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The Maine Department of Marine Resources (MEDMR) is a state agency tasked with developing , conserving , researching , and promoting 
commercial and recreational marine fisheries across Maine’s vast coastline. Close collaborations with industry members in each of the 30 or 
more fisheries that support Maine’s coastal economy are central to MEDMR’s efforts to address this suite of tasks. Here we reflect on recent 
decades of MEDMR’s work and demonstrate how MEDMR fisheries research programmes are preparing for an uncertain future through the 
lens of three broadly applicable climate-driven challenges: (1) a rapidly changing marine ecosystem; (2) recommendations driven by state and 
federal climate initiatives; and (3) the need to share institutional knowledge with a new generation of marine resource scientists. We do this by 
highlighting our scientific and co-management approach to coastal Maine fisheries that ha v e prospered, declined, or f ollo w ed a unique trend 
o v er the last 25 + years. We use these examples to illustrate our lessons learned when studying a diverse array of fisheries, highlight the 
importance of collaborations with academia and the commercial fishing industry, and share our recommendations to marine resource scientists 
for addressing the climate-driven challenges that motivated this work. 
Keywords: climate change, coastal marine fisheries, resource monitoring, state agency research. 
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ntroduction 

he planning and execution of comprehensive resource mon-
toring to understand the abundance, distribution, and health
f commercially harvested marine species is an ever-evolving
ask that is essential to effective fishery management and
cosystem research. The northwest Atlantic Ocean has been
he source of some of the most productive fishing areas in
he world for millennia and is heavily studied by research and
anagement institutions in the United States and Canada. In

he United States, the primary fisheries management frame-
orks are regional Fishery Management Councils and Ma-

ine Fisheries Commissions, which are comprised of represen-
atives from multiple stakeholder groups across the region.
cientists of varying expertise play a key role by defining pri-
rity data gaps, executing data collection, performing assess-
ents, and presenting results with appropriate context and

ecommendations to fishery managers (Hare, 2020 ). For some
pecies, Commission fishery management plans dictate spe-
ific research and monitoring requirements, and state agen-
ies within a region generally maintain comparable sampling
rogrammes to best support robust stock assessment efforts.
or state-managed fisheries, state agencies will also participate

n question-based research, seek funding, collaborate with the
shing industry, and implement unique sampling programmes
ased on their specific data gaps or management needs. Staff
re dedicated to both compiling commercial and recreational
eceived: 23 May 2023; Revised: 28 July 2023; Accepted: 7 August 2023 
The Author(s) 2023. Published by Oxford University Press on behalf of Interna

rticle distributed under the terms of the Creative Commons Attribution License 
euse, distribution, and reproduction in any medium, provided the original work 
andings information as well as conducting resource moni-
oring assessments and research on the fisheries within their
tate. 

The Maine Department of Marine Resources (MEDMR)
s a state natural resource agency with the responsibility of
onitoring and helping to develop the marine and estuar-

ne species that support coastal Maine fisheries, encompassing
ome of the largest and most valuable fisheries in the country
MEDMR, 2023a ). The MEDMR Commissioner is a cabinet-
evel position appointed by the Governor and serves actively in
heir administration. The Commissioner is supported by five
ureaus (Marine Patrol, Marine Science, Public Health, Sea-
un Fisheries and Habitat, and Policy and Management) led
y a team of senior staff, including Bureau directors. MEDMR
as statutory authority to manage marine resources within
aine’s territorial waters (those waters from the rise and fall

f the tide seaward to the 3-nautical-mile/5.6 km line). Li-
ensed fishermen are subject to all of Maine’s laws and reg-
lations within the coastal waters of the state (out to 200
iles/322 km). The 5633-km-long coast of Maine currently

upports over 30 different fisheries that range from intertidal
pecies such as the common periwinkle ( Littorina littorea ),
o the historic Atlantic cod fishery ( Gadus morhua ), and the
enthic invertebrates that now dominate the Gulf of Maine
GOM) ecosystem. The seafood sector alone in Maine con-
ributed $3.2 billion in total economic output and resulted in
tional Council for the Exploration of the Sea. This is an Open Access 
( https:// creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted 
is properly cited. 
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over 33300 jobs in 2019; this represents a significant singular 
contribution for a state with a 2021 gross domestic product 
of $62.88 billion (Maine Department of Administrative and 

Financial Services, 2022 ; Seafood Economic Accelerator for 
Maine, 2023 ). 

MEDMR scientists monitor and support these large and di- 
verse coastal fisheries by leading fisheries-dependent and inde- 
pendent research, undertaking ecological research, and engag- 
ing in collaborative research and a co-management strategy 
for several fisheries. In the lobster industry, co-management 
takes the form of lobster “zones” that divide the coast into 

seven units, each governed by MEDMR and appointed in- 
dustry councils (Acheson et al., 2000 , 2013 ; and described 

below). These councils have been granted legislative author- 
ity to oversee and make recommendations on research prior- 
ities as well as zone-specific fishing practices such as the total 
number of traps fished, the time of day for fishing, and the 
number of traps on a line. The Maine soft-shell clam ( Mya 
arenaria ) industry has another form of co-management where 
MEDMR oversees commercial clamming efforts with munic- 
ipalities that can apply to set and enforce local harvest rules 
(McClenachan et al., 2015 ; McGreavy et al., 2018 ). 

The utilization of the co-management and collaborative re- 
search strategies in Maine has been successful due to decades 
of investment in building trust as equal partners in these re- 
search and management approaches by both commercial fish- 
ing industry members and MEDMR scientists. This, paired 

with the genuine cultural pride that Maine harvesters have in 

conserving fisheries for future generations, has led to many 
harvesters across the coast choosing to develop and sustain 

collaborative research, invest time in the management of these 
fisheries, and share their hard-won oceanographic and biolog- 
ical observations with the marine resource monitoring com- 
munity. These industries provide a uniquely unifying cultural 
identity, for generations of family owned businesses, and a 
connection to the environment in an isolated part of the north- 
east USA that has a relatively high cost of living and limited 

opportunity to sustain a year-round population (Island Insti- 
tute, 2018 ). MEDMR staff recognize the level of commitment 
of Maine’s fishing industries and know that identifying shared 

research and management goals across sectors is essential to 

developing and sustaining strong fisheries science. 
Biological and commercial fishery data are compiled by 

