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Introduction
The Resilient Fisheries RI project is a two-year collaborative learning exercise
coordinated by, with, and for Rhode Island’s fishing industry to address
uncertainty about the future and design strategies to keep Rhode Island fisheries
thriving for the next generation.
What began as a conversation about vulnerability and adaptation in the face
of climate change branched out into a broader conversation about how
changes in demographics of the industry, orientation of our seafood markets,
ownership dynamics of the fishing fleet, temperature and oceanic patterns,
and water chemistry changes in Narragansett Bay contribute to a body of
stressors that act on the seafood industry in cumulative fashion and require a
coordinated response.
The Resilient Fisheries RI project is not affiliated with any one particular
organization. Rather, it is coordinated as a communication and informationsharing network that is open to anyone in Rhode Island's fishing industry. A tenpart series of winter workshops taking place between December 2016 and
February 2017 provided space for participants to meet and exchange views in
person, while a project list serv and web-based discussion forum encouraged
participants to keep conversations going outside of meetings.
This winter workshop series was Phase II of the Resilient Fisheries RI project. Phase I
was a series of 48 one-on-one interviews carried out by the Project Coordinator
from January - August 2016. Interviewees included captains and crew of fishing
vessels and owners and employees of seafood and shoreside support
businesses. They included fishermen from every port in Rhode Island, covering
many different gear types and target species. Interviews were free-roaming
conversations about climate change and variability: ways it is affecting
the species that Rhode Island fishermen depend on, ways that fishermen are
adapting to changes in timing and distribution of target species, barriers that
stand in the way of adapting, contextual factors that condition fishermen's
ability to adapt to change, and what it means to be resilient - both at the level
of the individual fisherman and the level of the statewide fishing industry.
The results of Phase I are summarized in "Environmental Change, Vulnerability,
Adaptation, & Resilience: A Summary Report of 48 Semi-Structured Interviews
with Rhode Island Commercial Fishery Stakeholders," available
at www.resilientfisheriesRI.org. Based on the results of Phase I, ten topics were
selected for further exploration through small-group deliberation. These ten
topics formed the basis for the winter workshops summarized in the present
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report.
Each winter workshop lasted two hours and was held on a weekday afternoon.
Workshop locations varied in order to offer convenience to different groups of
fishermen in different parts of the state. Refreshments were provided, and
whenever possible, a location was chosen with access to a bar, in order to keep
the atmosphere relaxed and social.
Nine out of the ten workshops featured at least one guest speaker from outside
the fishing industry. In most cases, guest speakers were natural or social scientists
with expertise in the workshop’s topic. Guest speakers jump-started the
conversation through a PowerPoint presentation in which they shared their own
insights on the day’s topic, before segueing into an extensive exploration of the
topic with the group as a whole. Project Coordinator Sarah Schumann recorded
workshop audio and paired it with slides from the presentations to create videos.
She also transcribed conversations in text form. Video and transcriptions were
posted in a password-protected web-based forum that all members of the
Resilient Fisheries RI network were given access to. In this way, fishermen who
were unable to attend a workshop had the option to view it online.
The remainder of this report provides a brief snapshot of each workshop. A
summary at the end identifies common themes that rose to the surface during
multiple workshops.
These workshops were the second phase of the Resilient Fisheries RI project. The
third phase was a full-day facilitated scenarios planning process held at the
South Kingstown Land Trust Barn on February 21, 2017. The results of that portion
of the project can be found in “Future-Proofing Rhode Island’s Commercial
Fisheries: Phase III of the Resilient Fisheries RI Project,” available online at
www.resilientfisheriesRI.org.
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"Environmental variability and environmental change present a
fundamental challenge to fisheries science and management.
As management has become more restrictive, the ability of
individuals and companies to change naturally as the system itself is
changing creates a greater challenge to the economics of fisheries.
I’m interested in how fisheries and fishermen become more
adaptable and more flexible."
- Dr. Jon Hare, guest presenter
At this workshop, oceanographer Jon Hare joined Rhode Island fishermen for a
chat about how warming water temperatures are affecting commercial
fisheries and what federal fisheries scientists and managers are doing to keep up
with these changes. At the time of the workshop, Dr. Hare had recently assumed
a role as director of the Northeast Fisheries Science Center (NEFSC). Before
taking that position, he was at the NEFSC Narragansett Lab, where he directed
a two-year study to estimate and compare the vulnerability of each East Coast
commercial species to climate change. The results of the Northeast Fish and
Shellfish Climate Vulnerability Assessment can be found at
https://www.st.nmfs.noaa.gov/ecosystems/climate/northeast-fish-and-shellfishclimate-vulnerability/index.
This workshop provided a relaxed and informal setting for fishermen to get to
know Dr. Hare and to get a sense of his priorities as Director of the NEFSC. The
general theme of his presentation was that the model currently used to manage
fisheries is very limited and leaves out many important factors. Rather than
relying on this outdated model, he suggested moving towards an ecosystembased model that incorporates many of the aspects previously left out, such as
habitat, climate, predator-prey relationships, and socio-economic elements.
These were points on which fishermen in the audience heartily concurred. The
workshop was constructive and congenial.
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Dr. Hare began by reviewing the basic model by which all fish are studied and
managed. "First we assume that we have a fish stock," he said. "And that the fish
stock is completely independent from all other fish stocks in the ocean." In this
basic conceptual model of fisheries, additions to the size of the stock come from
two sources: young fish getting older and bigger (growth), and new fish being
born (recruitment). Subtractions from the stock come from two sources: fish
being caught by fishermen (fishing mortality), and fish dying due to predation by
other fish, disease, or other natural causes (natural mortality).
"But we all know that fish don’t exist on their own! They’re surrounded
by predators," interjected the audience of fishermen.
"Exactly!" Hare said. "That's actually my punch line. There are a whole host of
things we don't consider." Not just predation, but also things like habitat: for
example, the fact that Rhode Island has lost over 50% of its coastal wetlands,
and many of our commercial fish depend on wetlands. There are many things
that we know matter, but we don't consider in the models we use for fisheries
management. Climate change is fast becoming the most baffling of these
problematic oversights.

Fishing
mortality

Growth

Fish Stock

Recruitment

Natural
mortality

"We are now facing a fundamental challenge to how we measure, assess, and
use fisheries resources," Hare went on. "A lot of those problems were there
already. Things like not including habitat, not including species interactions. But
now we have this additional issue of environmental change and climate
variability.”
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Dr. Hare then explained the ways in which the basic conceptual model deals
with the past, present, and future. First, the model uses data from the past to
construct a picture of how things "should be." Then, it uses data from the
present to see if a fish stock is where we think it should be, or if it is below that
level (overfished). Then it uses a model to project forward in time, estimating
what will happen to the fish stock if we allow different levels of fishing: Will
it increase? Decrease? Stay the same? Will it get back to where we want it to
go? Then we choose a harvest level that we think will get us where we want to
go, and that becomes our allowable catch limit.
But there’s a central yet problematic assumption in all of this, Hare explained:
“Fundamental to all of this is that growth may be variable, but it has no trend in
time. And recruitment may be variable, but there’s no trend in time. Natural
mortality is variable, but there’s no trend in time. Because there’s no trend in
time, you can project forward and use the rates that you measured before.”
Because the model assumes no long-term change, this basic model becomes
highly inadequate when things in the environment start to change. In his next
point, he explained how things are changing.

Temperature (°F)

58

56

54

FUTURE?

PAST - PRESENT

A schematic – not based on quantitative
analyses

60

"
"
"
"""
"
"
" "
"
" " ""
" ""
"
"
"
"
"
"" "
" " " "" " ""
"
""
"
""
"
""
"
" " " """"
" " "" "
"
"
"
"
" "
" " "
"
"" """ " "
""
"
"
"
"
"
"
"
""
" "" """
"
"" " "
" "
"

