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Addendum Timeline

Date Action
October 2024 Board initiated Draft Addendum IX

February 2025 Board approved Draft Addendum IX for 
Public Comment

March 2025 Public hearings and comment period 

May 2025 Board meeting to consider final approval 
of Draft Addendum IX



Background

• Delaware Bay bait harvest specifications are based on the 
Adaptive Resource Management (ARM) Framework since 2013

• The ARM considers horseshoe crab and red knot populations
• Provides annual harvest limits for the bait fishery

• ARM Framework updated and peer reviewed in 2021
• Adopted for management use in 2022 by Addendum XIII

• 2023 was the first year the ARM harvest output included female 
harvest

• Board opted to implement zero female harvest due to public 
concern for 2023 and since



Background
• Conflicting views from stakeholders on female HSC harvest
• Stakeholder workshop in July 2024

• Convened environmental non-governmental organizations (NGOs), 
fishing industry, biomedical industry, bird and horseshoe crab 
scientists, and resource managers

• Generated recommendations to the Board on management
• Recommendation to continue running the ARM Framework but 

prohibit female horseshoe crab harvest while several additional 
recommendations are considered and implemented

• Discussed multi-year specifications for male-only harvest as an 
interim approach 



Addendum Objective

• October 2024 Board motion: 
Move to initiate an addendum to consider the ability to set 
multi-year specifications for male-only horseshoe crab harvest 
of Delaware Bay-origin Horseshoe Crab based on the ARM 
Framework or an alternative male-only harvest specification 
setting method.

• Draft Addendum IX also aims to clarify the Delaware Bay bait 
harvest season and when to use the “harvest caps” for MD 
and VA



Proposed Management Options

• Issue 1: Multi-year Specifications
• Sub-options: Male-only harvest limit based on spawning sex ratio

• Issue 2: Seasonal Harvest Restrictions 

• Issue 3: Application of Harvest Caps for Maryland and Virginia



Issue 1: Multi-year specifications 

Issue 1: Multi-year Specifications 

• Option 1A: Status quo, annual specifications 

• Option 1B: Allow multi-year specifications for male-only bait 
harvest for horseshoe crabs of Delaware Bay-origin for a 
maximum of three years at a time



Issue 1: Multi-year specifications 

• Option 1B
• Multi-year specifications for Delaware Bay-origin horseshoe crabs 

could be set for up to three years at a time
• Not required to be set for multiple years

• Only for male-only harvest

• Provisions would only be in place through 2031 

• Aims to provide more certainty about harvest while ARM 
Framework recommendations are addressed



Issue 1: Multi-year specifications 
• Process under Option 1B: 

1. Fall of year 0: ARM Subcommittee runs ARM Framework and provides 
a harvest limit output for the following year or years
• Board decides: Allow male and female harvest, or males only? 
• If males only, then Board can choose whether to set specifications for multiple years 

2. Board sets specifications 
• For example: 500,000 males for years 1, 2, and 3

3. Fall of year 1 and 2 (interim years): Board reviews survey data only and 
decides whether to maintain or change specifications
• For example, Board maintains specifications for years 2 and 3

4. Fall of year 3: Board reviews new ARM Framework output and sets 
specifications for following year or years



Issue 1: Sub-options
• Sub-options under 1B

• Consider a biologically-based method for managing male-only harvest in interim years 
when the ARM Framework is not run 

• Spawning sex ratio from beach surveys conducted annually

• Male HSC abundance could only limit horseshoe crab or red knot population growth if 
the operational ratio of males to females on spawning beaches were low and not all 
eggs fertilized

• Option 1B-1: No requirement to reduce male harvest limit based on spawning sex 
ratio

• Option 1B-2: In interim years, male horseshoe crab harvest must be  reduced if 
spawning beach survey results indicate a male to female sex ratio below 3:1



Issue 1: Multi-year specifications 
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Issue 1: Multi-year specifications 
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Issue 2: Seasonal Harvest Restrictions 

Issue 2: Seasonal Harvest Restrictions

• Option 2A: May 1 through June 7 closure for bait harvest

• Option 2B: January 1 through June 7 closure for bait harvest



Issue 2: Seasonal Harvest Restrictions 

• Option 2A:

• NJ, DE, and MD required to prohibit harvest and landing of horseshoe crabs for bait 
from May 1 through June 7, inclusive. This includes all landings for bait, whether 
directed or as bycatch. 

