
Horseshoe crabs 
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Bowers Beach, 
Del. (1928). Photo 
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Public Archives

Horseshoe crabs have been called by many names: 
ancient mariners, helmet crabs, and living fossils. 
Gracing our planet for more than 350 million 

years, they have been extremely resilient to changes in water 
conditions, climate, and human use. Once harvested en masse 
to be spread as fertilizer for Delaware’s extensive corn and 
soybean crops, horseshoe crabs are now used in biomedical 
applications, and even more recently, as bait for regional eel  
and conch fisheries.

Horseshoe crabs were once so plentiful in Delaware Bay 
that they were considered a nuisance for fishermen and 
beachgoers alike, but their numbers dropped considerably 
by the early 1990s. While the exact reason for the population 
decline was unknown, concerns grew over their increasing 
use as bait for regional eel and conch fisheries. Between 1975 
and 1983, bait-related fishing mortality was estimated to be 
350,000 horseshoe crabs per year, or 8–15 percent of the total 
population (Botton and Ropes, 1987). In 1998, more than 
2.7 million horseshoe crabs were harvested coast-wide to 
meet the bait needs for commercial fisheries (ASMFC, 2006). 
Compared to some traditional baits, horseshoe crabs were easy 
to harvest. Bait collectors walked along the beaches scooping 
up hundreds of nesting horseshoe crabs or dredged the bay 
as the horseshoe crabs came in to spawn, quickly filling their 
harvest quotas.

Saving the Horseshoe Crab: 
Designing a More Sustainable 

Bait for Regional Eel and  
Conch Fisheries

by Kirstin Wakefield

If horseshoe crabs have always been found in Delaware 
Bay, what’s the big deal about using them for bait? 

	 From an ecological perspective, Delaware Bay is the 
second-largest stopover on the East Coast for migratory 
shorebirds, for one key reason: Their arrival coincides 
with horseshoe crab nesting on the beaches. The small, 
greenish eggs are loaded with protein, providing an 
energy-rich fuel source for the birds’ long flights north. 
Studies have shown that horseshoe crab eggs are a 
primary food source for the red knot; the weight of each 
bird nearly doubles during their two-week stopover in 
Delaware Bay (Niles et al., 2007). Downward trends in 
red knot population counts coinciding with increases 
in harvests of egg-laden female horseshoe crabs have 
prompted the U.S. Fish and Wildlife Service to consider 
listing the red knot under the Endangered Species Act. 

	 From a biomedical perspective, the chemistry of the 
horseshoe crab’s blue blood has led to some amazing 
advances in medical technology. Many prosthetic 
devices, injectable drugs, and intravenous devices are 
tested for bacterial contaminants before they even leave 
the production facility. The basis for this test is LAL, or 
limulus amoebocyte lysate, a compound that is only 
found in horseshoe crab blood. 

	 From a physiological perspective, horseshoe crabs are 
slow to reach sexual maturity; it takes between nine 
and 12 years until a horseshoe crab’s eggs are ready to 
be fertilized. Even though a female may lay as many 
as 90,000 eggs each year, only about 10 will survive 
to adulthood (ASMFC, 2010). So, the effects of such a 
heavy, sex-selective harvest would not be fully  
realized for a decade or more. 



As annual horseshoe crab 
harvests for the fishing industry 
soared and annual counts 
of juvenile and spawning 
horseshoe crabs began trending 
downward, conservationists 
urged New Jersey and Delaware 
state governments to protect 
the Delaware Bay horseshoe 
crab population. In addition 
to creating the first horseshoe 

crab reserve—a 30 square-mile no-take area at the mouth 
of Delaware Bay—scientists from the Delaware Department 
of Natural Resources and Environmental Control (DNREC) 
and the New Jersey Department of Environmental Protection 
(NJDEP) recommended bay-wide limits on horseshoe crab 
harvest for the bait fisheries. In 2001, annual harvests were 
capped at 25 percent of the reference period landings for each 
state along the Eastern seaboard. New Jersey and Delaware 
ultimately banned the harvest of female horseshoe crabs 
in 2006 and limited the harvest of male horseshoe crabs to 
100,000 per year (Figure 1). 

Can a Sustainable Alternative Bait Be Found? 