MEDMR researchers and the MEDMR commercial landings 
group to be shared with the public, federal research partners,
and academic scientists (MEDMR landings, 2023 ). The pri- 
mary users of these data are stock assessment scientists that 
lead species assessments for the Atlantic States Marine Fish- 
eries Commission (ASMFC) and National Marine Fisheries 
Service (NMFS) and directly inform fisheries management.
MEDMR policy staff represent Maine both on the ASMFC 

as well as the New England Fishery Management Council 
(NEFMC), and MEDMR science staff design research pro- 
grammes specifically to support management of these fisheries 
in Maine as well as to contribute to long-term, high-calibre 
data about stocks of species that span the GOM. MEDMR 

scientists also collect data for species that may not be docu- 
mented in fishery-based efforts. For example, MEDMR sci- 
entists conduct recreational catch and effort surveys for the 
Marine Recreational Information Program (MRIP), which are 
reported back to NMFS and provide comprehensive datasets 
for species with high recreational interest such as striped bass 
( Morone saxatilis ) (NMFS, 2023 ), whereas life stage-based 
ssessments conducted by MEDMR scientists for federally 
ndangered Atlantic salmon ( Salmo salar ) are an integral com-
onent of annual reporting by the US Atlantic Salmon Assess-
ent Committee to the North Atlantic Salmon Conservation 

rganization (Hawkes et al., 2022 ). MEDMR scientists work 

ollaboratively with other natural resource agency scientists 
cross the country and into Atlantic Canada to study species
f shared commercial interest and execute international re- 
earch and management goals. 

MEDMR staff know from this broad network of re- 
earchers, industry, and resource managers that concerns 
bout the future of commercial fisheries and questions about 
ow to prepare research and monitoring programmes for cli- 
ate change within natural resource agencies are universal.
hile only one small data point in a sea of global fisheries,

oastal Maine fisheries have seen examples of prosperity, col- 
apse, and some degree of recovery in recent decades, making

EDMR and the range of experiences in Maine a valuable
ase study for fisheries researchers and natural resource agen- 
ies across the world. These experiences inspired a group of
cience staff members at MEDMR to compile our work, share
ur approach to diverse challenges over recent decades, and 

istil our vision for the future of monitoring and research-
ng marine resources. This collation of the broad scope of our
ork and a concentrated reflection on the past with an eye

owards the future also marks one of the starting points of an
nternal initiative to provide a climate-focused review of the 

EDMR monitoring and research programmes. We begin in 

art I by identifying three challenges associated with reflect- 
ng on the past and preparing for the future. Part II moves
nto the MEDMR case study, documenting the recent history 
f a selection of our current programmes and the fisheries they
tudy. We share lessons learned from each programme while
onsidering the three challenges identified. 

art I: identification of challenges 

hallenge one: rapid ecosystem changes and shifts 

n marine resources 

he GOM is an oceanographically complex system influ- 
nced by the warm Gulf Stream, the cold Labrador Current,
nd framed by diverse watersheds, coastlines, and bathymetry 
Maine Climate Council Science and Technical Subcommittee,
020 ). The need to reflect on our past and better understand
he future of this complicated system is sharpened by (1) the
apid rises in sea surface temperature (SST) that have already
ccurred since the 1980s and (2) the ecosystem level shifts
hat are projected to occur by 2050 (Pershing et al., 2015 ).
ising SST trends in the last 40 years have been attributed

o anthropogenic forces, shifts in the positioning of currents,
nd broader atmospheric events (Gonçalves Neto et al., 2021 ).
arming temperatures have already been identified as caus- 

ng at least in part an increase in suitable lobster habitat as
ell as an increase of invasive predators such as the European

reen crab, Carcinus maenas (Donahue et al., 2009 ; Compton
t al., 2010 ; Goode et al., 2019 ). Research on the biological
mpacts of warming, ocean acidification, and other facets of 
cosystem shifts in the GOM shows the complexity of climate
hange in that the effects are interactive, species-dependent,
nd life-stage specific (Gledhill et al., 2015 ; Maine Climate
ouncil Science and Technical Subcommittee, 2020 ; Persh- 

ng et al., 2021 ). To capture all facets of climate change in
he GOM moving forward will require careful consideration 
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f programme design and a full suite of life history data for
pecies of interest. 

hallenge two: implementation of climate 

nitiatives 

he need to better understand our past to prepare for our fu-
ure has been underscored by the development and implemen-
ation of state and regional climate initiatives across the US in
omplement to global carbon dioxide reduction efforts. The
tate of Maine enacted the Maine Climate Council (MCC)
n June 2019 by bringing together 39 council members plus a
cientific and Technical Subcommittee (STS) to develop strate-
ies “to reduce greenhouse gas emissions by 45% by 2030 and
0% by 2050, as well as achieve carbon neutrality by 2045”
ith offshore wind development highlighted as a way to
elp meet these energy goals (Maine Climate Council, 2023 ).
he MCC is supported by six working groups, including a
oastal and Marine Working Group. This Group called upon
EDMR staff and researchers across the state to develop

daptation and mitigation strategies to study and sustain
oastal marine industries and environments while support-
ng the MCC’s overarching goals (Maine Climate Council,
oastal and Marine Working Group, 2020 ). The result of this
ffort was six strategies with specific recommendations related
o promoting habitat restoration, climate-focused marine re-
ource monitoring, and working waterfronts. Both these spe-
ific recommendations and the broader MCC align with ma-
ine climate and adaptation planning efforts in several US
tates (reviewed by the Center for Climate and Energy Solu-
ions, 2023 ) and international resource agencies (e.g. Canada;
epartment of Fisheries and Oceans, 2018 ) facing similar cli-
ate and fisheries considerations. The work currently done

nd being prepared for by MEDMR can guide other states
nd natural resource agencies looking to develop an integrated
pproach to developing marine resource monitoring in antic-
pation of climate change impacts. 

hallenge three: a new era of marine resource 

cientists 

he final challenge is tied to the core mission of natural re-
ource agencies because the people carrying out the mission
re the ones who make all the work possible. In recent years,
EDMR has supported a staff of 170–180, but as of the writ-

ng of this manuscript, the department has an estimated 215
mployees with 18 additional positions pending and more
eing added in the next year (personal communication with
EDMR and State of Maine, Human Resources). Many new

taff members were added to the science bureaus and are sup-
orting programmes freshly initiated to respond to pressing
limate change questions and new challenges within the state.
his includes scientists hired to design research to understand

he impacts of offshore wind technologies on marine resources
nd the GOM. The Bureau of Marine Science has also hired
ine new staff to support changes in fishery reporting require-
ents. In compliance with Addendum XXVI to the ASMFC
obster Management Plan, the lobster fishery had to scale up

rom 10% harvester reporting (using paper logs) to 100%
obster harvester reporting (electronic), resulting in an influx
f catch and social–ecological data from lobster license hold-
rs in 2023 (ASMFC, 2018 ). This will yield an anticipated
50000 trip reports plus additional reports received annually
eaning Maine reports will account for ∼42% of all trip level
eports that are stored in the Atlantic Coastal Cooperative
tatistics Program (ACCSP) data warehouse. For MEDMR
taff, this has required a broad scope of work and expansion
f the landings programme, including creating an app for har-
esters to enter data, providing support to industry on how to
eport data electronically, and then reviewing these records. At
he same time, 11 staff members have retired from MEDMR
ince March 2020, taking with them up to 40 years each of in-
titutional knowledge and well-developed collaborations. We
now from our close relationships with government research
rogrammes around the country that MEDMR is not alone
n both the loss of long-time staff while simultaneously usher-
ng in a new generation of scientists tackling climate research.
oth the changes in the GOM and within the walls of gov-
rnmental science entities highlight that now is a crucial time
or natural resource scientists across the world to reflect on
he past and document institutional knowledge as part of the
reparations for the work ahead. 

