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Uniquely charismatic species
Readily recognizable by the general public
Their significance spans ecology, economy, and human health
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Ar t hrop 0 d D lV e I'Sity Horseshoe crabs are in a class by themselves: Merostomata

- Legs attached to mouth

/l, J ‘ -~ ’ ;’;‘% * /‘%) ’ (crab legs attach to gills)

Wieom  Centipedes Ladybugs Shimps  Pilbugs Scorpions Mites  Spiders  Seaspiders Horseshoe crabs
Coss  Class Class Order  Order  Order Order Order  Order Class
Opbpods  Chilopoda  Insects Decapods Isopods Scorpions Acar  Aranese Pycnogonids Merostomata

Class. Class.
Malacostraca Arachnids
Subphylun  Subptum - small appendages for moving food into the mouth
- But no mandibles (mouth parts to grind food)

- No antennae

Crustacea
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[R————— - Limulus ~445 million years
e - Life span 220 years
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So, what is a horseshoe crab?

[follow bullet points]

Unique among the arthropods

- due to the structure of mouth & legs

Ancient Class of arthropods

- Early forms evolved in Paleozoic Era, ~445 million years

- Predate dinosaurs & flowering plants

- Survived Paleozoic Cambrian & Permian [marine] extinctions & the Mesozoic Cretaceous [land & marine]
extinction
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[use diorama & molt]

Heavily armored

Two body segments plus telson

- Cephalothorax / prosoma

- Abdomen / opisthosoma

Numerous eyes [will come back to]

First pair of claws are for feeding (not legs)
5 pairs of legs

First walking leg is sexually dimorphic

Last pair of legs has modified claw (pusher)

Book gill covers are modified abdominal appendages [will come back to]

Female ~1/3 larger than male
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Video of how a horseshoe crab feeds [hyperlink]
Feed on invertebrates like marine worms & small molluscs and scavenge
Have a crop and gizzard
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hitp/www. horseshoecrab.org

FHOTORECEFTORS

-—

Only Chelicerate to possess compound eyes (lateral eyes)
— ~1,000 facets
— Primarily for finding mates

There are 5 additional eyes on the top of its shell: two median eyes, one
endoparietal eye and two rudimentary lateral eyes

— Median and endoparietal eyes sensitive to visible and ultraviolet light

< Enhance telson’s degree of adaptation to darkness based on amount
of ultraviolet light

— Rudimentary lateral eyes are photoreceptors (functional just before
embryo hatches)

— A“clock” in anterior brain controls sensitivity of lateral and median eyes
Underside of crab has two ventral eyes located near the mouth

— May help orient the animal when swimming
Telson has series of light sensors along the top and side

— Keeps brain synchronized with cycles of light and dark

[follow the bullets]

Complex array of light sensitive structures

Compound eyes — pass around the facet simulators
Facets are easily seen on the larger molt
- Molts are fragile, but can be looked at afterward


https://www.youtube.com/watch?v=8EuCx-_Y7u0
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CGl rendition of horseshoe crab

Book gill covers are modified abdominal appendages
- First is genital operculum

- 100”pages of lamellae per appendage
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Horseshoe crab aquarium eating and swimming

Video: hitps:/lww.youtube.comiwatch?v=geZ9axFxvro

| found a YouTube video of a small horseshoe crab in an aquarium [hyperlink]
It is useful to observe horseshoe crab behavior
- Swimming, Walking, Burrowing

This is not an endorsement of collecting horseshoe crabs for personal aquaria

Also, the person had a sturgeon which is prohibited
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There are 4 species of horseshoe crab
Differentiate them fairly easily

anterior margin of cephalothorax
Opisthosomal spine configuration
Length/width of cephalothorax and abdomen
Telson length and shape (cross section)


https://www.youtube.com/watch?v=qeZ9aXFxvro
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Horses.hoe crab specieé
L polyphemus e
T. tridentatus RUNNEY

T gigas ==
C. rotundicauda

L e —

Distributed in IndoPacific and western Atlantic
Only one species in western Atlantic
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Several genetic populations of Limulus polyphemous
Largest spawning population is in the Delaware Bay region
- Notable spawning activity in Chesapeake Bay has been reported
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Distribution of horseshoe
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Horseshoe crab spawning habitat has been poorly characterized in Chesapeake Bay
Under-represents actual activity & habitat

- Problematic for effective management

- Limited resources and it is not a major priority
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This is a model of Delaware Bay horseshoe crab spawning and there is some variability in timing
Water temperature > 58°F

Usually mid-May into June

Hightide at night

Preferably during new & full moons when spring tides occur, these are the highest tides
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Spawhning conditions at

a:48 PM 70 a5, ] Verizon LTE a:a5 PM 7 s m

Chesapeake Beach Chesapeake Beach

May 18,2019 € May 19,2019 >
Full Moon (Saturday) 82° | 66° g (Sunday) 85° | 68°

Low Tides:
0.3 ft @ 11:57
0.3 ft @ 10:

