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snails became popular, pulling out upwards of six million 
pounds for use as bait each year.3 Today, the commercial har-
vest for eel and snail fisheries is capped at just shy of 790,000 
horseshoe crabs each year.3 

In 1958, a pathobiologist named Frederik Ban was study-
ing the circulation of blood in horseshoe crabs when he noticed 
that one of his crabs died when it was infected with a type of 
gram negative bacteria. More surprisingly, nearly all of the 
blood volume had formed a clotted mass.4 Further research 
into the coagulation of horseshoe crab blood in response to 
gram negative bacteria helped identify the LAL molecule 

responsible, and in the 
1970s, LAL received 
FDA approval for 
endotoxin detection in 
humans.5 Because LAL 
can detect endotoxin 
concentrations at one 
part per trillion, it is 
still the standard for 
testing all intravenous 
drugs, biologicals such 
as insulin and vac-

cines, recombinant drugs, implantable medical devices, and 
increasingly more air and water quality tests.1,5 As such, the 
biomedical and pharmaceutical industries heavily rely on a 
continuous supply of LAL, ensuring that future horseshoe 
crab harvests will continue in order to meet the demand.

BLEEDING PROCESS

In order to obtain LAL from their blood, the horseshoe 
crabs must first be captured by nets that trawl the sea floor. 

Following their collection, the crabs are placed in containers, 
transported to a facility, injected with hypodermic needles 
in the membrane surrounding their heart, and after having 
anywhere from 50 to 400 mL of blood removed, are released 
back into the ocean twenty-four to seventy-two hours after 
the harvest.1,6 While this process has been systematized for 
several decades, the understanding of the impact it has on 
the horseshoe crab is far from complete. Though the major-
ity of the horseshoe crabs are released back into the water, 
anywhere from ten to thirty percent do not survive this pro-
cess, and the Atlantic States Marine Fisheries Commission 
(ASMFC), the governing body responsible for the manage-
ment of the American horseshoe crab, does not record any 
further deaths after their release.3,6 Furthermore, deaths due
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IF YOU’RE STILL AROUND TUFTS DURING MID-
May to June, spend a day and drive to the beaches sur-
rounding Pleasant Bay, Massachusetts. Less than two 

hours from campus, these cape beaches boast beautiful salt 
marshes and are a popular summer getaway. However, dur-
ing the short time between the May and June full moons, a 
mysterious, prehistorically armored creature crawls out of the 
ocean in vast numbers, lining the beaches in order to mate 
and lay their eggs. Barely unchanged for more than 200 mil-
lion years, the American horseshoe crab (Limulus polyphe-
mus) is actually more closely related to scorpions and spiders 
than crabs. Encased in 
a pointy exoskeleton 
and equipped with 
nine eyes and ten legs, 
the horseshoe crab is 
not actually dangerous 
at all. In fact, its most 
impressive feature is 
what lays on the inside. 

With an open cir-
culatory system and 
no adaptive immune 
response, the horseshoe crab has survived thanks to a special 
type of blood cell, known as an amebocyte. When an endo-
toxin, a toxin found in bacterial cells, comes into contact with 
their unique blue-colored blood, the amebocytes release a 
defense molecule known as Limulus amebocyte lysate (LAL) 
which coagulates the blood and immobilizes the pathogen.1 
While it has been used for millions of years by the horseshoe 
crab, the compound has only recently become a biomedical 
superstar. However, the only way to harvest LAL is through 
bleeding, and every year this process removes more than 
550,000 horseshoe crabs from beaches like Pleasant Bay.1 
For years, the continued extraction of a species we know 
little about has resulted in its population decline. This pro-
cess, when compounded by the impact of the fishing indus-
try and habitat fragmentation, means the horseshoe crab and 
the numerous species that depend on it, ourselves included, 
could be in trouble.

BACKGROUND

While it may be prized for its blood now, our desire for 
the horseshoe crab goes all the way back to the 1800s. 

From the 1850s to the 1920s, millions of horseshoe crabs were 
collected every year and ground up to produce plant fertil-
izer and feed livestock.1,2 After the development of alternative 
fertilizers, horseshoe crabs were not heavily harvested again 
until the 1970s when their use as bait to catch eels and sea 
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to the initial capture of the crabs are also not recorded, with 
the ASMFC citing an “unknown” rate of discard mortality 
after catch.3 