art II: case study: MEDMR approach to studying 

oastal fisheries 

EDMR has begun the preparation process by compiling
ore than two decades of information about the programmes

hat have studied the GOM’s most productive fisheries, the
sheries that have collapsed in this time, and fisheries that
ave undergone other unexpected changes. Below and in the
upplementary data , we review examples from each MEDMR
cience Bureau of these fisheries and how MEDMR has stud-
ed each one during a period of dramatic change ( Table 1 ).

hile some of these fisheries are specific to the coast of Maine,
he range of MEDMR programmes offers insights and lessons
earned into a suite of marine resource monitoring and re-
earch approaches. Based on this information and MEDMR
xperiences from sustaining the programmes and working in
upport of fisheries we describe below, we then share our con-
iderations for the future of marine resource monitoring and
essons learned from studying these valued species in a rapidly
hanging GOM. 

(1) American lobster ( Homarus americanus ) 

For Maine, the trap-based commercial American lobster
shery is an essential economic driver for the coastal economy
nd ecosystem. Lobstering occurs commercially and recre-
tionally across the Maine coast year-round with 2191 recre-
tional and 5643 commercial licenses issued by MEDMR in
022 with license holders completing > 200000 trips. This
enthic crustacean annually represents > 60% of Maine’s ma-
ine resource landings by ex-vessel value (68% in 2022). Since
004, lobster dealers across the coast are required to report
andings to MEDMR for each trip, including information
bout price. The landings peaked in 2016 with > 132 mil-
ion pounds/59874 metric tonnes (mt) harvested. That 2016
eak in landings was also the previous peak in ex-vessel value
t > $539 million, but 2021, though lower in landings, ex-
eeded the value at > $739 million. Lobster landings from
990 to 2022 experienced a gradual increase from the 1990s
hrough the mid-2000s, then a steep rise between 2007 and
012 ( Figure 1 ; MEDMR landings, 2023 ). 
The MEDMR lobster monitoring programmes include the

obster Sea Sampling (LSS) Program, Ventless Trap Sur-
ey (VTS), Settlement Survey, and Larval Survey (MEDMR,
023b ). From 1967 to 2012, a port-side intercept survey was

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
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Table 1. Select marine species currently or recently studied by the MEDMR. 

Species/Fishery Common name 2022 fishery value in Maine MEDMR Bureau 

Homarus americanus American lobster $388 589 931 BMS ∗
Anguilla rostrata American eel $20 166 770 SRFH ∗
Mya arenaria Soft shell clam $16 676 325 BPH ∗
Brevoortia tyrannus Atlantic menhaden $12 066 941 BMS ∗
Placopecten magellanicus Atlantic sea scallop $8 768 193 BMS 
Groundfish species Atlantic cod and more $3 593 578 BMS ∗
Strongylocentrotus droebachiensis Green sea urchin $2 679 282 BMS ∗
Clupea harengus Atlantic herring $1 889 359 BMS 
Alosa pseudoharengus River Herring $1 534 276 SRFH 

Salmo salar Atlantic salmon Confidential SRFH 

Osmerus mordax Rainbow smelt Confidential SRFH 

Pandalus borealis Northern shrimp Closed BMS 

All value estimates are in USD and represent preliminary values provided by the MEDMR landings group. MEDMR data is stored in an internal database 
(MARVIN) and non-confidential data is publicly available. Bureau within MEDMR that leads the monitoring and research programmes that support these 
fisheries in Maine (BMS: Bureau of Marine Science; SRFH: Bureau of Sea-Run Fisheries and Habitat; and Bureau of Public Health). Asterisks indicate these 
programmes are reviewed in this manuscript, while all other programmes are presented in the supplementary data . For a full list of MEDMR commercial 
fisheries information: https:// www.maine.gov/ dmr/ fisheries/ commercial/ landings-program/ historical-data . 

Figure 1. Maine American lobster ( Homarus americanus ) landings (metric tonnes) and e x-v essel v alue from 1950 to 2022 as reported b y the MEDMR 

landings programme. All 2022 values are considered preliminary, and all data is reported from Maine lobster dealers. Mandatory dealer reporting was 
started in 2004. 
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conducted, eventually suspended because of funding and re- 
dundancy with growing landings reporting requirements for 
harvesters and dealers. The MEDMR LSS Program was initi- 
ated in 1985 at the request of industry, managers, and scien- 
tists to gain insight into the discarded portion of the lobster 
population that supports the most economically important 
single-species fishery in Maine coastal waters. Participation by 
commercial boats is voluntary and not random, but trips are 
distributed spatially and temporally within each month. Sam- 
plers work collaboratively with the captain and record fishing 
effort information, biological data on lobsters, and any by- 
catch data. The LSS Program has expanded over time. From 
985 through 1997, three ports were sampled once a month
ith the same fishermen annually May through November. In 

998, the programme expanded, increasing participation and 

ampling areas to include all seven Maine Lobster Manage- 
ent Zones (LMZ) from May through November ( Figure 2 ).
The MEDMR VTS began in 2006 as part of a regional

ffort to develop a fishery-independent trap survey that tar- 
ets the juvenile lobster population using a random stratified 

esign that can be compared across the region (McManus 
t al., 2021 ). While there have been changes over time, the
urvey design remains stratified by depth with 276 randomly 
elected sites in 2022. As of the writing of this manuscript,

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
https://www.maine.gov/dmr/fisheries/commercial/landings-program/historical-data
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Figure 2. Lobster Management Zones (LMZ) along the coast of Maine. Each Lobster Management Zone (A–G) is scheduled for three LSS Program trips 
monthly, May through November, in addition to other MEDMR lobster surveys and research. 
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he VTS programme contracts with nine commercial lobster
oats, selected through competitive bid, across the coast to de-
loy survey traps with no escape vents. Samplers collect simi-
ar biological data to the LSS Program for all species observed,
ith each trap counted and measured separately; temperature

s also collected. 
The MEDMR Lobster Settlement Survey is a SCUBA diving

urvey that serves to collect and index newly settled young-
f-year (YOY) lobsters. American lobster larvae hatch from
ggs in the late spring and early summer, develop through four
lanktonic larval stages, and then settle on to the sea floor
or the remainder of their life history phases (Factor, 1995 ).
hese surveys occur annually at fixed sites in October and
ovember after the peak in settlement is presumed to have
ccurred. MEDMR divers use venturi suction sampling meth-
ds with mesh collection bags to survey the half-metre-square
uadrats. Data is entered into MEDMR’s MARVIN database
see supplementary data for more on MARVIN and MEDMR,
023b for survey sampling design) and is also submitted to
he American Lobster Settlement Index regional collaborative
McManus et al., 2023 ). The lobster settlement surveys be-
an in 1989 in the western region of the Maine coast as a
artnership between the University of Maine and the Bigelow
aboratory for Ocean Sciences (Wahle et al., 2010 ). In 2000,
EDMR funded and expanded the survey to include a min-

mum of four sampling stations in each of the seven lobster
anagement zones. By 2005, MEDMR was fully supervising

he monitoring effort, and as of present day, MEDMR now
amples 40 fixed stations, of which 38 have been sampled con-
istently since 2001. 