At a fisheries workshop in the 1990s, University of Delaware 
researcher Nancy Targett listened to Delaware fishermen say 
that eel were overwhelmingly attracted to pots baited with 
female horseshoe crabs. This was especially surprising as 

horseshoe crabs are not a natural prey for eel. While fishermen 
had tried many other baits including herring, blue crabs, surf 
clams, and shrimp heads (Manion et al., 2000), none were as 
effective as the egg-laden female horseshoe crab. 

A marine chemical ecologist, Targett studies the chemical cues 
that help plants and animals communicate underwater. While 
mulling over the conversations she had with the fishermen, 
she pondered whether a specific chemical cue that naturally 
occurs in horseshoe crabs could be responsible for attracting 
the eel. If that “scent” could be identified, could it then be 
bioengineered for use in an artificial bait? The mystery of the 
chemical message combined with intensifying restrictions on 
horseshoe crab harvests spurred Targett and her research team 
to investigate a more environmentally sustainable alternative 
to horseshoe crab bait. 

Untangling the Chemical Cue

Partnering with scientists at DuPont and the Delaware 
Biotechnology Institute, Targett’s research lab embarked on 
a journey to identify the unique chemical cue in horseshoe 
crabs that attracted eel and conch. They used a combination of 
chemical separation techniques and laboratory-based animal 
assays to identify potential candidates for the scent. The most 
effective of these techniques was differential detection. 

In this chemical separation technique, tissue samples from 
female horseshoe crabs were extracted in several solvents to 
tease apart the attractants from other components normally 
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NJ and DE enforce harvest 
quotas : 25 percent reduction
in landings required by law. 

First horseshoe crab 
reserve created at the 
mouth of Delaware Bay. 

Collection of female 
horseshoe crabs banned in 
Delaware Bay.

Figure 1. Horseshoe crab 
landings in the Mid-Atlantic 
and Chesapeake regions 
(1970–2011). Landings data are 
reported to NMFS in millions 
of pounds harvested per year. 
Mid-Atlantic States include NY, 
NJ, DE, MD, and VA.  

A clutch of horseshoe crab eggs 
collected from Port Mahon, 
Delaware. Photo credit: Kirstin 
Wakefield



found in the crabs’ tissues. After each extraction step, tissue 
samples were mixed into a bait formulation and tested on eel 
and conch in the laboratory. 

For each laboratory test, animals were offered a choice of two 
bait types: one prepared with the extracted tissues, called the 
“treatment bait,” and one prepared from untreated tissues, 
called the “control bait.” If the animals flocked to the control 
bait instead of the treatment bait, then the extraction technique 
had successfully knocked out the chemical cue. Figure 2 
illustrates the difference in bait consumed between horseshoe 
crab tissue samples extracted in two solvents: benzyl alcohol 
and chloroform. In this test, nearly 93 percent of the control bait 
was consumed compared to only 30 percent of the treatment 
bait. The results showed that this suite of solvents successfully 
knocked out the scent in the horseshoe crab tissues.

Partners at DuPont compared the chemistry of the biologically 
active and inactive tissue samples using mass spectrometry 
and control/comparison software. More than 100 compounds 
were identified, the most common of which were peptides 
and amino acids. Two amino acids—betaine and homarine—
were found in both the biologically active and inactive tissue 
samples. Their presence in both samples suggested that they 
were not likely to be a key component of the attractant. This 
finding supported previous laboratory bait tests with eel and 
conch. By themselves, neither amino acid mixed in the bait 
formulation attracted eel or conch. 

DuPont scientists also identified an omega-3 fatty acid, 
eicosapentaenoic acid (EPA), that was notably present in the 

biologically active samples but not in the samples extracted 
with solvents. Since this compound is commonly found in fish 
oils and is readily available on a commercial scale, the research 
team decided to test its appeal in eel pots using the methods 
previously described. They mixed the EPA into the bait matrix 
along with a few other compounds that were also common 
among the active samples; however, field tests did not yield 
high catches at different St. Jones River sites. Further research 
is needed to evaluate whether baits impregnated with omega-3 
fatty acids can attract eel and/or conch in the field.
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Figure 2. Laboratory assays comparing consumption of alginate baits by 
conch. Blue bars represent the treatment bait containing horseshoe crab 
(HSC) tissue that had been extracted with benzyl alcohol three or five 
times, consecutively. Yellow bars represent the control bait made from 
untreated HSC tissues. 