52
185
0

190
0

195
0

200
0

205
0

210
0

This graph1 shows the average annual sea surface temperatures from the East
Coast (Cape Hatteras to the Canadian border) between 1850 to 2014, with
This graph was adapted from one created by Jon Hare using data from the
NOAA Extended Reconstructed Sea Surface Temperature dataset (Version 3).
1
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hypothetical temperatures projected out to 2100; the future lines are only a
guess and not based on statistical analyses. On the graph are two lines: a curvy
one that goes up and down and a straight one that goes up steadily.
The line going up and down is variability: this line represents natural climate
cycles that have presumably been occurring since the beginning of time
(although humans have only been keeping track of temperature since the
1805s). The East Coast of the United States has some of the highest climate
variability of any region on the planet. This includes both inter-annual variability
as well as decadal cycles like the North Atlantic Multidecadal Oscillation. This
graph doesn't even show seasonal cycles, which are also occurring at all times.
The straight line going up gradually represents climate change. It only becomes
apparent that it is occurring when you smooth out the bumpy line to view the
underlying trend. In other words, climate change is occurring at the same time
as variability, and it is masked by variability. Sea surface temperature has risen
on average by about 1 degree Celsius since 1850, despite ups and downs in
temperature during that time.
The basic fisheries science and management model described above does not
integrate multi-year climate variability or long-term climate change. While it
does assume that the temperature varies seasonally and interannually, it treats
these variations as noise, and disregards them. Yet it is undeniable that multiyear temperature cycles and long-term climate trends have big impacts on our
fisheries.
Dr. Hare alluded to the late 1940s and early 1950s as a reference point. During
that time, black sea bass were abundant in the Gulf of Maine, great white
sharks were abundant around Cape Cod, and yellowtail flounder and lobster
had all but disappeared from Southern New England and moved north. These
are patterns that we are seeing again today.
The critical question for fisheries management (and fishermen), Dr. Hare said, is:
what will happen in the future? And the answer, he said, is: we don’t know.
Since interdecadal climate variability and long-term climate change are
happening simultaneously, we could slip back down into a cooling period that’s
a little bit warmer than the last one, or we could see temperatures continue to
rise. There’s no way to see the future.
“So the point is really that we shouldn’t lock in our management or our science
or our fishing practices into the assumption that the system is going to be warm,”
This dataset is available online at:
https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.ersst.html.
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Dr. Hare concluded. Rather, “we need to make our fishing practices and our
management and our science adaptable to change. It might go down, it might
continue to go up, and it might stay the same, but we’ve got to make our
systems adaptable to change. And we need to be thinking about how to be
adaptable to change in general, not thinking about a specific direction.”
Dr. Hare offered two examples that illustrate how warmer temperatures are
affecting fish. Each had its own take-home message. The two examples he
presented were winter flounder and black sea bass.
Winter flounder has been steadily decreasing in its productivity since the 1980s,
when temperatures began to get warmer. Black sea bass on the other hand
have been increasing in their range. In the 1980s, they were concentrated off of
the Carolinas. Now, they are still found off the Carolinas, but they are just as
abundant in Southern New England. This change has big implications for the
fishermen who harvest black sea bass: the Atlantic States Marine Fisheries
Commission established state-by-state quotas for this species based on its
distribution in the years 1988 to 1997, meaning that the catches that different
states’ fishermen are now allowed to bring in are out of synch with the species’
current distribution.
Next, Dr. Hare presented the results of NOAA’s Northeast Fish and Shellfish
Climate Vulnerability Assessment. The assessment evaluated 82 species of
commercial importance in the region. It looked at both how exposed different
species were to climate changes and how sensitive they were to these
changes. Species with low sensitivity to temperature change, like fluke, are not
thought to be very vulnerable to climate change. Species with high sensitivity,
like tautog, are considered highly vulnerable.
The climate vulnerability assessment allows fisheries scientists and managers to
take a quick glance across the spectrum of species to see how species are likely
to be affected by climate change. As the figure below illustrates, some fish and
shellfish species are predicted to benefit from climate change, while others will
be affected negatively and still others may not respond at all. A clear pattern
emerges when comparing species managed by the New England Fisheries
Management Council (NEFMC) and the Mid-Atlantic Fisheries Management
Council (MAFMC). There are many more “highly vulnerable” species under the
New England Council’s jurisdiction and more positively affected species under
the Mid-Atlantic Council’s jurisdiction.
“The idea that climate change is bad for everything is too simple,” Dr. Hare
stated. "Climate change does create some opportunities in this region. And
those species are black sea bass, bluefish, butterfish, longfin squid, shortfin squid,
and scup. So that’s collectively, one way that we can begin to adapt, is to think
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about how can we take advantage of these opportunities. Species which are
likely to be negatively impacted are likely to dominate many of the discussions
that we’re going to have. But we need to have the conversations about how to
take advantage of these opportunities… And we need to communicate those
opportunities to everyone in that chain: data, models, the managers.”
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As the workshop began to transition into an open dialogue, fishermen raised
questions about the politics and policies associated with making fisheries
management more adaptable. Foremost on their minds was the fact that
Rhode Island does not have a seat on the MAFMC, despite landing large
quantities of species like squid that are managed by the MAFMC.
Participants also brought up the politics surrounding state-by-state allocations for
some of the species managed by the MAFMC and the Atlantic States Marine
Fisheries Commission (ASMFC), such as fluke and black sea bass. Many Rhode
Island fishermen perceive a need to shift some quota for species like black sea
bass to Southern New England states, where the species are now found in
greater numbers than they once were. But this would mean that Southern states
would have to give quota up.
“There’s resistance in those states to give away the quota,” explained one
fisherman. “I think that is where we have to look hardest and first to think about
sharing some of that quota up here, and expanding and developing that
quota, so that as things move farther north, we don’t have to worry about
people down there deciding they don’t want to let it go.”
Another said, “Changing allocations creates some serious problems. A prime
example is Virginia and North Carolina and the fluke allocation. Nothing bothers
[Rhode Island] guys more than to see the North Carolina boats out there when
we’re closed, taking our fish and bringing them and landing them in North
Carolina.”
Dr. Hare agreed that the politics are difficult to overcome, and urged fishermen
to stay involved in management decisions. “State-by-state allocation is in the
political realm, and the quota is in the science and management realm…. The
politics work by having a voice. So, have a voice.”
Another fishermen brought up a need for ecosystem-based fisheries
management: “One of the big things we’re interested in is eco-based
management. Taking into account all of the species and the habitat as a whole
instead of individually. What would really, really help is if they could figure out a
way to manage some of the bigger predators, and some of the other fisheries,
seals being one, sea bass being one, dogfish – if there’s a way to kind of pull
that into the management.”
Dr. Hare added to this by saying there is some debate within fisheries science
and management about purported trade-offs associated with shifting towards
ecosystem-based management, in terms of the time and money that it takes to
do the research and management associated with it. But, he said, “My answer
is, it’s not going to ‘take away from’, it’s going to ‘add value to.’ Because we all
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know that climate variability is impacting fisheries, that market forces impact
fisheries, habitat is impacting fisheries, species interactions are impacting
fisheries, species are moving into and out of stocks. So we can continue to just
believe that none of that’s important, and do things the way we’ve been doing
them in the past, or we can try to work this ecosystem-based fisheries
management structure to improve the science and management behind how
we make decisions and how we fish. I don’t think it’s a ‘detract from’; I think it’s
a ‘value-added’.”
“What about pollution?” asked another fisherman. “When we don’t have bay
scallops in Narragansett Bay, when we don’t have oxygen in Narragansett Bay,
when we have chlorine being pumped out of power plants, chlorine being
dumped out of sewer treatment plants, fertilizers, pesticides, and everything
else, we are not the culprit!”
Dr. Hare voiced support for the idea of paying more attention to habitat issues
like these: “I would argue that the problem is that for too long, we haven’t taken
a holistic look. For too long, we’ve focused only on the fishing part of the fish
stocks. And we haven’t focused on habitat issues, climate issues, species
interactions. If we take habitat into account, then we can do a better job
protecting habitat.”
Encouraged by Dr. Hare’s determination to get past the limitations of a singlespecies, single-driver approach to fisheries and promote a more holistic
approach, one participant asked him, “Do you think that you represent a
change in the culture at the Science Center? You’ve been saying a lot of stuff
that people in the room here have been waiting to hear for a long time.”
Dr. Hare responded, “I am saying a lot of stuff and I’m glad that people are
encouraged by it. I do mean it, so hold my feet to the fire. Because as I am
learning in this position, there are a lot of pressures and a lot of forces. A lot of
politics. And the way that you tend to respond is you respond to the loudest
person. So if we have this meeting, and we dissipate, and we never reengage
with people, then we will slowly over time lose your voice. So stay vocal, stay
involved, and participate.”
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“Change is inevitable in some form, and adaptation and flexibility
are going to be the keys to sustaining fisheries and fishermen. I don’t
like to sound defeatist, but acidification is going to happen. The
carbon dioxide is already in the atmosphere. I don’t want to sound
like there’s nothing you can do, but it really is going to be an
adaption game.”
- Nathan Rebuck, guest presenter
Dr. Nathan Rebuck led two workshops on the topic of ocean acidification. The
first was held on December 13, 2016 in Point Judith, with an audience of oceangoing fishermen that included scallopers, lobstermen, and squid fishermen. The
second was held on December 14, 2016 in Warwick, with an audience of
shellfishermen. These workshops were primarily informational, since fishermen’s
prior knowledge of ocean acidification was fairly basic, as indicated by the
interviews in Phase I of the Resilient Fisheries RI project.
Dr. Rebuck began each workshop by presenting an overview of ocean
acidification, which he defined as a “continuous trend of increasing acidity in
marine waters from increases in carbon dioxide.” This trend, he explained, can
be measured and represented in several ways: pH, aragonite saturation state
(Ω, which is a measure of the stability of seawater), and the concentration of
carbon dioxide (pCO2) in seawater. Ocean acidification can be caused by
many things. Some of these cases are atmospheric and some are land- and
water-based.
The primary atmospheric cause of ocean acidification, Dr. Rebuck explained, is
carbon dioxide emissions from power plants, tailpipes, fires, and other sources,
which collectively emit 10 billion tons of carbon dioxide into the Earth’s
atmosphere annually. About 26% of this carbon dioxide is absorbed by the
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oceans. The graph below shows the famous “Keeling curve,” which tracks
global carbon dioxide levels in the atmosphere since 1960. The red line in the
curve goes up and down due to seasons. The black line shows average annual
temperature, which has risen by about 100 parts per million since the beginning
of the time series.
Other atmospheric sources of ocean acidification include the NOx and SOx
gases that were responsible for acid rain in the 1980s. Although those pollution
sources were largely addressed by putting scrubbers on power plants, they have
not been entirely eliminated and they make a small contribution to ocean
acidification.

There are also land-based, or “upstream” drivers of ocean acidification,
particularly in coastal areas, said Rebuck. The major upstream driver is nutrient
enrichment, which causes eutrophication of coastal waters. Nutrients enter
estuarine and coastal systems through fertilizer, runoff, wastewater, and
sedimentation, and they lead to an increase in algal growth. When algae
decompose, like all plants, they release carbon dioxide. Plant-derived carbon
dioxide can have major impacts in some areas of coasts and estuaries. This
makes it different from carbon dioxide absorption from the atmosphere, which
affects all areas of the globe more or less uniformly.
Next, Dr. Rebuck went over the chemistry involved in ocean acidification.
Ocean acidification can be distilled into two chemical equations, he said. The
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first of these, representing atmospheric-driven acidification, is, “Carbon dioxide
entering water makes more acidified water.” In chemical terms, that statement
looks like this:
CO2 + H2O ⇔ HCO3-+ H ⇔ CO32 + 2H+
The second statement, representing upstream-driven acidification, is the basic
photosynthesis-respiration equation that is the basis for all life on the planet:
“Plants absorb carbon dioxide, and anything that eats plants produces carbon
dioxide.” This can be represented in chemical terms as:
C6H12O6 + 6O2 à 6CO2 + 6H2O + Energy
CO2 + H2O ⇔ H2CO3-⇔ HCO3-+ H+ ⇔ CO32- +2H+
Another factor that can lead to localized acidification is upwelling of deep
water. Deep ocean water is more acidic because as organisms fall to the
bottom and decompose, a store of carbon builds up there. When upwelled, this
water can affect organisms that are not adapted to acidified water. This has
famously affected Pacific Northwest oyster hatcheries several times in recent
years, with economically disastrous results.
The workshops then shifted their focus to the biological impacts of ocean
acidification. The most vulnerable species, Dr. Rebuck said, are corals,
pterapods and cocolithophores (two types of phytoplankton that have calcium
carbonate shells), bivalves, and crustaceans. Some species will benefit, such as
most phytoplankton and seaweeds. Fish species are expected to display a wide
range of responses, from negative to neutral to positive. The reason that
different species have so many different responses, he explained, is that
acidification affects a number of different aspects of species’ biology. Low pH
interferes with the acid-base reactions in developing finfish, so that larval fish
have trouble digesting their egg yolks. For shellfish, acidified water dissolves their
shell and causes them to expend more energy to maintain their shells. Plants
benefit because they are able to absorb the additional carbon dioxide and use
it to make more plant matter.
In light of the vital economic importance of shellfish to Rhode Island fisheries, a
significant part of both workshops focused on these highly vulnerable organisms.
Dr. Rebuck presented summaries of several researchers’ laboratory and field
studies that illuminate the current state of knowledge with regard to several
species – bay quahogs, bay scallops, and sea scallops – of interest to Rhode
Island fisheries.
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In a 2010 study, Stephanie Talmadge
and Chris Gobler at Stonybrook
University2 raised bay quahogs
(Mercenaria mercenaria) and bay
scallops (Argopecten irradians) in a
laboratory at varying carbon dioxide
concentrations: 250 ppm (pre-industrial
levels), 390 ppm (2010 levels), 750 ppm
(5-year projected levels), and 1,500
ppm (100-year projected levels).
Shellfish grown in high-carbon dioxide,
low-pH waters were smaller than those
grown in unadulterated seawater.
Those grown in the highest carbon
dioxide concentrations showed a 10%
decrease in growth and survival. Larval
survival rate decreased from about
60% under pre-industrial levels to under
5% at 100-year projected levels.
There are many unknowns in our knowledge of how acidification affects
organisms, Dr. Rebuck concluded. One interesting area of inquiry relates to
organisms’ ability to adapt to acidifying water if it occurs gradually enough. For
example, over a few generations, a species might evolve the ability to survive
and thrive in water with a lower pH. But very little is known about how fast this
kind of adaptation can occur, which species can do it successfully, and which
ones can’t. For shellfish and other organisms with calcium carbonate shells,
adaptation is less likely to be successful. And it all depends on the latent gene
traits present within each species. In sum, there is very little known about
adaptability.
Rebuck lamented the difficulties of predicting population-level responses via
laboratory studies, since “real life” in the ocean includes so many factors that
can’t be controlled in the lab. Unfortunately, he said, controlled lab experiments
are the best we can do – the only way to try to predict what will happen in the
ocean as it becomes more acidic in the future.