Lo === Tides Marine
:. Boat Parts

| looked up the tidal forecast for this weekend at Chesapeake Beach for planning purposes
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Spawning Activity Spawning Habitat

* Protection from wave energy
— Sandy beach areas within bays
and coves
— Often adjacent to large
intertidal sand flat areas,
which provide an abundance
of food for juveniles

* Prefer beach slope of 3-7%

Egg-laden females move
up to the shore to spawn

Males wait at surf line

* Include porous, well-
oxygenated sediments

» Sand grain coarseness and
drainage affect nest-site
selection and nesting
synchrony

Beaches can be very small

Avoid high peat content

Do not have beach fidelity each year of spawning
Waves less than 1 ft to avoid being flipped
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A little blurry, but we can see the male first walking leg hooked onto the female abdomen
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Eggs are stored/develop throughout the cephalothorax
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Males hitch a ride from the shallows to where the female will lay eggs

- They are not spawning
- National Geographic video at minute 1:07 [hyperlink]
Satellite males congregate around female in an effort to also fertilize eggs
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Here is a buried female laying eggs
Eggs are deposited 6-10 inches below surface just above high tide line

This female has been tagged — white disk


https://video.nationalgeographic.com/video/news/00000146-a5ca-d44a-af7e-e7eeeeca0000
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Eggs are green
They somewhat blend in
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Egg to embryo to hatch MARYLAND

Hatching takes two weeks to several months depending on conditions
The warmer the water and the higher the salinity, the more rapid the development

No distinct telson at hatch
Telson is prominent after first molt
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17 molts during first 9-11 years to reach full size and sexual maturity
- Then one molt per year

Exit the front of the shell

- Many crustaceans exit through the back

Tissue expands with water prior to hardening of shell

If a horseshoe crab shell has a split along the front, it is a molt
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[follow the slides]

Nursery Habitat

* Shoalwater and shallow water areas of bays (such as Delaware Bay and Chesapeake Bay) are essential
nursery areas.

* 99% of juveniles found in waters >5 parts per thousand

¢ Juveniles usually spend first two years on intertidal sand flats

« After two years juveniles migrate to deeper bay and ocean waters until sexually mature

Adult Habitat

« Specific requirements are not known

« Have been found at depths > 200 meters (656 feet)

« May prefer depths < 30 meters (98 feet)

« During the spawning season, adults typically inhabit bay areas adjacent to spawning beaches
¢ In the fall, adults may remain in bay areas or migrate into the Atlantic Ocean

« May overwinter on the continental shelf
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Between molts, the shell becomes a complex mobile reef

Slide 25

g

R ="Sea Strawbery

'j-,__-.m e

/
Scale Worm Oyster

@ Quahog

7 (Hard Clam)
/
J

Slipper Shell
(Crepidula plana)

@)

Scud
Bloodworm

.~ Skeleton Shrimp

/
Encrusting @
2~ Bryozoan

~~Slipper Shell
(Crepidula fornicata)

Limulus Leach

horse:
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[point out the different types of potential encrusting and parasitic organisms]
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Migratory shore birds are a primary predator of horseshoe crab eggs

Red knot will double body weight
They are an important food resource without which successful migration would not be possible
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Migration can be up to ~9,300 miles
Do it in ~1,500 mile stages
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We saw this graph before

It is important because it indicates how bird migration is timed to horseshoe crab spawning

If horseshoe crab spawning season shifts to earlier in the year, eggs are not available to migrating birds
Why a shift, climate change

- Waters warm sooner so spawning is sooner

- Would bird migration also shift to earlier, that is not certain
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Photo: Delaware Public Archives Photo

Humans have a history of utilizing horseshoe crab
Historical use was fertilizer
Modern use is for bait
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Horseshoe Crab Bait Landings and Biomedical Collection Figure 2. Maryland’s commercial horseshoe crab landings and quota: 1998-
Source: ACCSP Data Warehouse and State Compliance Reports, 2018 2015.° The 2013-2015 quota was restricted to male horseshoe crabs.
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* Most of the eeding:a
15% mortality rate is estimated for all bled crabs.

Horseshoe crab harvest and utilization have been monitored and managed for several decades
Majority of recent landings have been for bait

- Landings are tightly regulated

- Harvest has dipped below quota in recent years

Collection for biomedical use for the past ~25 years
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Quota
The annual total allowable landings of male horseshoe crabs for the commercial fishery is

255,980. There is no female harvest permitted.

Season
1. May 1, 2019 through July 7, 2019:
a. A person may catch or land horseshoe crabs outside of 1 mile of the Atlantic coast.
b. A person may catch or land horseshoe crabs in Maryland’s coastal bays and their tidal
tributaries.
¢. A person may not catch or land horseshoe crabs within 1 mile of the Atlantic Coast. or
the Chesapeake Bay and its tidal tributaries.
2. July 8, 2019 through November 30. 2019: A person may catch or land horseshoe crabs
from the tidal waters of the State.
3. December 1, 2019 through April 30, 2020: A person may not catch or land horseshoe
crabs in Maryland.