MEDMR began conducting a planktonic, pre-settlement
arval lobster survey in 2018 after a preliminary 2017 survey
mplemented in collaboration with Hood College. The four
ites in LMZE that are currently sampled from mid-June to
eptember on a biweekly or weekly basis are a subset of an
riginal 12 sites monitored by other research groups using a
evised version of this neuston net-based survey design (In-
ze et al., 2006 ; Annis et al ., 2007 ). The larval lobster survey
ccurs on a MEDMR vessel and evaluates the abundance of
arvae and documents the seasonal occurrence of larvae each
ear prior to settlement. 

Data from the VTS, LSS, and Settlement programmes
ontribute directly to the ASMFC American Lobster Stock
ssessment, which is completed every 5 years. Many aca-
emic partners have used these data to conduct investi-
ations of maturity , fecundity , sex ratio, geographic vari-
tion, growth, and trap selectivity that have additionally
ontributed to the assessment. MEDMR scientists represent

aine in the ASMFC stock assessment process (stock as-
essment subcommittee and technical committee) and use
SS, VTS, and Settlement data along with their associated
nalyses to make recommendations to fishery managers and
old discussions with the fishing industry to understand
he dynamics of the lobster population and fishery. Biolog-
cal and environmental data collected by these programmes
cross life history stages are used to evaluate the poten-
ial impacts of management tools used in the lobster fish-
ry, including the minimum harvest size, the protection of
vigerous females, and the number of traps used by har-
esters. 

(2) Atlantic menhaden ( Brevoortia tyrannus ) 

Atlantic menhaden are one of the most ecologically and eco-
omically important fish species in the western Atlantic. They

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
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Figure 3. Maine Menhaden ( Bre v oortia tyrannus ) landings (mt) and value from 1950 to 2022 as reported by the MEDMR landings programme. All 2022 
values are considered preliminary, and 2016–2022 data are from harvester-reported data, value added from average price per pound from dealer data. 
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are planktonic filter-feeding fish that occur in large migratory 
schools in estuaries and coastal waters from Nova Scotia to 

northern Florida (ASMFC, 2019 ). It is believed that larger,
older fish migrate farther north, and these are the fish that 
make it to Maine’s coastal waters (ASMFC, 2019 ; Liljestrand 

et al., 2019 ). In the recreational fishery, fish are most caught 
by snagging using hook and line. Purse seines and various 
types of gill nets are the primary commercial gear types used 

in Maine. In recent years, landings in the state of Maine have 
increased significantly compared to historical data, with land- 
ings in 2016 of 6.1 million pounds (2782 mt) valued at $1.94 

million to 22.1 million pounds (10038 mt) valued at $9.5 mil- 
lion in 2021 (MEDMR landings, 2023 ; Figure 3 ). MEDMR 

recorded 507 commercial and 513 noncommercial harvester 
licenses issued in 2022. 

Currently, MEDMR requires daily and weekly electronic 
landings reports from commercial fishermen depending on 

gear permit type and the fishery is managed at the state 
level using a set quota determined each year by ASMFC.
Recreational landings are recorded through NOAA’s Marine 
Recreational Fisheries Statistics Survey (MRFSS) and MRIP.
MEDMR conducts portside biological sampling of Atlantic 
menhaden following ASMFC’s fishery management plan re- 
quirements. These fish are collected from fishing vessels and 

brought back to the lab to be analysed for length, weight,
and age (see supplementary data for detailed methodology 
and data processing). While the survey and sampling meth- 
ods have remained relatively consistent, there have been many 
changes in regulations and assessments both at the state and 

regional levels during this time frame. MEDMR scientists rep- 
resent Maine and data collected by MEDMR by serving on 

the ASMFC Stock Assessment Sub-Committee and Technical 
Committee for this species. One of the big changes occurred 

in 2020, when ASMFC started using both the Atlantic Men- 
aden Single-Species and Ecological Reference Point (ERP) 
ssessments to define stock status (Chagaris et al., 2020 ). The
RP assessment evaluates the health of important prey species 

n an ecosystem context, using a Model of Intermediary Com-
lexity for Ecosystems (termed MICE) to examine Atlantic 
erring ( Clupea harengus ) and menhaden stock status rela-
ive to the predation demand by commercial and recreation- 
lly important species such as striped bass, bluefish ( Pomato-
us saltatrix ), and spiny dogfish ( Squalus acanthias ). Using

his approach, managers were able to examine tradeoffs and 

et goals in consideration of prey species removal, predator 
iomass/utilization, as well as incidental impacts on bird and 

ther fish populations (ASMFC, 2020 ). This is the first use of
uantitative ERPs for a forage species in the US, and MEDMR
esearchers supported the development of this ERP and are 
urrently considering how to best support this type of assess-
ent framework while moving forward in meeting regional 

ampling requirements. Current data support includes efforts 
o increase food habits data from important menhaden preda- 
ors, such as bluefin tuna ( Thunnus thynnus ) and groundfish. 