• Measures of Addendum III

• Option 2B:

• Would prohibit directed harvest and landing of all horseshoe crabs for bait in NJ, DE, and 
MD from January 1 through June 7 

• It would also prohibit the landing of horseshoe crabs in VA from federal waters from 
January 1 through June 7 

• Measures of Addenda IV-VI
• Inadvertently omitted from Addenda VII and VIII



Issue 3: MD and VA Harvest Caps 

Issue 3: Application of Harvest Caps for Maryland and Virginia

• Option 3A: Status quo

• Option 3B: Modify language to clarify policy for applying caps



Issue 3: MD and VA Harvest Caps 

• Option 3A: Status Quo
• Harvest caps for Maryland and Virginia established in Addendum VIII

• 170,653 and 60,998 crabs, respectively (East of COLREGS for VA)
• Intended to provide protection to non-Delaware Bay-origin crabs when female 

harvest is allowed

• Caps apply except when the ARM Framework outputs an optimized 
harvest that prohibits harvest of female horseshoe crabs 

• Ambiguous policy 
• Could be interpreted to mean if the ARM Framework allows female horseshoe 

crab harvest, but the Board does not implement any female harvest, then the 
caps would still apply



Issue 3: MD and VA Harvest Caps 

• Option 3B: Modify language for the application of harvest caps
• Aims to clarify the policy 

• Change language to “these caps apply only when female harvest is 
implemented. The harvest caps for Maryland and Virginia would 
not apply whenever male-only harvest is implemented.” 



Public Comment Summary



Public Comment Overview

• Four public hearings
• 37 attendees
• 4 comments

• 17 written comments
• 6 organizations
• 11 individuals 

Comments Received by Category
Organization Letters 6
Individual Comments 11
Total Written Comments 17
Comments Provided at Public Hearings

New Jersey 0
Delaware 4
Maryland 1
Virginia 0

Total Comments Received 22



Public Comment Overview

Proposed Management Options
Issue 1. Multi-year specifications 2. Season 3. Harvest Caps

Option 1A 1B 1B-1 1B-2 2A 2B 3A 3B

Org.  Letters 1 5 0 5 0 6 2 1

Written Comments 3 4 1 3 2 4 3 3
Public Hearings 2

Total 6 9 1 8 2 10 5 4

• More support for 1B: multi-year specifications
• More support for 1B-2: male harvest limit based on spawning sex ratio
• More support for 2B: Jan 1-June 7 season closure
• Not a significant difference for 3A/3B 



Option 1A Support 

• Consistent annual review of the ARM Framework is important for 
oversight

• Harvest specifications should be based on the best available 
science

• The Board should use the recommended harvest levels from the 
ARM. 

• The recommendation for the Board to consider option 1B came 
from the stakeholder workshop, but the workshop did not include 
any bait hand-harvesters. 

• Female hand harvest should be allowed with the current process. 



