safe to use, but
most won’t know about these other materials that also need to be tested with it.
Scientists working in the U.S. over 50 years ago discovered a great sensitivity in the
white blood cells (amebocystes) of Limulus, to gram‐negative bacterial endotoxins
that came make us sick and even kill us. That sensitivity was turned into a material
derived from HSC blood called LAL (for Limulus Amebocyte Lystate or TAL (for
Tachypleus Amebocyste Lysate) that is now the world standard for testing all of the
above pictured medical materials to make sure they are safe to put into humans.
In addition, there are several other instances where LAL may be used to screen or
assess other medicines for potential health threats to humans. An example of
this is testing contact lenses or contact lens solutions suspect in causing bacterial
eye infections, such as keratitis, an inflammation of the cornea (which may also be
caused by fungal or Herpes virus infection). Then there is the screening of tissue
grown to replace the skin of burn victims (to make sure the tissue does not contain
infectious agents) – a process that used to take several days (losing precious time
for healing) that can now be done with LAL in an hour.
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In addition to every man, woman and child near and dear to
us, the health and well‐being of our pets and many other
domesticated animals also benefits from the LAL or TAL test!
As with medicines used in humans, all veterinary injectables
and implantables in the U.S. are tested with HSC blood
product to ensure that they are safe to use.
The reasons for this are the same as they are for humans –
contamination of any veterinary medicines that come into
direct contact with blood and tissue can cause the same kind
of fever, illness and even death reactions in dogs, cats, horses,
etc. as they do in humans.
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In addition to use of HSC blood‐derived product (LAL) to ensure the
sterility of all injectable medicines and implantable medical devices used
in humans, recent research is also finding other potentially life‐saving
biomedical applications from study of the HSC.
A new test for detecting invasive fungal infections is already in use and
saving lives. Recently, researchers in India found that a protein from the
peri‐vitteline fluid inside the horseshoe crab egg promoted stem cell
development, with potential applications in heart and pancreatic tissue
regeneration and organ transplant therapies.
Meanwhile, researchers are finding other potential “wonder” medicines
from the blood of the ancient mariner. This includes: Several classes of
peptides (names like tachystatins, tachyplesins, and polyphemusins)
from HSC blood show capacity for killing a wide array of gram+ and gram‐
bacteria. Study of these compounds is improving understanding of how
antimicrobial peptides work, with potential applications in designing
more effective antibiotic therapies.
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OK, now that we (hopefully) know a lot more about what makes
horseshoe crabs the amazing and important animals they are, let’s
close with one of the beautiful poems contributed by one of our
Young Voices in celebration of this ancient animal.
Hopefully, you’ve learned some things from this presentation you
can take back and use. And hopefully, if you haven’t already done
so, this will inspire you to get out there and witness ‐ wherever you
happen to be in the world or some place you can find a way to get
to ‐ the amazing ancient ritual of HSCs coming in to shore to
complete their life cycle. If and when you do, I urge you to just let
yourself drink in this spectacle with all your senses in the wonderful
spirit that this little poem offers …
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