Since only a partial amount of blood from the horseshoe 
crab is necessary, ideally all collected crabs made to bleed 
should be left unharmed, as is the case with human blood 
donations. So, why then is there a surprisingly large number 
that do not survive? There is no single answer, but instead 
several factors that address each step of this multifaceted 
bleeding process. One major component is transportation. In 
the water, horseshoe crabs breathe through their gills, supply-
ing oxygen to the tissues and moving carbon dioxide into the 
surrounding water.1 However, when transported out of water, 
they are not able to as efficiently remove carbon dioxide from 
their systems, resulting in a carbon dioxide buildup that alters 
their blood pH and can lead to severe metabolic acidosis as 
well as a lack of oxygen, both of which have been shown to 
decrease survival in other marine organisms.1 Furthermore, 
horseshoe crabs are stacked in bins during transport, causing 
crabs to be crushed and impaled under the weight of others.1 
Despite these contributing factors likely having a significant 
effect on survival, biomedical facilities only estimate mortal-
ity for the entire bleeding process and do not directly address 
the transport mortality rate.1,7 Not fully understanding the 
direct impact transportation has on the horseshoe crabs pre-
vents an accurate response to addressing future measures 
aimed to reduce transport mortality. 

Once the surviving crabs are transported to the biomedi-
cal facility, the next step is the actual process of extracting the 
horseshoe crab’s blood. Since only thirty percent of the blood 
can be removed at one time, there is a prejudice towards larger 
crabs from whom a greater volume of blood can be extracted.8 

Additionally, the biomedical industry restricts harvest to 
larger sized crabs in order to prevent juvenile harvest.8 Female 
horseshoe crabs are about a third larger than male crabs and 
are thus harvested at greater rates. In some cases, up to sev-
enty-five percent of harvested crabs are female.6 These selec-
tive harvests are thought to cause the disproportionate male-
to-female ratio in the local environment and contribute to the 
observed population declines. In Pleasant Bay, the ratio has 
been observed as high as fourteen males to a single female, 
deviating greatly from the natural ratio of two males for every 
female and demonstrating that female crabs are being har-
vested at disproportionately high rates.6,8 

While this warped ratio is a cause for concern, the prob-
lem is exacerbated even more when considering the effects 
of blood extraction. Recently, researchers investigated the 
potential effects bleeding might have on the horseshoe crab’s 
behavior. In the experiment, after extracting thirty percent of 
the blood volume, which is the same amount collected by the 
biomedical industry, researchers found that seventy percent 
of the blood protein was lost.6 Moreover, even six weeks after 
the crabs were bled, they still had a lower concentration of 
blood protein than crabs that were not bled.6 This reduction 
in blood protein was associated with a reduction in overall 
activity, expression of tidal rhythms and spawn failure.6 Simi-
lar to the lethargic feeling that arises when we donate blood, 
bleeding alters the behavior of the horseshoe crab, which can 
have severe consequences. Since the majority of horseshoe 
crabs harvested are female, the bleeding could greatly affect 
their ability to respond to the tidal rhythms used to mate and 
produce eggs.6 Additionally, because collecting the crabs is 
easiest when they are on the shore laying their eggs, bled crabs 
that are released back into the ocean may delay their spawn-
ing or miss the spawning season altogether, potentially taking 
up to six weeks to recover.6 While biomedical facilities assure 
that horseshoe crabs are released within seventy-two hours 
after their capture, they do not monitor the crab’s health after 
bleeding. As a result, we have little understanding of how this 
bleeding may affect horseshoe crab behavior and their ability 
or inability to contribute to the next generation.

ADDITIONAL THREATS, DEMAND, MANAGEMENT, 
AND THE SEARCH FOR ALTERNATIVES

While impactful, the biomedical industry is not the only 
source of human concern with respect to the future of 

the horseshoe crab. In recent years, crabs harvested for bait 
have outnumbered biomedical counts, and the fishing indus-
try also selectively harvests more female crabs than males.1,8 

Furthermore, rapid urbanization in many Atlantic coastal 
regions where horseshoe crabs reside has contributed to 
habitat destruction.2 While not yet understood for the horse-
shoe crab, other coastal marine species have declined due to 
habitat modification, and this trend is also suspected to have 
adverse effects on crab spawning.2 Future climate change is 
also suspected to reduce horseshoe crab populations, and 
models predict horseshoe crab genetic viability to be very low, 
further decreasing populations due to human activites.2 Thus, 
in order to address the sustainability of the horseshoe crab, we 
must consider the overall impact of human activity, not solely