Option 1B Support 

• Opposition to harvest of female horseshoe crabs 
• No female harvest until red knots and horseshoe crab eggs are 

increasing
• Concerns that the ARM model used to set the quotas is flawed 
• All aspects of the ARM Framework should be reviewed, not just the 

reward and utility functions
• Multi-year specifications would reduce uncertainty for stakeholders 
• There should be no sunset date for using multi-year specifications 
• Even if multi-year specifications are used, best to look at the ARM 

every year



Option 1B-2 Support 

• Preferred over 1B-1, but harvest reductions should 
be initiated at 4:1 ratio, with a reduction to zero 
harvest at 3:1 

• The Board should use the sex ratio from Virginia Tech 
trawl survey rather than the bay-wide spawning 
survey 



Option 2B Support 

• The longer season closure (Jan 1 – June 7) should be 
reestablished as intended

• Option 2B would make all Delaware Bay states’ 
seasons consistent

• Still advocating for total HSC harvest moratorium



Option 3B Support 

• The amended language agrees with the intent of the 
original language for harvest caps



Other Comments
• There should only be male horseshoe crab harvest/ or there should be no horseshoe crab harvest

• Not economically worth it and alternatives for biomedical and bait can be used

• Horseshoe crab harvest should be land-based only. Dredging for horseshoe crab should be banned 
due to ecosystem damage, high dead discards, and no sex selectivity.
• Biomedical should come from hand harvest only

• Unfair that bait harvesters cannot take a small number of female horseshoe crabs when the 
biomedical take of females is much larger

• There should be more focus on the biomedical take and mortality
• Biomedical catch has steadily increased. Bait harvest fishery has a smaller impact than biomedical.

• The ARM Framework should still have an objective of the horseshoe crab population reaching a 
specific level of carrying capacity (e.g., 80% in the original framework)

• Other migratory shorebirds besides red knots also rely heavily on horseshoe crab eggs
• Additional data like egg density data would strengthen the ARM Framework

• Egg density counts remain low



Advisory Panel Report



Background

• The Horseshoe Crab Advisory Panel (AP) met Thursday, 
April 10

• 8 advisors attended

• The AP reviewed Draft Addendum IX and public comments

• The AP discussed proposed options but did not reach 
consensus recommendaitons



Section 3.1: Multi-year specifications

• Majority supported Option 1A (status quo, annual specifications)
- More transparency
- Set harvest limits based on most up to date ARM outputs
- Current process has been working

• One advisor supported Option 1B
-  Provides time for ARM Subcommittee to work on ARM 

improvements
- Also supported sub-option 1B-2, but 4:1 ratio would be preferred 

threshold for reducing male harvest limit 



Section 3.2: Seasonal Restrictions

• Advisors did not express strong preference for either 
option

• A few preferred Option 2A because it provides more 
opportunity to harvesters

• One supported Option 2B because it is consistent with 
Board’s intent for seasonal restrictions in the Delaware 
Bay region



Section 3.3: Harvest Cap Policy

• A few advisors supported Option 3B to clarify current 
policy 

• One said status quo is working fine
• Others abstained from providing input 



Questions? 



Board Action for Consideration

• Select management options for each section

• Final approval of Addendum IX 



Table of Proposed Options
Issue 1 Issue 2 Issue 3

Option 1A: Status quo, annual specifications 
for bait harvest of Delaware Bay-origin using 
the ARM Framework 

Option 2A: No harvest and 
landing of horseshoe crabs for 
bait for NJ, DE, and MD from 
May 1 through June 7, 
inclusive.

Option 3A: MD and VA harvest 
caps apply except when the 
ARM Framework outputs an 
optimized harvest that 
prohibits female harvest.Option 1B: Allow multi-year specifications for 

male-only bait harvest of Delaware Bay-origin 

Sub-option 1B-1: No reduction of male 
harvest limit based on spawning sex ratio.

Option 2B: No directed 
harvest/landing in NJ, DE, and 
MD January 1 through June 7. 
No landing HSC in VA from 
federal waters Jan 1 through 
June 7, inclusive. 

Option 3B: Harvest caps apply 
only when female harvest is 
implemented. 