2

Talmage, SC and CJ Gobler. 2010. Effects of past, present, and future ocean

17

Species
Lobster and
crabs

Sea scallop

Herring
Fluke
Monkfish
Squid
Skates
Striped bass

What we think we know / What studies show
Few studies done on lobster; some suggest a slight increase in
weight; one suggests a slight decrease in length. Crabs and
lobsters generally seem to grow thicker shells in acidified water;
but some have weaker shells and bigger body mass. Hard to
generalize.
Hard to tell because they’re hard to grow in the lab. If they
respond similarly to bay scallops, then we can expect moderate
decreases in growth to result from acidification. Not as substantial
as the changes we see in oysters and clams.
Weak effects.
Mixed results: growth seems unaffected, but liver lesions and
defects can result.
Has not been studied yet.
One study shows longer hatching time and a slightly shorter
mantle in acidified waters, but the differences are small.
Decreased survival and egg hatching.
Well adapted to low pH because they spawn in freshwater,
which is more acidic than seawater.

One of the questions on participants’ minds was: when are we going to start
seeing these effects? Rebuck said that drastic changes in ocean waters are
unlikely to occur within our lifetimes, and the long-term pace of change will
depend on the rate we continue to emit greenhouse gases from fossil fuel
burning. In coastal areas like Narragansett Bay, however, acidified waters are
already present. In fact, the pH levels in estuarine waters can sometimes be as
low as the pH levels that scientists expect to see in ocean waters in one hundred
years.
To drive this point home, he presented results of a recent study by researchers at
Stonybrook University and the Environmental Protection Agency in
Narragansett.3 In this study, researchers made a transect of Narragansett Bay
from north to south, measuring the concentration of carbon dioxide (pCO2)
along the way, once a month in summer. Their results, presented below, show
that the Providence River and Upper Narragansett Bay have very high pCO2
levels – up to 2,500 ppm, or levels that are not predicted for ocean waters until
the end of the 21st century.

Wallace, RB et al. 2014. Coastal acidification: The other eutrophication
problem. Estuarine, Coastal and Shelf Science 148 (2014) 1-13.
3
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Dr. Rebuck then reviewed a
recent study by Sarah Cooley
and collaborators4 that
modeled the impacts of
ocean acidification on sea
scallops. Under the most likely
greenhouse gas emissions
scenario, that study predicted
that pH would decrease by
about .2, scallop biomass
would decrease by about
20%, and revenues from
scallops would decrease by
about 15%.