Time-lapse photography documents a favorable eel response to alginate baits prepared from horseshoe crab tissues. The white (control) bait has been 
prepared without horseshoe crab tissues; the yellow (treatment) bait contains extracts from horseshoe crabs. Photo credit: Jason Rager



A Formula for the Bait:  
Brown Seaweed to the Rescue!

Paralleling their partners’ quest for the chemical cue, Targett and 
her graduate students fine-tuned an artificial bait formulation. 
The first step was to learn more about what commercial 
fishermen desired in a bait alternative. After discussions with 
Delaware Bay eel and conch fishermen, a few important qualities 
were identified: The bait needed to be commercially available 
and reasonably priced (male horseshoe crabs cost fishermen 
$1.50–$2.50 each, while females cost up to $5.00), require 
minimal refrigeration, and hold up well for several tidal cycles.

Mixing an alginate made from brown seaweed with several 
food-grade chemicals, the scientists designed an inexpensive, 
edible, and biodegradable matrix. The gelatin hardens in 
minutes; no refrigeration is required as it sets. In field trials  
with conch, the baits kept their integrity for four days when 
enclosed in a polyvinyl mesh bait bag. Preservatives, such as 
ascorbic acid, can also be added to prevent bait spoilage  
during longer soak times. 

Horseshoe Crab-Based Bait Recipe 
Not only does it use FDA-approved ingredients, but the bait is so 
easy to make, you can try it at home! All you need is a blender, a 
microwave, a few chemicals, several containers, and the special scent 
or fish product you want to add.  Ingredients can be obtained from 
most major chemical suppliers.

Serves: 20 eel or conch pots
Prep time: 30 min.

Ingredients:

120 grams of alginic acid sodium salt
54 grams of citric acid 
54 grams of sodium bicarbonate (baking soda) 
27 grams of ascorbic acid 
800 ml of a 7.11 percent calcium sulfate (gypsum) solution (0.568 
grams dissolved in 800 ml of water) 
6 liters of water (room temperature)
2 liters of coarsely ground horseshoe crab or other attractant*

Materials needed: 

Food scale, drill blender, two large buckets, large microwavable 
container, microwave, 20 bait cups/containers (about 400 ml total 
volume) 

Instructions:

First, prepare the aginate solution. Pour the citric acid, sodium 
bicarbonate, ascorbic acid,** and 3 liters of water into a large bucket. 
Mix well with a drill blender. In a separate microwavable container, 

heat 3 liters of water on high for 12 minutes. Add the heated water 
to the bucket and mix. Slowly add the alginic acid to the bucket.  
Mix well until everything is dissolved.

To make the baits, mix 6 liters of the alginate solution with 2 liters of 
horseshoe crab tissue or attractant scent in a large bucket. Next, add 
800 ml of the calcium sulfate solution. Mix quickly and thoroughly, 
and immediately pour the mixture into your bait containers. Allow 
baits to harden for several minutes.

If you’re not planning to use the bait right away, it can be stored in 
the refrigerator. Freezer storage is not recommended.

* Permits are required for the collection of horseshoe crabs. Please check 
with your state natural resource agency for more information.

** The ascorbic acid is not required when using ground horseshoe 
crabs as the attractant; you may want to add it if using a combination 
of ground fish or crabs to prevent the bait from changing color or 
degrading more quickly.

A batch of 
horseshoe 
crab-based bait 
ready for field 
tests.  Photo 
credit: Julie 
Anderson

Alginates are polysaccharides, or gums, found in many species of brown algae (kelp). When mixed with water, they form a thick gel that 
can be flavored or molded into a variety of shapes and textures. Widely used in food and medical industries, alginates are the base for 
dental impressions, burn dressings, and even the pimento stuffing in cocktail olives! 

The fronds of brown kelp create an underwater forest for many species 
of fish, crabs, and urchins. They also provide a rich source of alginate—a 
gelling agent used for preparing many foods. Photo credit: Kirstin 
Wakefield



Stretching the Crab: A Solution 

Realizing that the search for a single cue was proving difficult, 
Targett and her team set out to find an alternative for local 
fishermen. Partnering with Dewayne Fox, a fisheries professor 
at Delaware State University, they tested several artificial baits 
made from the alginate matrix. Fox had already established 
baseline data for eel populations in the St. Jones River using 
mark and recapture studies. By comparing catch rates to 
baseline data for the river, the team could determine if the 
artificial bait fished better than traditional baits.