Catch Limits
1. An individual may not land more than 25 male horseshoe crabs unless they are in
possession of a valid horseshoe crab landing permit.
2. May 1. 2019 through July 7. 2019: A permittee may not land more than 150 male
horseshoe crabs per day.
3. July 8, 2019 through November 30. 2019: A permittee may not land more male horseshoe
crabs than the amount specified on their permit.

All other rules remain the same (Code of Maryland Regulations 08.02.10.01).

Harvest is managed with annual quota, catch limits, and landing permits

No female harvest permitted
Regulations designed to reduce pressure on spawning individuals — females in particular (includes pre-

spawning individuals)
- Bird nesting beaches are often used and also protected areas
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Hemocyanin — blue blood
- Copper based
- Helps survive hypoxia

*  Up to $15,000 per quart
| - The Atlantic, 2018

horseshoe-crabs-for-drug-testing/

[pass around the vial of blood]

Blood is blue because it is copper based
- Mammalian blood is iron based
Makes it easier to survive hypoxia
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* Humans can become sick if exposed to bacterial endotoxin
— Endotoxins are a type of fever-causing agents
— Is a component of the exterior cell wall of Gram-negative bacteria

— Especially dangerous if sufficient amount of endotoxin enters blood stream or spinal fluid (such as from an
injectable drug)

— Symptoms can include fever, shock, organ failure, and even death

— Allinjectable drugs and medical devices that come in contact with blood stream or spinal fluid are tested for
endotoxin

* Horseshoe crab has an immune and blood coagulation system that protects it against infection
— Inside blood cell (amebocyte) are protiens that cause blood to clot around the injury and bacteria
— Research showed that their blood is very sensitive to endotoxin (1960s)
— Blood gels & clots when it comes in contact with endotoxin

— Limulus amebocyte lysate (LAL) test developed and was commercialized in the United States in the 1970s. (similar
test, TAL, from Tachypleus tridentatus)

— Aversion of the LAL test for diagnosis of invasive fungal infections is being developed

hitp://www horseshoecraborg

[follow the bullets]
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Horseshoe crab bleeding

Figure 3. Estimated mortalities of horseshoe crabs bled for the biomedical
industry: 2004-2014.% The 2015 mortality estimate was not available at the time of this
report. Mortality does not include crabs returned to the bait industry. Threshold is 57,500.
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Estimates of bleeding mortality vary, but 15% is assumed
Management problem, total bleeding mortality often exceeds the threshold
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Horseshoe crab bleeding

* Best practices to reduce mortality
— Keep crabs cool and moist (transport & facility)
— Do not bleeding injured crabs
— Separate unbled from bled to avoid rebleeding
— Use of sterile needle
— Allow blood to flow or drip into the container until the flow stops naturally
— Bleeding horseshoe crabs to death is not an acceptable practice in the U.S.
— Return to ocean waters from harvest site within 24 hours
— Mark prior to return to avoid a second bleeding within a year
— Bleed horseshoe crabs caught for use as bait
— Return to the ocean at their harvest site.

» Alternatives are being developed that will reduce the use of horseshoe crab blood

[follow the bullets]
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PERSPECTIVE

Saving the horseshoe crab: A synthetic alternative to
horseshoe crab blood for endotoxin detection
Tom Maloney [El, Ryan Phelan, Naira Simmons

Version 2 v Published: October 12, 2018 « https://doi.org/10.1371/journal.pbio.2006607

Research is being conducted to develop a synthetic version of LAL
Possibility to reduce LAL use by 90%
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Spawning challenges in the Chesapeake Bay are largely due to habitat alteration and loss
Here are aerial images of the shoreline in this area

Slide 39

This is an example of shoreline hardening and loss of sandy beach
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Photo: Steve Doctor Photo: Wester Hemisphere Shorebird Reserve Network

The contrast in spawning success and survival for repeat spawning is stark
Return to water and “Just flip ‘em”
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410-260-8263

EMAL,

marek.topolski@maryland.gov

In the absence of resources and a survey, we rely on public reports of horseshoe crab activity
- Location

- Spawning or not

- Abundance

- Habitat characteristics

- Photos - sometimes

How to report

- Phone

- Email

- Webmap (DNR website & mobile app)
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Atanteciy

Webmap is mobile friendly [hyperlink]
[walk through how it works]
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How to submit an observation

« Select the "Add Data" button at
the top of the map. s iy
- . o
o [r—— -
+ Select the spawning status.
sorsesnon cra soawing
.
" p—— -
Due
+ Select the location on the map )
where the observation was
made,
bt
P —
. Bowsn.. o fe sected.
+ Atach photos andr short video (I (I
(< 60 seconds) to help verify the B .
Gama N oty o I ] | Gormin,

Click the observation location on the map

Select the type of horseshoe crab activity (spawning, no spawning, not sure)
Fill in the siting form and save

Observation will not be visible on the map until it has been confirmed by DNR


https://maryland.maps.arcgis.com/apps/webappviewer/index.html?id=391606d4a962405db2429779ff47e5d8