Image Caption: A horseshoe crab bled at the Charles 
River Laboratory in Charleston, South Carolina.
Image Source: Audubon
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the biomedical industry. 
Horseshoe crabs are without a doubt critical to both 

human health and industry. However, we are not the only 
ones who rely on them. As with other keystone species, 
horseshoe crabs are central to their environment. They influ-
ence the sediment composition, control many populations 
of invertebrates, and serve as a food source for many marine 
fish and animals.1 For example, the threatened Loggerhead 
turtle is the most common predator of adult horseshoe crabs, 
and its large decline in the Southern Atlantic is thought to 
be due in part to the decrease in horseshoe crabs.2 Millions 
of migratory shorebirds also depend on the horseshoe crab’s 
eggs to fuel their mass migrations from South America to 
their breeding grounds in the Arctic.2 The birds time their 
stopovers in tandem with horseshoe crab spawning, and as 
a result, a reduced number of eggs can have a severe impact 
on the bird population. For instance, a threatened subspecies 
of the red knot has one of 
the longest migrations in 
the animal kingdom, and 
nearly the entire popula-
tion converges in Dela-
ware Bay in order to refuel 
on horseshoe crab eggs.1 
From 1980 to 2014, the red 
knot population decreased 
by seventy-five percent 
following the increase in 
horseshoe crab harvest-
ing.1,9 Within this period, 
the majority of red knots did not reach their target weight 
before continuing their migration, with researchers attribut-
ing this trend to both the over-harvesting of horseshoe crabs 
and erosion of beaches in Delaware Bay.9 Our harvest behav-
ior reveals a lack of understanding of the degree to which the 
horseshoe crab impacts its environment, and only when we 
fully consider the collective demand from both humans and 
other species will we be able to respond to the endangerment 
of the horseshoe crab. 

Although many aspects of horseshoe crab health have 
yet to be addressed, since its implementation in 1998, the 
ASMFC has provided some degree of management. In 2000, 
state-by-state quotas were mandated for horseshoe crabs 
harvested for bait, and in 2004 and 2006 these quotas were 
further reduced.3 Furthermore, in the last three fishing sea-
sons, harvest in the Delaware Bay has been reduced to only 
500,000 males.3 While increased conservation efforts are in 
effect, the ASMFC primarily focuses on Delaware Bay, which 
has led to an increase in both biomedical and bait harvests in 
other areas such as Pleasant Bay, offsetting their population 
growth.1 Moreover, while the ASMFC has focused on bait 
fishing, no specific management of biomedical harvesting has 
occurred other than quotas.3 In order to maintain and expand 
all horseshoe crab stock, management must not only reflect 
the demand of the fishing industry, but it must also consider 
all sites where harvesting occurs. 

With limited conservation efforts and an increasing 
demand for biomedical use, a more sustainable alternative 

to LAL is urgently needed. Before LAL became the standard, 
most pharmaceutical and medical companies used the rab-
bit pyrogen test to identify the presence of endotoxins. This 
test was soon phased out due to its expense, time necessary 
to obtain results and the ethical issues of using rabbits, allow-
ing for the rapid adoption of LAL.1 Thus, there is hope that 
a future test will, like the rabbit, phase out the need for the 
horseshoe crab. One alternative is the monocyte activation 
test, which uses monocytes in humans to identify contamina-
tion.1 However, the current test lacks the needed sensitivity 
and is too time consuming to be effectively implemented.1 
Furthermore, the biomedical industry has been reluctant to 
invest in alternative tests due to the complex validation proce-
dure required and the established current manufacturing pro-
cesses, both of which have been in work for 40 years.1  While 
we can hope for a future LAL replacement, in the meantime 
we must actively address current LAL extraction. 

CONCLUSION

The latest ASMFC 
assessment of horse-

shoe crab abundance was 
in 2013; abundance had 
increased in the Southeast, 
was stable in the Delaware 
Bay region, and decreased 
in the Northeast. Yet, the 
ASMFC also notes that 
the status of the horseshoe 
crab stock is ‘unknown’.3 

This ambiguity from the governing body responsible for the 
management of the horseshoe crab highlights how little we 
know about this species. From harvest to release, the crabs are 
subjected to a systematized process solely focused on blood 
extraction, despite research suggesting that nearly every 
aspect of this process can severely impact the crab’s ability to 
survive and reproduce. Furthermore, many of these factors 
can be improved upon with greater understanding and mea-
sures of health throughout the process. However, the ASMFC 
does not currently act as the catalyst for such changes to occur. 

Horseshoe crabs provide the backdrop for one of the 
most interesting marine management issues. Contested by eel 
and snail fisheries for bait, the biomedical industry for drug 
and vaccine testing, and the many species that rely on them 
for food, the role horseshoe crabs play is essential. The chal-
lenge of the ASMFC is to balance these diverse needs so as 
to ensure the continued health of all involved, including the 
sustainability of an underrated species that has survived every 
mass extinction for the past 450 million years. As of today, the 
ASMFC is currently reassessing horseshoe crab stocks, with a 
report expected in spring 2019, but the International Union 
for the Conservation of Nature predicts at least a thirty per-
cent decline in the next forty years.1 So, if you do get a chance 
to spend a day in Pleasant Bay, keep an eye out for the horse-
shoe crab, as your life may just depend on it.

“Contested by eel and snail 
fisheries for bait, the biomedical 

industry for drug and vaccine 
testing, and the many species that 

rely on them for food, the role 
horseshoe crabs play is essential.”
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