The artificial baits were fished in commercial eel pots at  
40 sites stretching from Delaware Bay up the St. Jones River 
(Figure 3). Because the salinity varied so strongly between  
the mouth of the river (~20 ppt salinity) and the upper river 
(~1 ppt salinity), the river was divided into two sections for 
this study. Three baits (two treatment baits and a control bait)  
were randomly fished at the sites in both sections of the river. 
All baits were fished over a 24-hour period.

The team first compared the artificial bait matrix impregnated 
with horseshoe crab tissues to a positive control (1/2 female 
horseshoe crab) to establish that the alginate-based bait 
formulation could indeed lure eel to the traps. When analyzing 
data from the 40 traps, the scientists found the differences in 
24-hour catch rates were not statistically significant (Figure 
4). Not only did the artificial bait hold up well for the 24-hour 
duration of the trial, but also it was as effective as 1/2 of a  
female horseshoe crab!

As expected from previous research on eel capture rates in 
the St. Jones River, catch rates were significantly higher in the 
lower river sites vs. the upper river sites. In the lower river, 
traps baited with the artificial bait matrix averaged 50 eel 

per trap. In the upper river, the artificial bait matrix caught 
about 12 eel per trap. The team found that location in the river 
affects catch rates for both the alginate bait and the traditional 
horseshoe crab bait. 

Next, the team determined the minimum amount of artificial 
horseshoe crab bait that could be used to successfully trap eel in 
the St. Jones River study area. They compared catch rates when 
pots were baited with one block of artificial bait (equivalent to 
1/2 horseshoe crab), 1/2 block of artificial bait (equivalent to 1/4 
horseshoe crab), and 1/4 block of artificial bait (equivalent to 
1/8 horseshoe crab). The field trials showed that 1/8 of a female 
horseshoe crab is the maximum amount needed for each bait.

Finally, the team compared baits prepared with equal  
amounts of female vs. male horseshoe crab tissue. They found 
that artificial baits made with the same concentration of male 
horseshoe crab tissues were just as effective at attracting eel 
into the traps. From these results, the team concluded that 
female horseshoe crabs no longer need to be targeted as bait  
for eel in Delaware Bay’s commercial fishery.

The scientists also tested attractiveness of alginate-based baits to  
conch, using standard wooden conch pots. In each trial, 20 pots  
(10 control baits and 10 test 
baits) were fished in Delaware 
Bay, near the entrance to 
Roosevelt Inlet. Conch pots 
were fished for 24–48 hours. 
Alginate baits prepared with 
female horseshoe crab tissues 
repeatedly caught conch 
across three field trials, and 
catch rates were similar to 
pots baited with 1/4 of a female 
horseshoe crab.
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Figure 4. Field trials of alginate baits in the St. Jones River, Del.  The trials 
compared the average number of American eels trapped using ½ of a female 
horseshoe crab as bait (white bars) vs. an alginate bait incorporating the 
equivalent of ½ of a female horseshoe crab (blue bars).  Results are averaged 
across all 40 river sites, as well as the 20 sites on the lower river section.

A bountiful harvest from the Delaware 
Bay field trials. Photo credit: Julie 
Anderson

Figure 3. Map of St. Jones River eel trapping study area. The red stars 
represent the 40 sites where traps were set and collected after 24 hours.

St. Jones River–Kent County, Delaware



This series of field trials showed that less than 1/8 of a female 
horseshoe crab could be used in each bait and achieve the same 
catch per unit effort as baiting with 1/2 of a female horseshoe 
crab. Moreover, because catch rates did not differ when traps 
were baited with equivalent concentrations of male or female 
horseshoe crab tissues, the use of males only in the artificial bait 
matrix could be recommended. Since Delaware state regulations 
limit horseshoe crab bait use to 1/2 of a female, or one whole 
male per trap or pot, the findings provide a solution that would 
significantly reduce the amount of horseshoe crab being used 
per trap, as well as reducing the long-term harvest pressure on 
female horseshoe crabs. 