(3) Monitoring in support of commercial shellfish harvest- 
ing 

In Maine, the soft-shell clam fishery consistently ranks as
ne of the most valuable fisheries in the state with a value
f over $16 million in 2022 (MEDMR landings, 2023 ). Be-
ause bivalve shellfish are filter feeders, they can accumulate 
iotoxins from toxin-producing phytoplankton species. Mon- 
toring harmful algal blooms (HABs) is essential to support- 
ng the harvest of this species and other bivalves, which is
ictated and enforced on the municipal level. MEDMR has 
aken steps in recent years to develop programmes in light
f the lack of coastwide resource monitoring surveys or as-
essment programmes in Maine to help address resource data 

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
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Figure 4. Total weight landed (mt) and value of the landings of ten groundfish species in Maine from 1951 to 2019 as reported by the MEDMR landings 
programme. 
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eeds. The MEDMR Bureau of Public Health’s Growing Area
rogram ensures bivalve shellfish sanitation for recreational
nd commercial harvest activities, including both aquacul-
ure and wild harvest. Toxin-producing phytoplankton in
he GOM include Alexandrium spp., Pseudo-nitzschia spp.,
rorocentrum lima , and Dinophysis spp. MEDMR adheres

o the National Shellfish Sanitation Program Model Ordi-
ance, which defines management policies, sampling strate-
ies, testing methods, and closure and reopening criteria for
iotoxins along with pathogenic bacteria, including Vibrio
pp. and E. coli , viruses, and other deleterious substances
see supplement for MEDMR programme survey methods ).
iotoxin monitoring in Maine began in 1957 by request of the
S Public Health Service following an epidemic of paralytic

hellfish poisoning in New Brunswick, Canada. Once the pres-
nce of paralytic shellfish toxin (PST) was confirmed, routine
ivalve shellfish testing began in 1958 using the approved bio-

ogical testing method, mouse bioassay (State of Maine House
f Representatives, 1988 ). Phytoplankton monitoring was in-
orporated into the programme as an early warning system
n 1996. MEDMR transitioned from a biological to a chem-
cal testing method for PST testing in 2014. Phytoplankton
ell count triggers for shellfish sampling have been established
ased on historic data and procedures adopted by other states
ith similar harmful algal species. Alexandrium spp. is preva-

ent along Maine’s coastline during summer months and if
oxin is detected or Alexandrium cell count triggers are met
t any of the “primary” sampling stations, additional nearby
secondary” stations are then also sampled weekly for the du-
ation of the bloom event to define the area of impact. Bivalve
hellfish tissue is collected for testing based on corresponding
hytoplankton cell count trigger points. Regional closures are
nstituted on or about 1 May as a management strategy, allow-
ng resources to be primarily devoted to areas of commercial
mportance. 

The primary purpose of the data collected by this pro-
ramme is for the MEDMR to make bivalve shellfish clo-
ure and reopening decisions. Shellfish tissue results from the
rimary sampling stations collected for PST analysis are dis-
ributed weekly via a listserv for research purposes and neigh-
ouring state shellfish authorities’ awareness. Phytoplank-
on counts for all HAB species along with predictive mod-
lling for PST are uploaded weekly during the biotoxin sea-
on to MEDMR’s website and made available to the public
MEDMR, 2023a ). 

(4) Groundfish (multiple species) 

The New England groundfish fishery encompasses 13 dif-
erent species, including the Atlantic cod ( Gadus morhua ),
rguably the most well-known vertebrate species in this re-
ion. Once common in coastal Maine waters, it is now at
istorically low levels of biomass, with many of its spawn-

ng grounds in Maine now gone (Ames, 2004 ). Other species
uch as haddock ( Melanogrammus aeglefinus ) , white hake
 Urophycis tenuis ) , pollock ( Pollachius pollachius ), Atlantic
alibut ( Hippoglossus hippoglossus ), and flatfish such as
inter flounder ( Pseudopleuronectes americanus ), American
laice ( Hippoglossoides platessoides ), and witch flounder
 Gl yptocephalus c ynoglossus ) are also species targeted by the
roundfish fishery. Each of these species has seen similar de-
lines in abundance from historical overfishing, but some have
ebuilt to levels to support commercial and recreational fish-
ries in Maine. Overexploitation of groundfish stocks oc-
urred after landings peaked in 1954 (45983.44 mt) and today
andings remain low in Maine (1470.61 mt in 2019; Figure
 ). The boats and primary gear used to target groundfish are
ottom trawls, gillnets, and hand gear. Although Maine has a
mall portion of active vessels in the groundfish fishery ( ∼30
oats landing catch in Maine annually) compared to the past,
his fishery is still economically and culturally important to
he state (MEDMR landings, 2023 ). 

The groundfish fishery is federally managed by the NEFMC
ith state management measures aligned with federal guide-

ines. MEDMR science staff are tasked with representing

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data


Reflecting on the recent history of coastal Maine fisheries and marine resource monitoring 2081 

 

 

 

 

y
f
e  

r  

(  

g  

6
v
t  

e
e  

t  

h  

s  

L
s  

n  

l  

r  

a
r

 

a  

J  

d  

c  

U
i  

“
h
(  

v
i  

m  

l
t  

1  

s  

l  

s  

l  

2  

u

t  

c
i
m
b
g
t
n  

M
s
a
e
c  

i  

D  

t
h  

D
ow

nloaded from
 https://academ

ic.oup.com
/icesjm

s/article/80/8/2074/7257039 by guest on 12 D
ecem

ber 2023
Maine on the NEFMC groundfish plan development team 

(PDT) and staying apprised of regional conversations around 

the research and management of these species as well as pro- 
vide feedback on potential meeting actions. Although the fish- 
ery is managed under a multispecies fishery management plan,
each species in this plan has its own stock assessment and 

management recommendations, including a minimum harvest 
size. Recreational catch of these species is recorded through 

the MRIP, including the Access Point Angler Intercept Survey 
(APAIS) with sampling occurring onboard headboats during 
fishing trips. The NOAA Northeast Fisheries Science Center 
(NEFSC) bottom trawl survey is the main monitoring pro- 
gramme for management, but the MEDMR developed the 
Maine-New Hampshire Inshore Trawl Survey (MENH sur- 
vey) in the fall of 2000 to obtain data for the inshore areas of 
the GOM to study historically important spawning grounds 
and nursery areas (Ames, 2004 , 2012 ). 

The MENH survey is a multispecies survey that provides 
data for management of multiple species in the GOM. This 
survey is a peer-reviewed standardized stratified random sur- 
vey, stratified by depth and longitudinal regions, conducted 

in the spring and fall every year (Sherman et al., 2005 ). In 

the beginning of this survey only three depth strata were sam- 
pled, but in the fall of 2003 a fourth depth stratum was added 

to sample deeper inshore areas with higher intensity than the 
NOAA survey (MEDMR, 2023c for site map and data por- 
tal). Few changes have occurred over the years with most 
changes being the collection of additional data or parame- 
ters for selected species. For example, starting in 2005, the 
survey started collecting age and maturity data for selected 

groundfish species to provide additional data for their stock 

assessments. In 2020, additional environmental data began 

to be collected to expand on the current environmental data 
collected (water column temperature, salinity, dissolved oxy- 
gen, pH, turbidity, and fluorescence). The survey has now cre- 
ated a long time series for many species and the data collected 

are used in more assessment models for many groundfish and 

non-groundfish species, such as American lobster. In addition 

to being used in stock assessment models and by MEDMR 

researchers, scientists throughout the country have also used 

data collected on this survey to evaluate the impacts of climate 
change on groundfish and other species in the GOM. 