Cooley, SR, et al. 2015. An Integrated Assessment Model for Helping the United
States Sea Scallop (Placopecten magellanicus) Fishery Plan Ahead for Ocean
Acidification and Warming. PLoS ONE 10(5): e0124145.
https://doi.org/10.1371/journal.pone.0124145
4
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But while this may sound bad, Dr. Rebuck put these projections in context by
referring to a graph showing the past 70 years of landings and value in the sea
scallop fishery. As the graph above shows, landings and revenue have been
highly variable over time, so a 20% decrease in biomass and a 15% decrease in
revenues might not spell socioeconomic catastrophe.
At what point does diminished biomass due to ocean acidification become a
problem?, he asked rhetorically. “When is the right time to worry about this, and
what are you worried about? Are you worried about there being scallops out
there next year? Are you worried about ten years? Worried about your kids?
Worried about small New England fishing towns keeping their commercial fishing
heritage out to 100 years? That’s policy and advocacy, and that’s where I jump
off.”
Before opening the conversation to general discussion, Dr. Rebuck presented
several take-home messages:
• Acidification is happening, and it will continue to increase in severity.
• Different places are affected differently. Rhode Island is not as bad off as
some places, but worse off than others.
• Eutrophication in many estuaries has already acidified coastal waters as
much as we’re expecting the atmosphere to acidify the ocean in the next
50 years.
• Most estimates for the northeast shelf say the effects are going to be
noticeable in about 25 years, with very drastic changes later. It’s hard to
take guesses about what is going to happen in 100 years, but things are
going to be very different.
• For many species, adequate lab experiments haven’t been done. It’s
costly and time-intensive to do multi-generational studies on organisms in
acidified environments.
• Acidification will co-occur with changes in temperature – as well as other
climate-driven changes like changes in the frequency of storms, changes
in salinity, and changes in precipitation. All these variables changing
together might have additive or subtractive effects; we don’t know yet
what their sum outcome will be.
Fishermen at both workshops pondered what it would mean to adapt to ocean
acidification. Does it simply mean switching to species that are better adapted
to lower pH environments? Does it mean adjusting our expectations about how
much we can catch and sell? Does it mean focusing on value rather than
volume? Dr. Rebuck mentioned that Jon Hare and others at the Northeast
Fisheries Science Center are working on how to include the effects of ocean
acidification in stock assessment models, so that fisheries management can be
adapted.
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One participant at the workshop for ocean fishermen asked whether it would be
feasible for fishermen to participate in data collection to monitor the progression
of ocean acidification. Unfortunately, Dr. Rebuck explained, gathering pH data
in the ocean requires the use of mercuric chloride – and not many fishermen
want to carry mercury on their boats. Only research vessels are properly
equipped for measuring pH.
Conor McManus from the Department of Environmental Management, who
attended the ocean workshop, informed the group about a Rhode Island House
of Representatives Legislative Commission on Ocean Acidification that was
about to start meeting in spring 2017. The panel includes members of the House
of Representatives, members of the research community, and fishermen, and its
purpose is to start a conversation about mitigating the effects of ocean
acidification on Rhode Island coastal waters. Project Coordinator Sarah
Schumann added that similar commissions have been created in other states
during the past several years, and seem to have been effective at drawing
greater attention and understanding to ocean acidification: Washington’s Blue
Ribbon Panel on Ocean Acidification, Maine’s Ocean Acidification Commission,
and Maryland’s Ocean Acidification Task Force. Massachusetts is also
developing a plan to convene an ocean acidification commission.
Schumann asked McManus about what DEM was doing with regard to ocean
acidification. He responded that DEM’s future goals from a water resources
standpoint are to collect pH measurements throughout Narragansett Bay to get
a sense of pH fluxes, especially during tides when hypoxic events occur; to try to
gain a better understanding of how quahogs and bay scallops grow under
changing carbon dioxide levels; and to boost understanding of how ocean
acidification acts in concert with changes in nutrient loading, hypoxia,
temperature, and phytoplankton blooms.
Fishermen at both workshops spent some time discussing the subject of nitrogen
reductions in the bay. Since excess nitrogen loading can lead to an increase in
carbon dioxide and a decrease in pH, one of the logical ways to combat
ocean acidification is to reduce nitrogen loading. Rhode Island has been doing
exactly that for over a decade, and has succeeded in reducing its nitrogen
inputs by about 50%. However, some fishermen at these workshops raised
questions like “How much is the right amount of nitrogen?” and “How far is too
far in terms of reductions?” The 2016 harmful algal bloom, which took place
during a drought, made many fishermen think twice about the relationships
between plankton, nitrogen, and other factors. A dramatic increase in water
clarity and the depth of light penetration has been visible to fishermen for
several years, prompting them to wonder: Is there still life in the bay?
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As one fisherman said, “We’ve heard is that it’s a ‘grand experiment.’ Quahogs
might get bumped, but something else might come back. We don’t want to be
the petri dish. Every time you pull a string, another string comes.” The wastewater
improvements, he said, might be making the bay “people-clean” but less fertile
for production of fish and shellfish. Dr. Rebuck played devil’s advocate,
suggesting that fish were no long entering the Upper Bay in summer because its
waters have insufficient oxygen.
In any case, Dr. Rebuck agreed, nitrogen reductions are “definitely a big
perturbation. Changing something as fundamental as nutrient levels is bound to
have some sort of ripple effect, and it takes a while to reach stasis.” He did not
have any knowledge of who might be studying these effects in Narragansett
Bay.
Fishermen at the bay-oriented workshop proposed several ecological
restoration recommendations that might help buffer the bay against ocean
acidification. Their general consensus was in favor of pursing “green” nitrogen
removal, including use of shellfish and upwellers in strategic locations, and
opting for marine analogs to permaculture that can help the whole system
thrive and adapt according to its own rhythms. Participants praised the
programs taking place around the state that use shellfish and recycled shells as
ecosystem engineering tools for water quality. Recycled oyster shells not only
buffer the water against acidification but also provide substrate for oyster larval
settlement – a positive feedback loop. Participants also identified some barriers
to effective restoration, such as the state prohibition on shellfish restoration in
areas closed to shellfish harvesting, and the difficulty of getting permits to place
recycled shells in the marine environment.
Mike McGiveney, president of the Rhode Island Shellfishermen’s Association,
brought up a few current efforts that fishermen should be aware of. The first was
a collaboration between the Shellfishermen’s Association and the Narragansett
Bay Commission to improve a low-oxygen zone in the Providence River through
shellfish-based nitrogen removal. The second was the soon-to-be announced
R.I. Shellfish Initiative, an outgrowth of the Shellfish Management Plan of 2014
through which state agencies, industry, and academia, will continue to
collaborate on management and promotion of local shellfish. McGiveney urged
workshop attendees to get involved with these efforts.
Before closing, Dr. Rebuck made another recommendation to fishermen: “You
guys should keep records of your observations. Write down what you’re seeing.
There’s some good science out there being done based on observational logs.
Often it’s fishermen’s observation that kick-start scientific research. It’s really
valuable information that can’t be gotten any other way.”
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“I think we all agree that we’re in a warming period right
now. But a lot of the problems that you hear from fishermen
– there’s more to the story than that.”
- Workshop participant
This workshop responded to a need identified during many of the one-on-one
interviews with Narragansett Bay fishermen that took place during Phase I of the
Resilient Fisheries RI project. In those interviews, respondents described observing
a suite of unusual changes in the bay, and voiced a reluctance to attribute
them exclusively to climate change. In fact, many were quite wary of pointing
to warming waters or ocean acidification as a causal mechanism at all, fearing
it would shift the science and management focus off of other, more proximate
drivers – such as wastewater, pesticides, herbicides, and runoff. Many said that
the changes they are seeing in the bay were likely due a complex suite of
interacting stressors. Several fishermen had already taken these concerns to
fisheries and water quality managers and academic researchers, only to feel
that their voices were not being heard.
Thus, the purpose of this workshop was to convene fishermen from various
communities around Narragansett Bay for an information-sharing and strategyplanning session that would help them better engage in dialogue with
individuals and entities outside the fishing industry on these issues. The intended
audience for the workshop included Narragansett Bay fishermen and
quahoggers. The workshop was freeform and moderated by Project
Coordinator Sarah Schumann using flip charts and markers to record key points.
Schumann began the workshop by explaining that one of the workshop’s
central purposes was to figure out how to integrate non-climate stressors and
their impacts into the Resilient Fisheries RI project. The Resilient Fisheries RI project
was planned and funded as a climate change adaptation project, but through
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the interviews and workshops, she has come to understand that for many
fishermen, climate change cannot be understood or discussed in isolation from
other sources of environmental change and degradation, and that often, the
cause of an environmental change is unknown. Therefore, the project is trying to
find ways to incorporate non-climate-driven environmental changes in way that
does them justice, despite lack of capacity to explore these causes in depth.
“This project is committed to not ignoring those other drivers of change, but to
treating them on an equal footing with climate change,” Schumann said.
“These other drivers that came up in the interviews include things like
eutrophication and hypoxia in the Bay, and conversely, potential issues of
oligotrophication of the Bay, where fishermen are saying there might not be
enough nutrients. It includes things like emerging contaminants, like
pharmaceuticals, like legacy effects of the Brayton Point Power Plant that
fishermen are raising questions about. It includes multiple stressors. And one of
the things I heard from fishermen, and that I think we need to keep in mind, is
ecological changes are likely not to be due to any one of those things, but to all
of those things. ‘Death by a thousand cuts’ or ‘all of the above’ were phrases I
heard repeatedly. And that’s something that I’m trying to keep in mind, and
that I think we should all keep in mind, as we continue to engage in this
conversation.”
The group began by examining the theory of climate change. Some
participants expressed skepticism, noting that there have been previous periods
of high temperatures – such as the famous “Great Heat” of the 1890s, when
records show that tarpon were present in Narragansett Bay. Nature works in
cycles, one participant said.
These observations prompted a review of the graph that Jon Hare had
presented in the first workshop (see page 8), highlighting the difference
between regional natural cycles such as the North Atlantic Oscillation (depicted
as the wavy line on that graph) and global warming trend (depicted by the
straight line on the graph). One participant explained that we are on an
upward slope in temperature right now, and although we may come back
down soon due to natural cycles, we will not come down as far as we would if
global warming were not also occurring.
One thing that was clear in this conversation was that fishermen constantly see
change in the marine environment. Their heightened level of observation,
confronted with the simplified lay understanding of climate change that
circulates on the nightly news and social media, can lead to rejection and
disbelief of the public climate change narrative. However, the scientific
understanding of climate change is far more complex than the public
understanding, and is less likely to clash with what fishermen perceive.
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But despite gaining greater clarity on the theory of climate change, some
participants saw no point in discussing it since there’s “nothing we can do about
this,” one said. “I mean we can clean up the atmosphere a little, but it’s
basically out of our control. If you’re looking for a fisherman’s perspective,
there’s not much we can do about it. We could adjust the fisheries a little bit, if
they let us, to catch the sea bass and stuff like that. But they won’t let us.”
In response, Schumann said, “That’s exactly what this project is for. It’s about
‘How do we adapt to this?’ Yes, climate has always changed, but in the 1850s,
did they have the kind of fisheries management that they have now? In the
1950s, did they have that? No. This is a relatively new fisheries management
structure. And management’s only part of it, but it’s obviously a big part, and it’s
not built for this.” Participants agreed, noting that the full fisheries management
structure that we have today did not come into place until the 1990s.
At this point, one participant interjected and brought the conversation back to
its original purpose: discussing changes in the Narragansett Bay ecosystem and
crafting a fishermen’s research agenda to understand and pinpoint the drivers
that are causing them. “The point that I’m trying to get back to is that not
everything is climate change. I grew up in Narragansett Bay, and I’ve seen so
many things change. We had warm water then, and rockweed grew just fine,
kelp grew just fine. Quahogs go all the way to Florida. The problems we’re
seeing in Narragansett Bay go well beyond what’s happening in the climate.
Because if you look at the Chesapeake for comparison, I’m sure they have
plenty of barnacles in the Chesapeake, and rockweed. Narragansett Bay is
devoid of all of that now. Ask any of the guys who’ve been fishing in the bay
their whole lives.”
Spurred by this observation, participants began to name a variety of ecological
changes that they have detected in recent years in Narragansett Bay:
• “We had kelp like you couldn’t imagine. We had rockweed that went
from the Providence River all the way down to the southern part of the
Bay. It’s all gone.”
• “When I was a kid in the ‘80s, the water was so brown that you couldn’t
see through that water. And we had more kelp, more eelgrass. It was solid
menhaden all the way across. They came in here to eat the plankton.
And we don’t have any of that anymore. And that’s when the water was
brown.”
• “Outside of the resources that we all rely on to make a living, look at the
little things – the things that those animals need to survive. They’re all
gone. Rosebuds. Any one of us who set traps in the bay, within two weeks
of setting traps in the bay, they’d be growing. Now we look at traps we’ve
had in the bay for over two years, and they look like they just came off a
truck.”
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“No barnacles!”
“Used to be we would spend more time cleaning our nets out than
catching fish.”
“Every single species that I’m aware of, all of our native fish, plant life, all
of it, is hugely down. Blackfish, winter flounders, anything that was a fulltime resident of Narragansett Bay is in trouble. You hear people at DEM
say ‘Oh, biomass is still very high.’ But they’re all transient fish, none of
them live here. They do a lap around the bay, they don’t find what
they’re looking for, and they leave.”
“When I was a kid, we had pogies in Narragansett Bay so thick, and they
stayed all summer. Now they show up, they’re not finding what they
need.”
“In the spring, the diatom blooms, they don’t happen anymore – that
science is available.”
“I used to set my net in springtime off of Quonset Point and tow to Pine Hill
and get 12 bushels of flounders. Set it back in again, tow back, and then
head for the barn. Because I had 24 bushels for the day. Now you could
set that net it at the same time of the year and not have six flounder in the
net.”
“When I was quahogging back in the 1980s, we had quahogs like you
wouldn’t believe. And the water was like root beer. There used to be 400
full-time quahoggers. Now there are about 30.”
“I haven’t seen a starfish in years!”
“The barnacles have completely disappeared from traps from the
Newport Bridge going north.”
“Juvenile lobsters, 20-40mm, the last two years have shown up with shell
disease, and prior to that, we never saw disease on them. We’ve been
doing surveys on them, and they were all clean.”