Sub-option 1B-2: Male harvest limit 
reduced if spawning sex ratio is less than 
3 males to 1 female



Reviewing Reward, Utility, and 
Harvest Policy Functions of the ARM 
Framework

Horseshoe Crab Management Board 
May 8, 2025



Background

Manage harvest of horseshoe crabs in the Delaware Bay to 
maximize harvest but also to maintain ecosystem integrity, 

provide adequate stopover habitat for migrating shorebirds, and 
ensure that the abundance of horseshoe crabs is not limiting the 

red knot stopover population or slowing recovery.

Problem Statement



Horseshoe Crab Population 
Dynamics Model

Red Knot Population 
Dynamics Model

Maximize the Average 
Reward:

Crab harvest + 
Knot Abundance + 

Crab Harvest x Knot 
Abundance

Crab Removals
(Bait, Biomedical, Discards)

Sknots = f(female crabs)

Background



• October 2024 Board meeting – Reviewed the final report of the 
July 2024 Stakeholder workshop

• A key recommendation – “using current ASMFC processes, 
refine the ARM reward and utility functions with stakeholder 
input”

• ARM Subcommittee was tasked with reviewing and discussing 
what stakeholder input would be needed and the process

• Met three times in early 2025 to develop recommendations on 
how to proceed

Background



Reward function
• Quantifies the value of the entire system at a given point in time

• Based on the utilities from HSC harvest and RKN abundance

Utility functions
• Based on stakeholder values.  

• For example, how much is X amount of HSC harvest worth?  How much is Y number 
of RKN worth?

Harvest Policy functions

• Tell us how many crabs can be harvested for a given level of HSC and RKN abundance

• Optimized so that the expected long-term reward is maximized

Background



• The reward function is maximized in the Adaptive Dynamic 
Programing optimization.

• Utilities for red knots and horseshoe crabs currently have equal 
weighting in the reward function.

• Methods could be explored to determine different weights on 
each utility to better reflect stakeholder values.

Annual reward: 𝒓𝒓𝒚𝒚 = 𝒖𝒖𝒚𝒚𝒉𝒉 + 𝒖𝒖𝒚𝒚𝒌𝒌 + 𝒖𝒖𝒚𝒚𝒉𝒉𝒖𝒖𝒚𝒚𝒌𝒌

Reward Function
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Red Knot Utility Function
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• Change the population size at full utility from 81,900 
to something that better reflects the USFWS RKN 
recovery plan

• Change the shape of the red knot utility function 
from the near knife-edge function to something that 
increases more gradually (e.g., a sigmoid curve)

• Consider HSC abundance in RKN utility function (e.g., 
more RKNs would require more HSCs)

• Include RKN population growth rate in the RNK utility 
function (e.g., an increasing growth rate at low 
abundance is valued more than an increasing growth 
rate at high abundance)

Red Knot Utility Function



𝑟𝑟𝑦𝑦 = 𝑢𝑢𝑦𝑦ℎ + 𝑢𝑢𝑦𝑦𝑘𝑘 + 𝑢𝑢𝑦𝑦ℎ𝑢𝑢𝑦𝑦𝑘𝑘

𝑢𝑢𝑦𝑦ℎ =
2𝐻𝐻𝑦𝑦

𝑓𝑓 + 𝐻𝐻𝑦𝑦𝑚𝑚

2𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓 + 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚

𝑚𝑚

𝐻𝐻𝑦𝑦
𝑓𝑓 and 𝐻𝐻𝑦𝑦𝑚𝑚 are the actual harvest of females and males

Horseshoe Crab Utility – An economics decision, proportion of 
maximum economic value

𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓  = 210,000 and 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚

𝑚𝑚 = 500,000

Horseshoe Crab Utility Function



𝑢𝑢𝑦𝑦ℎ =
2𝐻𝐻𝑦𝑦

𝑓𝑓 + 𝐻𝐻𝑦𝑦𝑚𝑚

2𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓 + 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚

𝑚𝑚

𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓  = 210,000 and 𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚

𝑚𝑚 = 500,000

• Is the value of harvesting a female still 2x that of a male?