(5) American eel or elvers ( Anguilla rostrata ) 

The elver fishery has been a financial boon to all parties 
involved as this fishery is the highest valued (based on price 
per pound) in the state and potentially the entire east coast of 
the US. Since 2012, the price has averaged $1676/lb. Land- 
ings fluctuated between 1999 and 2011 until they peaked 

(and almost tripled) in 2012 at just over 21000 lbs/9525 kg 
(MEDMR landings, 2023 ). This is a quota-based fishery with 

a current quota of 9688 lbs/4394 kg split amongst the State 
of Maine and the four indigenous tribes (Micmac, Maliseet,
Penobscot, and Passamaquoddy). The value of this species 
makes this a competitive fishery in Maine with a cap of 425 

licenses and a raffle each year to award the few available li- 
censes. The four tribes issue separate licenses for this species.
MEDMR began reporting commercial elver dealer reporting 
in 1998 (MEDMR issued 16 elver dealer licenses in 2022),
and trip-level harvester reporting started in 2007. 

MEDMR also conducts life history research and moni- 
toring on this species (MEDMR, 2023d ). MEDMR surveys 
all life phases of the American eel: glass eels represent the 
oung-of-year (YOY), elver phase are young eels migrating 
rom the ocean to freshwater environments, yellow phase are 
els growing to adulthood, and silver phase are mature eels
eturning to the Sargasso Sea to spawn. The annual YOY
glass eel) abundance survey has been carried out at a sin-
le location in Maine (West Harbor Pond, 43 

◦51’19.7"N,
9 

◦38’46.5”W) consistently each spring since 2001. This sur- 
ey uses two specially made eel passages (ramps) attached 

o the dam at the outlet of the pond to collect in-migrating
els. During sampling, glass-phase eels are separated from 

lver eels; both stages are quantified by weight or number,
hen all eels are released into West Harbor Pond. MEMDR
as deployed baited eel pots in West Harbor Pond during the
ummer and early fall each year to survey yellow-phase eels.
astly, MEDMR conducts an annual survey of out-migrating 
ilver phase eels from this same location by deploying a fyke
et near the outlet of the pond to capture silver phase eels
eaving in the fall. Each year, MEDMR staff summarize the
esults of the YOY, yellow eel, and silver eel surveys into
 compliance report (see supplement for full methods and 

eporting). 

(6) Green sea urchin ( Strongylocentrotus droebachiensis ) 

The Maine green sea urchin fishery began in earnest when
 new market for the spiny echinoderm’s roe developed in
apan in the late 1980s. Early days of this fishery have been
escribed as a “wild west”, with people flocking to Maine’s
oastal waters in the winter to dive or drag for “green gold”.
nfortunately, the early days of widespread, unregulated fish- 

ng led the Maine urchin fishery to fit the model of a classic
boom-bust” fishery, where landings from a new fishery are 
igh—then rapidly decline to low levels due to over-fishing 
Chen and Hunter, 2003 ; Berkes et al., 2006 ). Significant har-
esting of this once-considered “pest” species began in Maine 
n 1987 with no management rules, and by the time manage-
ent controls began to take shape in 1994, there were 2725

icensed harvesters. Due to steadily declining urchin popula- 
ions, a moratorium on issuing new harvester licenses began in
994, making the green sea urchin Maine’s first closed access
tate fishery. A limited, annual lottery allowed for some new
icenses between 1999 and 2004, with no new licenses issued
ince, and urchin recovery in the GOM remains uncertain. A
imited urchin fishery is still conducted in Maine with over
00 licenses issued, but with < 100 active fishers harvesting
rchins from fall to early spring (Hunter, 2022 ). 
Today, harvesters (divers and draggers) use calendars set by 

he MEDMR with advice from the Sea Urchin Zone Coun-
il, an industry co-management group comprised of seven 

ndustry elected members (harvesters or dealers) and eight 
embers appointed by the MEDMR Commissioner that may 
e from the industry or marine science communities. This 
roup meets at least once a year and makes recommendations 
o the Commissioner on the harvest season, fishery license 
umbers, and research recommendations (MEDMR, 2023e ).
anagement controls for this fishery include set harvest sea- 

ons, daily quota restrictions, and harvest size restrictions. An 

nnual dive survey done in collaboration with industry to 

valuate urchin distribution and abundance along the Maine 
oast was started by MEDMR in 2001, dividing the coast
nto nine regions for sampling (see supplement for methods ).
ue to reduced funding and fishery activity in recent years,

he dive survey was geographically reduced by more than 

alf in 2011, focusing on the eastern portion of the Maine

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
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oast with the largest urchin abundance. Data provided for
shery management are portside sampling and harvester in-
erviews conducted during the fishing season, landings data
eported daily from buyers, and fishing effort reports from
arvesters. 
Primary users of MEDMR’s data include MEDMR man-

gers, the Maine Sea Urchin Zone Council, the Maine
tate Legislature, and academic institutions. Other MEDMR
rojects have included an urchin translocation experiment,
esting large-mesh diver catch bags and drag escape panels,
he development of an urchin population dynamics model,
onducting harvester opinion polls, and employing track-
rs on urchin harvester vessels in specific areas. This is a
pecies and fishery where the MEDMR data collected are used
ithin the state of Maine, and unlike many of the other fish-

ries we describe is not managed with other state or federal
artners. 

escriptions of MEDMR fisheries programmes 

hese fisheries and associated MEDMR programmes repre-
ent only a portion of MEDMR scope of work with coastal

aine fisheries. See the supplementary data for more method-
logies and additional programme descriptions, fisheries
rends, and MEDMR data management for the programmes
escribed here as well as MEDMR programmes for Atlantic
erring ( Clupea harengus ), Atlantic Salmon ( Salmo salar ),
tlantic Sea Scallop ( Placopecten magellanicus ), MEDMR’s
atabase (MARVIN), Municipal River Herring ( Alosa pseu-
oharengus , Alosa aestivalis) , northern shrimp ( Pandalus bo-
ealis ), Rainbow Smelt ( Osmerus mordax ), and the MEDMR
ecreational Fishing Program. 

iscussion 

essons learned 

ooking back on the last several decades of the commercial
sheries of the GOM, we explored how MEDMR adapted
rogrammes during both the rise and dominance of benthic
rustacean species, the near collapse of the groundfish sec-
or, and emergence of fisheries unique to coastal Maine wa-
ers. MEDMR and state agency staff across the coast have
een called upon by both the Maine Climate Council (MCC)
nd our industry collaborators to acknowledge the impacts
f climate change on the local marine environment and the
istribution, abundance, and phenology of the species that
upports the region’s coastal economy. One facet of our ap-
roach to addressing all three of the challenges we describe
s to sustain the long-term environmental and resource moni-
oring programmes that provide increasingly valuable ecosys-
em and fishery datasets. For example, the MEDMR main-
ains a sea surface temperature (SST) record going back to
905 in Boothbay Harbor, making it one of the longest con-
inuous SST datasets in the northwest Atlantic and the longest
n the GOM (MEDMR, 2023f ). The MENH Inshore Trawl
urvey has been collecting benthic ecology and environmen-
al data coastwide since 2000 and has a sustained continuous
imeseries in the fall, only missing one survey in the spring
uring the pandemic when most other surveys were halted
MEDMR, 2023c ). This survey was created to meet the need
or a standardized survey monitoring in the nearshore area
f the GOM, and the consistency across a large area paired
ith the expansion into oceanographic measurements will be
entral to addressing the MCC’s recommendations related to
cosystem-level research and in support of coast-wide envi-
onmental monitoring. 