Participants also spent some time speculating on possible drivers of these
changes. These included:
• Reductions in nitrogen loading to Narragansett Bay
• Weed killers
• Mosquito killers (methoprene, etc).
• Use of chlorine (sodium hypochlorite) in wastewater treatment
• Use of dechlorination chemicals in wastewater treatment (sodium bisulfite,
sodium bisulfate)
• Use of chemicals for removing nitrogen (sodium hydroxide, methanol).
• Heavy metals in sediments
• Pharmaceuticals in wastewater
• Reliance on single-species management rather than ecosystem-based
management
• Definitions of “overfishing” that leave out environmental drivers of change
and depletion
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Participants discussed these theories in length. They wondered about the
relationships of these drivers to policy changes like the Clean Water Act of 1972,
implementation of Total Maximum Daily Loads for various drainages during the
2000s, economic and legal incentives or pressures to use excessive chemicals in
wastewater treatment, and reductions in nitrogen loading from wastewater
treatment plants since 2004. They also shared what they know about
alternatives to chemical wastewater treatment, such as use of Ultraviolet (UV)
technology to kill pathogens – a technology that is already in place at three
wastewater treatment plants in Rhode Island and has broad application in
Europe.
Some participants notified others of an upcoming comment period on a
decision to further reduce nitrogen emissions from the Narragansett Bay
Commission Fields Point wastewater treatment plant, and encouraged those
present to get involved. Several of the fishermen present had attended a
meeting earlier in the year with Tom Uva, the Director of Planning, Policy, and
Regulation at the Narragansett Bay Commission. At that meeting, they learned
that the Commission was exploring use of “green” methods to reduce nitrogen,
such as shellfish stocking. Many suggested that fishermen should get behind this
plan.
After pondering many different questions related to ecosystem change in
Narragansett Bay, participants agreed that in order to gain traction on these
concerns and position themselves to better collaborate with individuals outside
the fishing industry, it would be useful to narrow them down into a couple of
straightforward clarifying questions or research questions (depending on
whether scientists already have data on them or not). The three questions that
the group settled on were:
1. What are the ecological impacts in the estuarine environment of the
various chemicals used in wastewater treatment, both individually and
when reacting as byproducts?
2. What is the optimal amount of nitrogen loading for the Bay to have a
thriving ecosystem and fisheries economy (“Goldilocks number”)?
3. What are the ecological impacts of the “grand experiment” that began
when Rhode Island chose to reduce nitrogen loading to the Bay by 50%?
Scientists like Scott Nixon called for monitoring when that decision was
made; has any monitoring been done that can shed light on the results of
this “experiment”?
The group decided to prioritize building relationships with researchers who can
help develop a monitoring plan for the bay and evaluate different possible
causes of the changes fishermen are seeing. The group also agreed that habitat
issues need to be a much bigger part of fisheries management, and that is
something that we need to advocate for as fishermen. While climate change is
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an overarching stressor on marine environments, they said, it should not detract
from a focus on other stressors like pollution; in fact, because climate change
can be seen as exacerbating other stressors, these different issues should be
addressed jointly.
In closing, Schumann promised to find a way to collect fishermen’s observations
in a more systematic manner that can help detect patterns in space and time,
and shed some light on possible causes. “I don’t think anyone would deny that
fishermen are great observers of the marine environment,” she concluded.
“You’re out there every day and you’re not approaching it with a lens. A
scientist goes out there, and they’re collecting specific data with a specific
method to test a specific hypothesis. Whereas you have a broad-brush
approach: anything that crosses your line of vision, you’re going to see it. You’re
going to notice ‘Oh that’s different’ or ‘That’s not different’ or ‘That’s more’ or
‘That’s less’. So there’s really no substitute for the observational capacity of a
fisherman. The challenge before us is to collect your individual observations in a
way that standardizes them into a common framework so they can be more
than just anecdotal.”
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A key ingredient in fishing industry resilience is the industry’s ability to replenish
itself over time. But according to many of the interviews in Phase I of the Resilient
Fisheries RI project, the average age of Rhode Island fishermen is going up, and
access to licensing, training, and financing is more limited for today’s young
fishermen than it was a generation ago. In a view that has been widely
expressed throughout the industry, these demographic changes have
implications for the industry’s resilience as a whole, including its ability to adapt
to changes in climate.
At the fifth workshop in the Resilient Fisheries RI winter workshop series,
participants heard from several young fishermen in RI who have embraced
fishing as a career: their personal experiences, barriers they’ve observed, and
hopes and dreams for the future of the industry. Then the group listened to a
panel of advocates from Rhode Island fisheries as well as other states and
industries who are working to reduce barriers to participation by young people:
• Dave Ghigliotty (RI Shellfishermen’s Association),
• Tess Brown Lavoie (Young Farmer Network of Southeast New England and
Land for Good). and
• Hannah Heimbuch (Alaska’s Next Generation of Fishermen project).
The workshop began with a young fishermen’s round robin, in which young
fishermen in the audience were invited to stand up and say a few words about
what it’s like to be young in the industry. The group heard from: Alex Brown, who
works as a deckhand on a lobster boat; Jeff Grant, who shellfishes in
Narragansett Bay and works on mackerel boats; Andrew Arnett, who has
worked as a deckhand on many kinds of boats in Point Judith; John Reposa, a
deckhand on Point Judith draggers; and Josh Bird, who is starting a second
career as a quahogger in Warren.
The young fishermen who spoke up highlighted several reasons they believe
there are not more young people in fisheries today.
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Alex Brown said, “One of the biggest problems I see facing the fishing industry
today is that the cost to start out is so great that we wouldn’t be able to pay it
back like the older generation did, because of all the rules and regulations that
we have to follow. And that’s a big problem for me, because I love what I do. I
love my job. I wouldn’t want to do anything else. I’d really like to see myself get
a boat, and I’d like to see it pass on to my kids, and hopefully pass on to their
kids.”
Jeff Grant said, “One of the biggest problems or issues I can see for the young
people coming in is to make sure that commercial fishing as an entity remains
profitable, because people my age aren’t going to get into it if they can’t pay
the bills. That’s one thing that I think is important for young people getting into
the industry, is to make sure that we maintain a viable commercial fishery. I think
that’s going to be one of the biggest problems we are going to have in the next
decade or two.”
John Reposa said, “First, a lot of the younger generation doesn’t know how to
work, or doesn’t want to work. I think that’s pretty clear. Number 2, commercial
fishing is the least appreciated occupation in America. It’s like next to coal
mining. It’s not a very well liked position. A lot of the guys I work with on deck are
stuck there. They’re not there by choice. They’re there because they have a
bad record or they have no education. They’re not bad guys, they just made
mistakes when they were younger. And if it pays the bills, you stick with it.”
Josh Bird said, “A lot of kids now, they’re not outside, they’re not working with
their hands. And the schools don’t really encourage you to do that. Even when I
was in school in the 1990s, the track was kind of ‘We don’t have any shop
classes, go do the college stuff.’ It was almost a fear-mongering thing, like ‘If you
don’t jump on board with this stuff now, you’re going to get left behind. You
don’t want to get left behind.’ So we were pushed in that direction, to the
detriment of a lot of people in this generation.”
After the young fishermen’s round robin, Project Coordinator Sarah Schumann
presented some demographic statistics on Rhode Island fisheries. The graph
below was created by the Department of Environmental Management in
December 2016 to summarize current ages of all state fisheries license holders.
As it shows, there are relatively few license holders under the age of 40, and a
high proportion between 50 and 70.
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To begin the panel portion of the workshop, participants heard from Dave
Ghigliotty, a Warwick-based quahogger and Vice President of the Rhode Island
Shellfishermen's Association. The 90-member Shellfishermen's Association began
a project in 2016 to ensure a future for those practicing their trade through a
program that pairs prospective shellfishermen with established shellfishermen for
a day on the water.
“A few years ago, we started seeing our fleet kind of dwindling,” Ghigliotty
began. “That’s how it started for us. Those of you who have fished in
Narragansett Bay for a number of years will remember that our fleet was a
couple thousand boats a day. At one time, we were the largest outboard fleet
in the world is what I was always told.”
But a number of factors – a period of low catches in the 1990s, stagnancy in the
marketplace, a big societal push to go to college, and some negative press
surrounding commercial fisheries – caused the numbers of new shellfishermen to
dwindle, Ghigliotty said. In response, the Rhode Island Shellfishermen’s
Association leadership obtained a Local Agriculture and Seafood Act (LASA)
grant to set up a program that gives an extra boost, in the form of training and
support, to those who are interested in a career in shellfishing.
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The program, launched in 2016, includes a how-to video that provides aspiring
shell fishermen with the basics of the trade. The video can be found on the
Association's website, www.RIShellfisherman.org. The program also provides
opportunities for young people interested in shellfishing to go out for a day with
one of its members. Because of the difficulty of getting a license after age 23,5
and the physical natural of the job, the Association decided to target high
school and college students.
But recruiting participants has not been easy, said Ghigliotty. “It’s not just fighting
the trend, the generational trend, but you’re also fighting parents at home.
Because a lot of parents don’t want their children going out and braving the
elements and doing this kind of manual work, they just don’t. And that’s what
we have found has turned out to be one of the particular stumbling blocks in
the program.”
In sum, Ghigliotty said, “The thing that I would say that I’d like everybody to take
away from this is that when you’re talking about a young person getting into
fishing, especially people who don’t fish, think about what you would have to
do to get into fishing. If there are people from DEM and those kinds of things
here, I would say think about those obstacles. Again, it’s a generational thing.
It’s not a popular thing like it was in the 1970s. So we have an uphill battle. I was
out the other day, and there were only about five or six of us out there. Our
winter fleet used to range maybe 75 or 80 a few years back, and it’s just
dwindled and dwindled. So this program is a great program for a young guy or
girl to get into the industry. We’re doing everything that we can to make sure
that we can help those young folks overcome those hurdles.”
Members of the audience expressed appreciation and admiration for the new
program. But they also recognized the need for more programs like it. Fisherman
and educator Ed Everich brought up the two-year associates degree in fisheries
technology that was once offered by the University of Rhode Island. Everich,
who was in the first matriculating class of that program in 1967, said the program
was excellent, preparing its graduates for careers in a range of fisheries and
other marine trades. Many of today’s senior fishermen graduated from that
program. But at some point in the 1990s, the program was converted into a fouryear degree and became more academic in nature, preparing its graduates for
careers in fisheries science and management, not fishing.
“I think we need a hands-on program again,” Everich concluded. “I don’t think
it has to be a degree program. It can be a year. It can be less than a year.
Student licenses are available to full-time students under 23; non-students and
all adults over 23 must apply for a license through the lottery or purchase one
from a retiring shellfishermen if they want to harvest shellfish commercially.
5
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Whatever. This is one thing that I’m a strong advocate for. I’ve been teaching at
URI for two years now a small vessel operation course. I’ll tell you it was an eye
opener for me to come back after almost forty years, to see how things have
changed in URI’s perspective about the industry. I really think that that’s
something that people should focus on and put some effort into it: a training
program, a hands-on training program. What they did with us in that first class
was we got to go on boats. Between the first year and the second year, we
were put on boats. I went to New Bedford and fished a few trips on an eastern
rig, then I came back to Point Judith and fished on the Louise G with Charlie
Follett, one of the legendary fisherman of Point Judith. That kind of experience,
you just can’t get that anymore.”
Another audience member put forth the idea of working with vocational high
schools to incorporate fisheries-related skill and knowledge into the curriculum.
Ghigliotty said that this would be great in theory, but the Common Core
Curriculum gets in the way. Federal uniform standards for education, he said,
have played a role in the disappearance of shop classes, automotive classes,
and welding classes that used to be offered at some high schools.
Next, participants heard from panelist Tess Brown Lavoie, who is a farmer and an
advocate for other young farmers. In addition to growing produce at Sidewalk
Ends Farm in Providence and Seekonk, Brown Lavoie co-runs a summer farm
camp for teen women, co-organizes the Young Farmer Network of Southern
New England, and works as a field organizer for the nonprofit Land for Good,
which works to secure access to farmland for all farmers and to keep working
farmland active across the generations.
“We have so many of the same issues,” she began: fewer young farmers,
barriers to entry, high land prices, and the challenge of staying viable. “Every
time I talk with fishermen about the issues that young people face, there’s so
much that’s parallel.”
Brown Lavoie told the audience that one way that she and her fellow farmers
have been dealing with these challenges was to create the Young Farmer
Network of Southeastern New England. “It’s a pretty ad-hoc organization that
was founded in 2011 that basically started off as a really informal place for