• The maximum harvest of each sex were negotiated values in the original 
ARM Framework.  Are there a more appropriate maxima today? 

Horseshoe Crab Utility Function
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The harvest policy functions are solved to 
maximize the reward function. 
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𝐻𝐻𝑓𝑓  =  𝐻𝐻𝑚𝑚𝑚𝑚𝑚𝑚
𝑓𝑓  × 𝜂𝜂𝑓𝑓  +  𝜂𝜂𝑘𝑘  −  𝜂𝜂𝑓𝑓𝜂𝜂𝑘𝑘

Harvest Policy Functions

• Harvest factors are multiplied 
by the maximum bait harvest 
to get the recommended 
total harvest
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• Modify the harvest policy 
functions so that they have 
a zero intercept (i.e., no 
crabs = no harvest)

Harvest Policy Functions



Need a third-party, independent, 
structured decision-making (SDM) 
expert to guide/facilitate the process

Recommended Process for Stakeholder Engagement



Step 1.  Educational Meetings
• Series of meetings (could be virtual)
• Increase understanding of U/R/H functions of the ARM Framework
• Explain the differences between 2009 and 2021 ARM Frameworks
• Allow dialogue between technical experts and stakeholders (Q&A 

session)

Recommended Process for Stakeholder Engagement



Step 2.  Stakeholder Meetings
• Single or series of meetings
• Goal of eliciting information on values to inform the revision of the 

U/R/H functions
• Stakeholders provided specific questions to elicit the necessary 

information
• Under what conditions would female HSC harvest be acceptable?
• Require an SDM expert for the formal elicitation process

Recommended Process for Stakeholder Engagement



Step 3.  ARM SC and TC Meetings
• Series of meetings (could all be virtual)
• Review information from stakeholders
• Perform technical work to develop alternative U/R/H functions
• DBETC will meet and review changes

Recommended Process for Stakeholder Engagement



Step 4.  Board Meeting to Consider Proposed Changes
• Re-run the ARM model optimization with the alternative U/R/H 

functions
• Present changes and results to the Board
• If the Board wished to pursue the recommendations at that 

time, it would need to initiate an Addendum to consider 
adopting any changes to the U/R/H functions.

Recommended Process for Stakeholder Engagement



• SDM expert facilitator – the earlier the better

• Opposition to the Addendum VIII went beyond the U/R/H functions. Although 
reviewing/revising the U/R/H function may be helpful, there may still be objections 
to the outcome and underlying population dynamics models

• Thoughtful design to stakeholder participation – some stakeholder groups are 
much larger than others and need to find an appropriate balance

• Differences in meeting accessibility for various stakeholders.  For some, it’s part of 
their day job.  For others, participation means their day job is not being done (e.g., 
meetings during peak fishing seasons)

Additional Considerations



Questions?



Advisory Panel Composition
 



Background
• July 2024 workshop on Delaware Bay management objectives 
• Consensus recommendation:

- Evaluate Horseshoe Crab Advisory Panel (AP) to determine if it has 
adequate representation across stakeholder groups. This may require 
adding seats to the panel for non-traditional stakeholders.

• Board discussed AP composition in February
• Board agreed to evaluate their appointees and fill vacancies 
• Recommendation to aim for even distribution among the stakeholder 

groups
• 2 conservation seats for Delaware Bay



Nominations 

• 3 nominations received

• 2 commercial harvesters from NY and VA

• 1 conservation biologist from NJ 



Board Guidance 
• Removal of non-participating advisors due to inactivity
• Does 5 advisors from each group (commercial, biomedical, 

conservation) still make sense?
• Remove vacant commercial seats?
• Seek future nominations by user group/region?
• How to handle commercial nominations
• How to handle conservation seats

- 2 current appointees, 1 new nomination 
- Call for nominations in public solicitation, form Work Group to 

review nominations  
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