Using these long-term and regionally specific datasets
aired with historical literature will also be key for elucidat-
ng trends driven by other climate-related forcings and the
ole commercial species such as Atlantic menhaden play in
he ecosystem. As far back as the 1800s, menhaden was re-
uced into fish oil and fishmeal at coastal reduction plants,
ut today, menhaden in Maine are primarily used for lobster
ait and a small amount for bait in marine recreational fishing
ASMFC, 1999 ). Modern landing data and historical observa-
ions in the GOM support patterns of high abundance periods
1–20 years) followed by periods of disappearance for up to
0 years with these cycles occurring since at least the 1840s
ASMFC, 2022 ). There have been numerous studies into the
auses of these large swings in abundance; possible causes are
shing pressure, broad-scale environmental factors, and other
ceanographic processes like the Atlantic Multidecadal Oscil-
ation (Buchheister et al., 2016 ). Without fishery-based obser-
ations and documentation, we would lack an understanding
f changes in the commercial use of this species and its distri-
ution into the GOM. MEDMR and other GOM researchers
ave already documented the complexity and begun to under-
tand larger climate impacts on key marine stocks. However,
ore in-depth analyses and modelling of historical MEDMR
ata are needed to better plan for future research and resource
anagement decisions that will be applicable to all marine re-

ource scientists and managers. 
The ability of natural resource agency staff to nimbly adapt

o changes in the ecosystem and social-economic influences
s key to successful resource monitoring as MEDMR scien-
ists have done to support commercial fisheries in the face of
nexpected natural disasters and external forces. For exam-
le, elver fishing in Maine exploded after two international
vents: the 2012 tsunami in Japan and a crash of the European
lver market. Facing potential fisheries closures by ASMFC
o control harvest in Maine, the MEDMR contracted with
luefin Data LLC to develop a swipe card programme called

he “Elver System”. The “Elver System” has gone through
any iterations over the years but has provided the MEDMR
ith a secure way to ensure that the illegal sale of these highly

aluable species is kept to a minimum. MEDMR issues each
tate license holder a swipe card with their own individual
shery quota that they are responsible for tracking. Since
014, all elvers sold in Maine have been documented through
his swipe card process, marking a novel addition to fisheries
uota tracking in the northeast US. This innovation and suc-
essful collaboration with multiple stakeholders have made it
ossible for MEDMR staff to adapt to fundamental shifts in
he resource, sustain research, and better prepare for future
ears of harvest. 

Another connective thread between these fisheries and
EDMR’s experience studying them is the challenge of moni-

oring commercial species in a manner that balances the needs
f local, state, and regional fishery assessment structures. The
oft-shell clam industry, at times rivalling lobster in participa-
ion and second in value, has struggled to implement consis-
ent surveys as administered through municipal management
nd assessment. To protect public health, and perhaps to be a
ackstop for the lack of coordinated assessment and manage-
ent, a robust biotoxin programme has maintained a remark-

ble level of food security for this fishery. This programme is

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad134#supplementary-data
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an example of one that has already had to adapt to a chang- 
ing ecosystem, as collaborations with other state agencies in 

2016 and 2017 confirmed the first documented occurrence of 
the highly toxic Pseudo-nitzschia australis in the GOM and 

have been observed every year since. The introduction of this 
species to Maine waters has been hypothesized to have come 
from the Scotian Shelf based on observations and modelling 
work with an ultimate origin in the North Atlantic near the 
United Kingdom and blooms likely sustained in the GOM by 
warming water temperatures (Clark et al., 2021 , 2022 ). To 

develop programmes in support of fisheries require MEDMR 

scientists and other natural resource agency researchers to stay 
up-to-date on the key growth, reproductive, and movement 
characteristics of multiple species across trophic levels. We ac- 
complish this through applied research, collaborations with 

academia, and a willingness to take observations from the field 

into the realm of survey design. This is a complex task, but as 
climate change continues to accelerate and cause shifts at the 
ecosystem level, it will be key to balance the needs of manage- 
ment structures with monitoring programmes that align with 

the core biology of each species that supports a commercial 
fishery. 

Preparing for the future 

In several of the programmes we describe above, new 

MEDMR researchers have taken over these programmes in 

the last 5 years from staff that worked for the MEDMR for 
20 + years. This transition in leadership comes with the re- 
sponsibility of carrying these data streams forward in the face 
of fluctuating or uncertain funding while also meeting univer- 
sal requests of broader data availability and climate-focused 

analyses. This also comes with the responsibility of experi- 
enced agency staff to share institutional knowledge and ob- 
servations with new programme leads. The Maine urchin fish- 
ery, as described in the previous phase provides one example 
of this as a species that has experienced high fishing pressure,
vulnerability to new predation and warming waters, and mul- 
tiple forms of research to try to support recovery. Because 
sea urchins are important algal grazers, the widespread re- 
moval of urchins from benthic communities caused an alter- 
nate stable state to take hold, replacing urchin barrens with 

algal-dominated habitat that harbours urchin predators, in- 
cluding large migratory Cancer borealis crabs (Steneck et al.,
2013 ). Increased predation along with historically heavy fish- 
ing pressure have made the road to recovery for urchins a diffi- 
cult one. With this knowledge gained from multiple attempted 

recovery studies shared by career MEDMR employees, new 

agency research staff are reaching out to both the remaining 
industry members and external researchers to define new re- 
search priorities and directions with the benefit of historical 
context. Another way staff have met these needs and shared 

these insights more broadly is by building data portals to dis- 
seminate their work and all appropriate metadata needed to 

understand these decades-long datasets in context (MEDMR 

2023c , f ; MEDMR landings, 2023 ). These sustained datasets 
and accumulated experiences will be central to guiding new 

researchers tasked with developing programmes to monitor 
the potential impacts of climate mitigation and adaptation ac- 
tivities, including the development of offshore wind leases in 

the GOM. Government agencies are uniquely poised to sus- 
tain long-term environmental or multi-species programmes,
and making investments in these types of work will be key 
or readying ourselves and our stakeholders for the inevitable 
mpacts of climate change. 