farmers to meet, learn about what’s working, what’s not, where do they buy
their seed, issues like that,” she explained. “In the growing season from May to
October, we have twice-a-month farm tours. Those are opportunities to
informally learn from your peers and try to go to a diversity of farms… It feels like
those are these informal meetings, but they build community in a way that I’ve
really come to understand in the last couple of years. In terms of really having a
collective voice when there’s a policy issue that we need to organize around.
Or if someone’s hoop house was destroyed in a storm and you need some
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hands on deck to re-stretch the plastic. Or, this year there have been a lot of
listening sessions and workshops around the new Farmland Access Program,
which is supposed to help young people or beginners or anyone who’s having
trouble accessing land… The Young Farmer Network is really working on the
‘soft’ issues of supporting a community of young farmers so that people feel like
they’re not alone in this struggle and that they have these low-cost opportunities
to train yourself and to be in conversation with other people who are starting
similar projects. And also, now six years in, we’re doing some of the more ‘hard’
issue questions, like addressing what does it look like to be involved in policy or
regulation or land access?”
“There’s a sort of chicken or egg problem in addressing young farmer issues,”
she continued. “And that’s that people, before they want to put lots of energy
and effort into organizing around young farmer issues, want to know that there’s
young farmers who are going to take advantage of these programs. And young
farmers, before they commit to learning their trade, learning their craft, want to
know that there are opportunities to have a secure land tenure, and to make a
living farming. So I think it’s really a two-pronged project: to make a hospitable
environment for young farmers, and to put the energy toward the training that’s
required to make a young farmer, to hatch a young farmer. And it sounds like
that’s a similar issue to the fishing industry: that there are all these barriers to
entry, and there’s also a dearth of young fishermen.”
Members of the audience spent some time breaking down the similarities and
differences between farming and fishing. Some felt that the barriers facing
young farmers are less severe, because farming requires land but does not
require a license, whereas fishing requires both a boat and a license. Although
both things boil down to money, financing in the farming world seems easier to
get, with support programs at USDA and lending institutions like Farm Credit East.
Nonetheless, participants saw many similarities and appreciated the efforts of
the Young Fishermen’s Network to organize and support young farmers.
The final panelist was Hannah Heimbuch from the Alaska Marine Conservation
Council, who participated via Skype. As a young fisherman herself, Heimbuch
said she personally experiences the wonders and challenges of following fishing
as a livelihood at a time when the numbers of young fishermen are dropping
nation-wide. In her offseason, she works for the Alaska Marine Conservation
Council, where she and her colleagues are addressing these issues by forming
the Alaska Young Fishermen's Network, a network that engages and empowers
the next generation of fishermen to be successful in their careers and
communities.
Heimbuch began by echoing some of the issues described by audience
members in Rhode Island fisheries and by Brown Lavoie in Rhode Island farming.
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“While Alaska’s fisheries are strong,” she said, “we’re seeing some of the same
trends that a lot of the US coastline is seeing. We’re seeing our fishermen age.
The average age of quota and permit and vessel owners continues to rise. And
young fishermen are increasingly not entering the fishery, choosing to do other
things. We see costs rising. The amount of capital needed to invest in a fishing
business is increasingly prohibiting young people from investing in fishing
communities from choosing that as a career path. And then, regulations are
increasingly complicated. So there’s a lot of challenges facing young fishermen
today. And that includes access rights. Investment and access to local vessels
from outside the community are increasingly common. That pulls prosperity out
of the region and really disrupts cultural traditions, wellbeing, food security, and
transfer of essential skills.”
Heimbuch mentioned several efforts that are occurring in Alaska to reverse
these trends. One is the Greying of the Fleet study, which is examining the loss of
access to fishing from coastal communities in Alaska, and the impacts that that
loss of access has on those communities. Another is the biannual Young
Fishermen’s Summit, run by Alaska Sea Grant. This three-day conference
provides information on fisheries ecology and science, fisheries management,
financial aspects to fisheries, and shared experiences.
Inspired by the Young Fishermen’s Summit, Heimbuch and her colleagues at the
Alaska Marine Conservation Council began creation of a Young Fishermen’s
Network around 2015. In March 2016, about a dozen members of the network
traveled to New England for the Boston Seafood Show, went on to Washington,
D.C. for meetings with their federal elected officials, and ended their trip in New
Orleans for a Slow Fish gathering. The network has hosted gatherings and parties
in Alaska, is creating a Young Fishermen’s Almanac, and plans to establish
regional chapters that can host workshops. Network members also have other
ideas, like a boot camp for green deckhands, opportunities for diversification
through new gear types or marine trades that can provide off-season work,
workshops on financial and policy aspects to fishing, and creation of an online
clearinghouse for information that can help young fishermen build a business.
Currently, Heimbuch is working on establishing a statewide steering committee
for the network and visiting towns across coastal Alaska to engage with young
fishermen and invite them to be part of the network as it solidifies.
One of the key learning experiences for Heimbuch in this project has been the
importance of mentorship: “In all of the conversations that I’ve had about
developing a network of strong young fishermen, and encouraging the next
generation to take strong leads and build strong businesses, we found that one
of the hallmarks of strong fisheries is strong mentors. It’s how most of us got into
the fishing world to begin with. And so we want to make sure that mentorship is
a really important part of everything we do moving forward. We’re talking about
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how to navigate the policy process, how to finance your boat, how to build the
skills to be a good skipper and to catch fish well, to be a good community
leader, all those things. So while it’s the Young Fishermen’s Network, I think that
the involvement will be multigenerational.”
Another key aspect is community building. Echoing what Brown Lavoie’s
comments, Heimbuch said, “In all of this, we want to remind people to
celebrate their fishing culture with each other and with their broader
communities, share food, tell stories. Not necessarily because we all need a big
pat on the back but because that elevation of community and relationships are
essential building blocks for fish families. And those are the things that really
motivate us to tackle the bigger challenges: policy issues, financial struggles,
and of course, the never-ending work of just being a fisherman. And it’s what
can motivate a young person who’s on the fence between sticking it out and
leaving for another life. “
An audience member asked Heimbuch whether the Young Fishermen’s Network
and other programs in Alaska have shown tangible results in terms of recruiting
more people to fishing. “I think it’s too early to say that,” she responded. “I’ve
seen the results of being able to follow up on the ideas and motivations of
people that are currently involved, but I think that we’re a little new to know
whether we’re inspiring new members of the industry. I do know of several
fishermen in their 20s who have really been in that position of being on the fence
– ‘do I stay in this industry or give it up?’, trying to make it work. And I have seen
them use the network to find crew jobs in different fisheries, diversify their skills,
and to support one another. I can think of a few specific fishermen who are still
in the industry because of those connections. So I think we’ll see more and more
of that.”
The workshop ran out of time and had to wrap up before participants were able
to engage in a broad whole-group conversation about what they had just
heard from young fishermen’s round-robin and the three panelists. Just before
breaking, retired fisherman and safety trainer Fred Mattera announced that the
Commercial Fisheries Center had received a $100,000 grant from the National
Fish and Wildlife Federation to coordinate a training program for young fishing
crew. The Center has also been in conversation with DEM about making it easier
for older fishermen to transfer licenses. There was some debate from other
audience members about whether training could or could not solve the
problem on its own without a simultaneous commitment to resolve issues of
licensing, viability, and regulatory strain.
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Brainstorming exercise
When participants arrived, they were given four questions on a sheet of paper
and asked to fill them in as they listened to the speakers and audience
interaction. Participants handed in the worksheets as they left the workshop. The
following is an unedited list of all responses collected.
1. What do we want Rhode Island’s fishing industry to look like in 10, 20, 30 years?
• If nothing changes with the way Narragansett Bay is treated, there are not
going to be any bay wild fisheries. Commercial fishing will be forced to
move outside of Narragansett Bay and further offshore.
• Hopefully as vibrant as it was 30 years ago. I would hope for more
opportunity to get licenses and for politicians to come together more with
fishermen in establishing real-time data.
• Profitable and open
• Fishermen would be allowed to land what they catch – i.e., summer
flounder, black sea bass
• Open licensing so people can decide whether or not to make a go at
fishing. More licenses don’t guarantee an increase in commercial fishing.
• Profitable
• Strong leader/training programs
• Strong government advocacy and policy
• Increase in the number of fishermen, fish stocks, shoreside support, and
more interest in people eating more seafood along with different species
• I would like to see it continue as a community-based industry with
individual boat owners. Not a corporate fleet.
• Moneymaking operations with good, safe boats and happy, healthy
crews.
• I would like to see more offshore boats than I do now.
• I would like to see every age group from 20-70 years old represented.
• To provide access to young entrants
• The industry will cease to exist if the federal/state regulatory agencies do
not change their focus and attitude.
• It is easier for large retailers to purchase frozen seafood than domestic
product that has been burdened by excessive regulations.
2. What factors are contributing to the decline of fisheries participation among
today’s young people?
• Poor health of the ecosystem in Narragansett Bay
• Lack of work ethic: there are no handouts in fishing
• Regulations
• Lack of opportunity
• Start-up costs
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Licensing
Catch limits
They don’t work hard. Lots of young people don’t want to or don’t know
how to work like the older generations.
Work ethic
The youth are not encouraged to work in the field. They are obsessed with
technology.
Decline in profitability
Push for college for everyone
Risk-reward mentality isn’t there
Cost
Regulations
Lack of interest
Not enough outreach to young people to get interested in the fishing
industry
Lack of access to licenses and permits
Lack of financing to start at business
Bad coverage from local media
Lack of educational opportunities
Lack of support from current fishing families for the next generation to
continue due to frustrations with regulations
Young people don’t want to work
There is no apparent future in it
Regulations
Licensing
Science
The industry will cease to exist if the federal/state regulatory agencies do
not change their focus and attitude.
It is easier for large retailers to purchase frozen seafood than domestic
products that have been burdened by excessive regulations.
Lack of financing
Lack of federal/state support
Regulatory issues
Lack of a good educational foundation in marine skills/trades
Negative press and public perception (impact of “green groups”)
A drastic change in waterfront land use policy and direction (private
marinas and housing developments versus commercial fishing port
support and infrastructure)
Lack of a solid lobby or political base that is pro-fisheries
Schools are pushing grads to tech schools and college, not manual labor
The Hague Line and Magnuson Act screwed us. It was the beginning of
regulation. It should have been limited entry and limited horsepower and
net size. This stuff was addressed but only after cod, yellowtail, butterfish,
tilefish stocks were decimated.
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3. How can we reverse these trends by assembling a 21st century pathway to
fisheries careers?
3a. Interest: How do we let people know that fishing is a great career?
• Stop the negative press. Tell a 21-year-old he could make $70K a year and
if they pay attention and learn, they can make $150K a year. That exists
right now in the offshore fishery. But young people don’t know about it. As
soon as you say ‘fishing’, most people think the worst.
• Get the word out to young people
3b. Access: How do we make fishing affordable and navigate financial barriers?
• Open licensing in RI
• Move old unused licenses to those individuals who could use them
• Work with banks to help secure financial help to enter the business
3c. Education: How do we make sure that tomorrow’s fishermen know what they
need to know to be successful?
• Programs to teach basic seamanship and maintenance of boats
• More options for training, tech school programs, hands-on learning
• The Educational Exchange in South Kingstown is a good potential
connection for mentoring programs. They have a paid course for folks
looking to enter the aquaculture industry and for helping workforce
development and training. Maybe we can get a similar class developed
for wild harvest?
• Create mentorship and vocational programs
• Get some commitment from board of education
• Partner with schools
• Government grants/loans and mentorship for newbies
• Access to professional development trainings, strong fishermen’s
associations, and relations with government
• Educational opportunities, including hands-on experience. Possibly a fleet
of training boats willing to help young people experience fishing
• URI’s program was good
• Grassroots basic training programs at a technical / hands-on level
• Summer apprenticeship with an established shellfish business
• Subsidize vocational fisheries school
3d. Support: How can we build social networks for learning, encouragement,
and collective capacity building among young fishermen and their elders?
• Young people will be all over this. One thing that young people do well is
to navigate social networks.
• Create more online forums and have more public meetings
• Help younger fishermen communicate
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More seminars