And Yet, a Better Alternative, You Say? 

While the search for the chemical cue continued, the team 
explored one more option for the artificial bait. They already 
knew that other species of fish and crab would catch eel and 
conch, just not as efficiently as horseshoe crabs. But what 
if they could combine a locally abundant nuisance with the 
alginate matrix to lower the percent of horseshoe crab needed 
to make each artificial bait? 

Along the jetties and riprap near the mouth of Delaware Bay, 
Hemigrapsus sanguineas, the Asian shore crab, has become a 
fierce competitor for limited habitat. Not meaty enough for 
a gourmet meal, the prolific crab is being used locally as bait 
for tautog. Black drum, sea robins, and black sea bass are also 
known to prey on the nuisance crab.

Because Asian shore crabs are so numerous across the region 
and easy to collect by hand, the team decided to test them 
as a bait alternative. Two alginate baits were prepared for 
laboratory choice tests with conch: one a 50:50 mixture of 
Asian shore crab and horseshoe crab tissues, the other  

100 percent horseshoe crab tissue. To measure the amount 
of bait consumed overnight, baits were weighed before 
and after each choice test. The scientists found that conch 
readily consumed both baits in the laboratory assays. Percent 
consumption did not differ between the baits, suggesting that 
Asian shore crab could readily be substituted for horseshoe crab 
tissues in the alginate matrix (Figure 5). 

Based on these promising laboratory results, the team tried 
the Asian shore crab baits in the field. Baits were tested in 
eel and conch pots in the same manner and at the same 
locations described above. In this suite of experiments, baits 
were prepared using a 50:50 mixture of Asian shore crab and 
horseshoe crab tissues. The Asian shore crab bait was fished 
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Figure 5. Laboratory choice tests with conch comparing two alginate-
based baits. Horseshoe Crab Only (blue bar) consisted of 100 percent 
female horseshoe crab tissue in alginate formulation. Asian Shore Crab 
Mixture (teal bar) consisted of a 50:50 mixture of Asian shore crab and 
female horseshoe crab tissues. Both baits were readily consumed by 
conch. Differences in the percent of bait consumed were not statistically 
significant.

Conch aggregate around and readily consume an alginate bait prepared 
with Asian shore crab. Photo credit: Julie Anderson

Asian shore crab, 
Hemigrapsus sanguineas. 
Photo credit: U.S. 
Geological Survey

Native to the western Pacific Ocean 
along the coasts of Russia, Korea, 
and Japan, the Asian shore crab was 
first reported in the U.S. in 1988. 
Initially found in New Jersey, they 
quickly spread from Maine to North 
Carolina along rocky coastlines.  
Able to tolerate a wide range of 
salinity and temperatures, their only 
known predators are rockfish and 
seagulls. However, Asian shore crabs 
prey on and compete with native 
mud crabs, blue crabs, rock lobster, 
and fish for food and space. Their 
long breeding season, combined 
with their monthlong floating larval 
stage, means that they can easily be 
transported by wind and currents 
up and down the Atlantic coast.



against an alginate bait made from 100 percent horseshoe crab 
tissue. Although catch rates for eel were low in the pilot tests, 
there was no difference in catch rates between the two baits. 
Conch trials gave similar results. 

By replacing 50 percent of the horseshoe crab tissue with an 
equivalent amount of Asian shore crab, the team has designed a 
more environmentally sound, alginate-based bait that only uses 
1/12 to 1/16 of an adult horseshoe crab. 

A Commercially Available Bait

Now that you have the recipe at your fingertips, mix up a batch 
and test it in your traps! Or if you do not feel like tinkering, 
a ready-made bait is on the horizon. In the fall of 2012, 
LaMonica Fine Foods in Millville, N.J., scaled up production 
of the alginate-based bait, incorporating a proprietary fish 
attractant. In partnership with local conch fishermen, they 
have been field testing the baits in Delaware Bay. The field 
trials have been so successful that requests for more bait are 
pouring in. Plans for commercial production of an affordable 
bait that is easy to handle and easy to store are underway. 

Inquiries about the commercial production and bait 
availability can be directed to Michael LaVecchia at LaMonica 
Fine Foods: 856-825-8111, ext. 102. 
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