New staff investing time in equitable research and co- 
anagement relationships will be paramount to continuing 
EDMR science programmes into the future. Industry mem- 

ers, such as those within the lobster supply chain, routinely
ake an active role in MEDMR research projects in addition
o active participation in MEDMR monitoring programmes.
ne example is partnering with Inland Seafood (Boothbay,
E, USA) to hold lobsters in enclosures within their lobster

ound to record observations over several months. Another is
ooperating with the live lobster packaging facility at Ready 
eafood (Portland, ME, USA) to sort through and secure lob-
ters that meet precise physical guidelines and are also sourced
rom specific locations. These partnerships have led to pro- 
uctive research projects that use time, money, and space effi-
iently while drawing on local expertise to improve the setup
nd execution of our experiments. 

Many of the MEDMR monitoring and assessment surveys 
re built on industry relationships established over long peri- 
ds of time. One unique aspect of the MENH inshore trawl
urvey that sets it apart from other fishery-independent sur- 
eys in the region is that it is a collaborative survey that works
ith and uses a commercial fishing vessel as the research plat-

orm. Fishermen were directly involved in the development 
f the survey and are still involved with survey operation
nd catch processing. Investing in highly collaborative rela- 
ionships like these under a changing workforce brings novel 
hallenges that many natural resource scientists throughout 
he world are experiencing. Recognizing the contributions of 
ommercial fishers and incorporating their expertise into mul- 
iple aspects of assessment is a well-recognized approach to 

uccessful fisheries research and management, and this will be 
 key part of MEDMR’s approach to each of the three chal-
enges (Sampedro et al., 2017 ; Hare, 2020 ). 

Successful management-science approaches used in Maine 
or the lobster fishery and other species have collaboration 

ith the fishing industry and on-the-water observations at 
heir core (Acheson et al., 2000 ). Perhaps the most singular
xample of this in Maine’s most iconic fishery is the long his-
ory of “v-notching”, a mark made on a uropod of an oviger-
us female making it illegal to harvest. This practice was for-
alized by the Maine legislature in the early 1900s, and in
995, regional regulation was enacted to mark ovigerous fe- 
ales and forbid them from harvest in the commercial fishery

Acheson and Gardner, 2011 ). This conservation measure was
alled into question in the 1980s when opponents (state, in-
erstate, and federal) spoke against the practice and tried to
bolish it from the fishery despite its well-established history 
nd ground support from harvesters and across the industry 
Acheson and Brewer, 2003 ). In recent years, MEDMR and
ther researchers have paired industry knowledge of this prac- 
ice with MEDMR lobster programme data (which records 
he presence and type of v-notch on each female) to quan-
ify the immense long-term benefits this conservation mea- 
ure has had on the population and the GOM fishery (Le
ris et al., 2018 ; Mazur et al., 2019 ; ASMFC, 2023 ). Cur-
ently, MEDMR has one of the few broadscale monitoring 
rogrammes that studies all life stages of the American lob-
ter from planktonic larvae to adults harvested in the fish-
ry. This scope of life-history data has given MEDMR re-
earchers the context for answering industry questions about 
otential changes and provide robust feedback on proposed 
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anagement or conservation measures, such as proposed
hanges to harvestable sizes, in addition to providing indus-
ry perspectives and interpreting MEDMR datasets for the
SMFC (ASMFC, 2023 ). Investing in this comprehensive ap-
roach to species monitoring will likely prove even more valu-
ble in the face of life-stage-specific responses to changing con-
itions. 
We believe there are lessons to be learned and consider-

tions in MEDMR’s recent history for all natural resource
gency scientists about how to prepare agency staff, pro-
ramme managers, and the research community for the multi-
aceted challenges that inevitably lie ahead. MEDMR is
nalysing current and historical data for each programme or
urvey to answer questions about current resource monitor-
ng survey designs relative to shifting resources and assess-
ent methods. For example, do surveys designed to mea-

ure population distribution with fixed annual start dates still
ake sense in the GOM? This will require anticipating the im-
acts of any survey or programmatic changes to the users of
hese data. Given the regional nature of most marine fisheries,
oth in range and management, any changes in methodologies
ill need to be prepared for by stock assessment scientists or

alibrated with state and federal research partners. The in-
estment into building climate-resilient programmes over the
oming years will be focused on collaborations with both our
ndustry research partners and university faculty across the
egion. 

State agency scientists regularly work with external biol-
gists, oceanographers, and social scientists to provide data
nd advance shared research interests. The goal is to con-
inue these collaborations moving forward and encourage re-
earchers in this sector to meaningfully engage in projects
hat directly support survey design and fisheries management.

e have learned collaborations should include regular discus-
ions to develop timely questions, leveraging the investments
f state and federally funded programmes to secure expanded
unding to support novel work, and sharing results with key
takeholders in a timely manner. Warming temperatures and
rojected shifts in habitat use will also continue to blur stock
oundaries and international stock distinctions, so changes
o research and monitoring programmes must be communi-
ated or made in concert with the Department of Fisheries
nd Oceans or the appropriate international partners (Persh-
ng et al., 2021 ). 

To be successful, such work must involve complex reflection
nd in-depth understanding of the programmes that comes
rom documenting institutional knowledge as well as changes
dentified by experienced research partners and co-managers.
s we describe in the preceding sections, we have sustained
r fundamentally changed some of these programmes to meet
he needs of resource assessment frameworks while ground-
ruthing our work using the insights of our federal, academic,
nd industry research partners. The choice that many com-
ercial fishermen make to share observations, participate in

esearch, and work with MEDMR has allowed us to collate
bservations from across Maine’s extensive coastline to an-
icipate changes in a resource or the GOM ecosystem before
ormally documented in the research community or in stock
ssessments. This has allowed MEDMR staff to advocate for
hese points of view and translate them into key program-
atic choices. In order to advance the MEDMR mission both
ow and in the future, continuing to invest and value the
bservations and insights of the commercial fishing indus-
ry will prove essential. This includes recognizing that the in-
ustry’s participation in our scientific work can often come
s a sacrifice in time that could be invested in their own
shing operations. MEDMR sees the investment in a suite
f mutually valuable relationships as integral to the success
f marine resource monitoring and assessment moving for-
ard, and we hope to continue to collaborate with other nat-
ral resource agencies, academic researchers, and fishing in-
ustry members to best prepare and move into the future
ogether. 
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Trawl Survey programme is NOAA (NA22NMF4540361) 
and Wallop-Breaux sportfish restoration funding through the 
United States Fish and Wildlife Service (F23AF00265). The 
MEDMR has been the primary funding source for monitoring 
elver landings through the “Elver System” and the elver and 

glass eel survey is supported by a State of Maine dedicated 

fund to support research on this species. MEDMR urchin re- 
search and surveys are funded by State of Maine funds, in- 
cluding the MEDMR Urchin Research Fund. 
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