3e. Other?
• We need a healthy resource to make money.
• We need a way for regulations to change as fast as the environment
changes.
• Get rid of federal quotas
• Use just a mesh size / ring size to regulate
• Fishing is the 2nd oldest job in America. It will make it.
• Help guide fishermen to retire from fishing – i.e., saving money
• Better regulations to create more hope and funding for opportunity
• Government can take a less overly cautious line when developing
regulations
• If we can’t get regulations under control, there will be no future
• The common image of the fisherman being of the “buffalo hunter
mentality” has to be addressed and changed to make the general public
aware of the value of the commercial fishing industry and way of life
• Show how important fishing is not just for a food source but as stewards of
the environment
• Limit horsepower, limit net size
4. How will the fishermen of the future need to be different than they were in the
past? How can we start planning now to ensure an industry built for the future?
• They have to be able to take ownership of fisheries. Must take
responsibility for health of fisheries. Whether we like it or not, all of this has
become privatized and in some cases there is need for more
consolidation.
• Managers need to come together with fishermen to be more realistic in
managing in managing and regulations. Not letting one research study
tow or someone sitting in an office decide our fate.
• They need to learn first then change, but they can’t learn without
licensing.
• Fishermen will need to work closely with state and federal partners. They
need to provide the scientific community with the best info they can
provide.
• Fishermen will have to adapt to all the future challenges, and it won’t be
easy, but hopefully fishermen will hang in there. Start today and fight for
tomorrow.
• Fishermen will need to be versatile and able to take advantage of new
opportunities that come along.
• Fishermen will need to have an understanding of the regulatory system.
• They have to become more unified and be able to look beyond shortterm problems between user groups – HAVE A COMMON GOAL. Unity,
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strength in numbers. Without a strong voice the industry will be politically
driven.
Very involved with DEM and CRMC
In the past, nepotism ran the industry. If your father or uncle owned a
boat, you could get a job. Then big fleet brought college kids because
warm bodies needed and the money was talked about in bars. Now fleet
is tiny and no word of mouth to attract the new.
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Although seaweed is not a target species for anyone but a very few fishermanforagers, it has impacts on many fisheries. During Phase I of the Resilient Fisheries
RI project, several Rhode Island fishermen noted changes in the seaweed
community as being of particular concern to them in a changing ecosystem.
For example,
• Gillnetters highlighted outbreaks of invasive red seaweed and a brown
stringy seaweed clogging their nets during heavy times in the
spring/summer around Block Island. One dragger fisherman in the bay
mentioned similar experiences. This seaweed is a significant nuisance and
cuts into the time and profits of these fishermen.
• Narragansett Bay fishermen highlighted an increase in Desmarestia viridis
seaweed in certain parts of the bay. This seaweed contains sulfuric acid,
and fishermen wondered about its ecological effects on other species.
• Many Narragansett Bay fishermen noted a disappearance of kelp and
rockweed in the bay and expressed concern about loss of this valuable
habitat.
At this workshop, fishermen engaged in a free-flowing Q&A session with Lindsay
Green, a post-doctoral fellow at the University of Rhode Island who specializes in
macroalgae (seaweed). Participants spent the first ten minutes jointly
developing an agenda for the workshop, consisting of the following questions:
1. What are the names of the seaweeds that are causing offense?
2. How does invasive seaweed get here?
3. What causes nuisance seaweeds to bloom or grow?
4. Which ones are toxic and what affects their toxicity?
5. How do they propagate?
6. How are they affected by climate change and ocean acidification?
7. What do we know about the range and depth distributions of different
species?
8. How are humans contributing to the growth of some seaweeds?
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9. How are humans contributing to the decline of some seaweeds?
10. What types of monitoring are being done, or could be done, to
achieve a better understanding of the patterns?
Fishermen described several types of seaweed that they have observed
recently in local waters. Based on their descriptions, Dr. Green pulled up online
photos of species that fit these descriptions, and the group attempted to
identify them based on memory. This exercise provides a cursory means of
classifying local nuisance seaweeds; a more thorough field and laboratory
sampling program is necessary to truly identify the species of concern.
Based on their discussion, the
group identified two likely
species names for some of the
seaweeds that are present in
local waters and causing
concern:
Dasysiphonia japonica. This red
seaweed sometimes washes
up in Newport beaches. This is
most likely the red seaweed
that’s been clogging gillnets
south of Block Island in
summers of 2014, 2015.
According to Dr. Green, the
first time it was observed in RI
waters was around 2007.

Dasysiphonia japonica

Desmarestia viridis

Desmarestia viridis. This
seaweed produces sulfuric
acid and has a noticeable
smell. According to one
fisherman, it is prolific in Dutch
Island Harbor.
Fishermen also named several other seaweed species that they have observed.
These included a “brown stringy seaweed” that looks like seaweed salad at a
sushi place. Fishermen see big balls of it and it can be a major nuisance. Others
named one that they call “slime” and another they call “kale”, which they see
in the Bay. Unfortunately, it was impossible to identify them based on a verbal
description.
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Dr. Green explained that most invasive seaweeds arrive via ballast water. They
can also move via shellfish transport. Seaweeds, she said, are extremely resilient
and they have very complex life histories. A lot of species have microscopic life
phases that don’t look like their adult form at all.
Fishermen asked about the relationship between nitrogen inputs and seaweed
blooms. Dr. Green said that nitrogen fertilizes seaweed and helps it grow, but
weedy, fast-growing species do better than others in high-nitrogen environments
than slower-growing species. Fishermen wondered whether changes in nitrogen
loading to Narragansett Bay could be connected to the changing composition
of the Bay’s seaweed community.
The group then discussed the toxicity and chemistry of seaweed. Dr. Green said
that many seaweeds produce chemicals, and not all are toxic. For example,
sea lettuce (Ulva lactuca) produces hydrogen sulfide when it washes up on
beaches and dries in the sun. This chemical can sting people’s eyes and have
harmful impacts on marine species. Some research has suggested that sea
lettuce interferes with the ability of shellfish to settle to substrate, but other
studies say it does not; the jury is still out.
Two Block Island gillnetters described the chemical effects of the red stringy
seaweed that clogs their nets (presumably Dasysiphonia japonica). When the
seaweed, which clings to the nets on board, heats up in the sun, it turns into a
sort of puree that can burn human skin. If the seaweed sits in water for a while,
they said, the water becomes bright pink.
Fishermen expressed interest in knowing whether there are ties between ocean
acidification and nuisance seaweed blooms. One said that he had done some
Google searches and had discovered sources hinting at a connection between
acidified waters and abundance of Dasysiphonia japonica. With the declining
pH of ocean water, he asked, will seaweeds like Dasysiphonia become even
more of a problem? Dr. Green said that perhaps rather than low pH causing
increased Dasysiphonia growth, the two things – low pH and rapid seaweed
growth – are both caused by a third factor, namely the increasing carbon
dioxide concentrations in seawater. Since plants use carbon dioxide for
photosynthesis, many scientists assume that increasing carbon dioxide levels in
both air and water can be a boon to plants, including seaweed. However, there
are some indications that this may not be true in the long run for all species.
Another fisherman asked about warming waters: do certain seaweeds, like
Dasysiphonia, do better in higher temperatures? The fact that Dasysiphonia dies
out in late summer hints that it cannot survive cold temperatures, said Dr. Green.
The fact that it thrives in the open ocean, where nutrients are poor, suggests that
it is not nutrient-limited but rather temperature-limited.
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Dr. Green explained that different seaweed species are adapted to different
temperatures, so some may do better and some may do worse under changing
temperatures. But temperature is tied very closely with nutrient cycles, so the
picture is more complex. The nutrient cycle in our region is one in which nutrients
are more plentiful in winter weather; however, at this time of year, metabolism
and growth are slow. The seaweeds that do best are species like kelp that can
store nutrients. Other species tend to do best in spring, when waters warm and
nutrients have been used up. Warming temperatures will likely alter nutrienttemperature dynamics and lead to changing seasonalities for seaweed. If
warm-weather seaweeds start to bloom earlier, they might compete with
phytoplankton for nutrients. But scientists do not have an answer yet.
Dr. Green was interested in hearing more on the specifics of the distribution and
timing of Dasysiphonia outbreaks around Block Island. Fishermen explained that
it is most abundant in July and August, and starts to disappear in September
and October. It comes and goes with the tides: when tides are slow, it’s
probably sitting between the rocks; but during moon tides, it gets ripped off and
gets picked up by gill nets. Its depth range is from 40 to 120 feet.
Another fisherman related that a friend of his fishes in Long Island Sound and
New Jersey, and the fishermen there saw it several years earlier than Rhode
Island fishermen did. It seems to be moving East, he concluded.
Another fishermen said that the red seaweed seems to disrupt fish. He noted
that he was experiencing very good bluefish fishing in the area around Block
Island four years ago, but when the seaweed outbreaks started to occur the
following year, the bluefish disappeared. His hypothesis is that the seaweed
creates an anoxic environment on the bottom that either displaces target fish
like bluefish or displaces their prey.
Dr. Green observed that from what the fishermen said, it sounds like the
hydrodynamics of the area around Block Island act to collect seaweed and
keep it in one place. This species grows on rocks, but strong winds or tides can
pull it off and direct it into areas where it pools up. Once it collects in high
densities, it gets too crowded to survive, and it begins to die, creating anoxic
and potentially toxic conditions, and driving away other species. She asked if
fishermen had any theories about where the source population of the seaweed
was. They did not, but said there are definite recurring patterns in where it is
found. All agreed it would be very useful to track these patterns as a group and
try to decipher where the seaweed is coming from.
The group also spent some time discussing the specifics of seaweed community
change in Narragansett Bay. One Bay fisherman recalled that there used to be
a lot more kelp and rockweed in the Bay. There also used to be a long, stringy
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kind of seaweed that fishermen called “horsehair”, but it has also disappeared.
Fishermen thought the horsehair was a “good weed.” Ever since the horsehair
disappeared, he said, it has been replaced by “slime” (possibly Desmarestia).
The two do not seem to coexist.
Several fishermen present were interested in discussing possible connections
between changes in the seaweed community and topics of concern (see
Workshop #4) like (1) chemicals used to chlorinate and dechlorinate
wastewater, and (2) the 50% reduction in nitrogen loading from wastewater that
has taken place in Narragansett Bay in the last decade. Disappearance of kelp
and rockweed has seemed to coincide with the dramatic nitrogen reductions,
fishermen said.
Dr. Green expressed skepticism towards this hypothesis, saying that even with a
50% reduction in nitrogen loading from wastewater, the Bay is still receiving
much higher doses of nitrogen than it would be under “natural” or historic
conditions. The upper Bay is still receiving very high nitrogen inputs, and while
the lower Bay is less highly nitrified, this is typical of estuarine systems.
The more convincing hypothesis, said Dr. Green, is that warmer water
temperatures are causing the decline in kelp and rockweed. These are coldwater species, whose range extends no further south than Long Island Sound.
Although studies are not being done specifically in Narragansett Bay, global
studies of kelp distribution show that these species are receding towards the
poles. She added that there will always be some patchiness in this kind of
pattern, because nothing in nature is due to just one thing: rather, patterns
emerge due to combined impacts of temperature, nutrient levels, differences in
light levels, differences in herbivores – in short, a mix of factors that lead to
ecological change.
To wrap up, the group agreed that it is really important and useful to continue
this conversation and to work together to gather more specifics on what kinds of
seaweed fishermen are seeing, when and where it shows up, and how it seems
to interact with other species.
Dr. Green invited fishermen to take photos at sea and to submit samples of
seaweed to her so that she can identify them in the lab. To submit samples,
fishermen should follow these steps:
1. Don’t put the seaweed in seawater.
2. Keep it damp with a damp paper towel.
3. Wring it out and throw it in an envelope.
4. Mail it to Lindsay Greem University of Rhode Island, 120 Flagg Road,
Kingston, RI, 02881
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At this workshop, fishermen were joined by Dr. Lisa Colburn, a social scientist with
the Northeast Fisheries Science Center (NEFSC). The purpose of the workshop
was to explore and add to participants’ body of knowledge on social aspects
of vulnerability and resilience to climate change. The interviews in Phase I of the
Resilient Fisheries RI project highlighted many themes related to socio-economic
vulnerability, such as the aging demographics of fishermen, the loss and aging
of fisheries infrastructure and vessels, consolidation of fishing fleets, a negative
perception about fisheries among the general public, and perennial frustrations
among fishermen with fisheries science and management. The general feeling
among interviewees was that issues like these undermine the ability of Rhode
Island’s fishing industry to cope with change and uncertainty – whether due to
changes in the natural environment, the political environment, or the economic
environment.
Although the original plan for the workshop was for fishermen to gain exposure
to the results of the Dr. Colburn’s research on socioeconomic dimensions of
NOAA’s Northeast Fish and Shellfish Climate Vulnerability Assessment and to
build up a knowledge base through sharing of personal experiences, the group
in attendance was so small that rather than following a lecture-style format,
participants sat around a table and had a long, free-roaming conversation
about what vulnerability is and how it manifests itself in Rhode Island’s fishing
industry. The summary that follows captures the key themes that emerged
through the workshop.
Habitat and environment
Participants expressed concern that the coastal habitat that forms the basis of
so many inshore fisheries is not as resilient as it could be, and that there need to
be stronger policies and enforcement with regard to coastal development. For
example, one fisherman suggested that fisheries habitat should be better
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represented in the Bristol Harbor Management Plan that is currently in
development.
Telling our story
Participants talked about the need to better tell the story of commercial fisheries
to the public. Many fishermen feel that the public has little appreciation for wildharvest fisheries, and that fisheries suffer from portrayal in the media as a dying
and dysfunctional industry. Although fishermen often feel beaten down by
fisheries management and other factors that affect their lives, they agreed that
it is important to keep public messaging positive. Telling a more accurate and
upbeat narrative about commercial fisheries would also help recruit young
people to the industry and keep it more resilient for the future.
Recruiting young fishermen
Dr. Colburn was interested in hearing from fishermen how they would define
vulnerability in the fishing industry. The first thing that came to many participants’
minds was the low level of participation among young people in commercial
fisheries.
One longtime fisherman looked around the room and observed that younger
fishermen are becoming fewer and fewer. He looked at the younger fishermen
in the room and compared their lives to what his was like in the 1980s, saying
that he was able to buy a house, send kids to private school, and invest money
in his fishing operation. Today, those goals are out of reach for many young
inshore fishermen starting out from scratch.
Dr. Colburn described a NEFSC oral history project that found a consistent
pattern in which established fishermen were discouraging their own children
from choosing careers in fishing. The group discussed that in the past, parents
saw college as a ticket to a better standard of living. But nowadays, with the
costs of college going up and wages staying the same in many fields, a lot of
college-educated young people don’t necessarily have higher standards of
living than young people in the trades. Participants said they have observed
growing recognition in the national dialogue that America still needs
tradespeople, farmers, and fishermen.
The group discussed some ways to leverage that trend to benefit Rhode Island
fisheries. Dr. Colburn mentioned that Sea Grant used to have a program in
which fishermen visited school classrooms to talk about fishing. She also
mentioned Fred Mattera’s announcement at Workshop #5 about the
Commercial Fisheries Center of Rhode Island’s new crew apprenticeship
program, slated for debut in summer 2017. The group discussed how this is a
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great first step, even if it is focused primarily on crew. However, although crew
skills are all transferable to owner-operators, owner-operators also need training
in business planning, financing, health insurance, boat maintenance, fisheries
licensing, and other aspects of running a business.
Several participants commented that if Rhode Island invested in young people
in fisheries the way it invests in young people in aquaculture, we wouldn’t have
this problem. One participant asked whether other participants see aquaculture
as a threat in any way. The others responded that they do not see it as a threat,
but are concerned about the differential levels of support that aquaculture and
wild fisheries seem to receive. Because of this, “young people are going into
aquaculture instead of becoming quahoggers,” one said. Another participant
observed that of the three legs of Rhode Island’s food system – land-based
farming, aquaculture, and fisheries – two are on a growth trajectory, and only
fisheries seems to be struggling to recruit young people.
Dr. Colburn commented that one of the things she is hearing in this conversation
is that there’s an issue with the social perception of fishermen, and that if that
was better, the industry might be able to withstand many kinds of challenges
better. The group agreed.
Seafood marketing
Participants reflected on the Rhode Island Seafood Marketing Collaborative’s
efforts to promote a RI Seafood branding and logo campaign. While they
agreed it is a step in the right direction, some felt it needs to be leveraged in a
bigger way to market not only individual products produced by the fishing
industry, but the industry as a whole.
Another marketing tool that would prove quite valuable to the inshore fishing
industry, many felt, would be the ability to sell fish and shellfish directly to the
public. Success stories like the Newport Lobster Shack illustrate the multiple
benefits that can accrue to fishing ports that participate in direct marketing. The
Newport Lobster Shack not only helps fishermen reap greater profit margins on
their lobsters, crabs, and conchs, but it allows fishermen to have face-to-face
contact with the public, educating and raising awareness about the value of
this industry. Bristol fishermen attempted something similar several years ago but
failed due to the high bars set by the Department of Health. Some participants
commented that the Bristol seafood cooperative might have been ahead of its
time; perhaps the environment would be better to try something like that now.
Environmental vulnerability and diversified businesses
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Dr. Colburn presented an overview of the results of NOAA’s Northeast Fish and
Shellfish Climate Vulnerability Assessment that Jon Hare showed to participants
in Workshop #1. On top of the biological vulnerability rankings that Dr. Hare
presented (see Workshop #1 in this report), Dr. Colburn presented some indices
of socio-economic vulnerability to climate change and variability. Socioeconomic vulnerability to climate variability, she explained, is generally higher in
communities that depend on species that are more vulnerable to climate
change, and that have a lower overall diversity of target species.
New Bedford and Point Judith offer a useful comparison. Point Judith is not only
a very diversified port, but many of the species that it depends on are likely to
fare well or be unaffected by climate change. New Bedford, in contrast, is
highly reliant on one species – sea scallops – that are predicted to be negatively
affected by ocean acidification.
Participants agreed that diversity and flexibility are key to being adaptive and
resilient. However, they noted a general trend away from diversity, and towards
specialization, in inshore Rhode Island fisheries. To a large extent, this is the way
our licensing system is set up. While multi-purpose licenses exist, they said, they
are expensive and cost-prohibitive for many people. Some workshop
participants were examples of very diversified businesses, but they described
themselves as the exception rather than the rule; many Narragansett Bay
fishermen only target quahogs. One participant said that a fisherman who has a
license should be able to fish for whatever is available in the Bay: e.g., scup,
quahog, conch, lobster, scallop. One young participant who only had a
quahog license admitted he wouldn’t even know how to fish for other things,
since he has never had the opportunity to learn. This highlights a loss of
ecological knowledge that can occur when fishermen become specialized.
Dr. Colburn wondered how participants felt about cooperatives or permit banks
as a possible solution to the problem of specialization: would it be helpful if a
permit bank or fishermen’s cooperative purchased a variety of different licenses
for its members to use, so that they could become more diversified? This led the
group to segue to a new topic: the need for better organization in Rhode
Island’s fishing community.
Collective organization
If fishermen could become more cohesive by creating a central organization,
participants mused, they might be a lot stronger when interacting with entities
outside the industry. One participant asked if the Commercial Fisheries Center of
RI was the proper entity to play that role. The East Bay fishermen present felt they
had been left out of that, because it is a federation of associations and there is
no association representing the East Bay. However, this is a problem that could
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be remedied. Another participant wondered whether it is possible for all Rhode
Island fishermen to share the same interests and be represented by the same
organization, or if there are actually multiple industries within one; would it make
more sense to have a few strong organizations instead of one?
A strong central organization could also play a significant role in supporting
young people in the industry, one participant said. At Workshop #5, young
farmer Tess Brown Lavoie discussed her work with the nonprofit Land for Good,
which connects landowners and landseekers and works closely with them to
help transition farmland to new farmers. A central fishermen’s organization could
play a similar role, connecting young people with financing, training, mentorship
– a whole package of support.
Conclusion: putting the pieces together
Many of the aspects the group talked about relate to each other and can be
addressed through a systems lens. The group discussed several ways to knit
together mentorship, cooperative marketing, and advocacy. For example,
marketing local seafood products and “selling” an uplifting story about the
industry are two objectives that can be coupled together, one participant
suggested. Another commented that the energy and fresh vision that would
help with direct and local marketing could be found in young fishermen, so
supporting entry of the next generation into fisheries is a means to those ends as
well. A large-scale “PR campaign” could boost markets, protect working
waterfronts, and recruit young people into the fishing industry simultaneously. In
short, these objectives can be pursued more effectively if they are pursued
together. The key, they concluded, is being organized as an industry, working
together, and leveraging the assets that we have in our midst.
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Sources of vulnerability identified by workshop participants
•
•
•
•
•

Low levels of participation by young people in RI’s fishing industry
Insufficient organization and cohesiveness among industry members and
weak representation to policy makers
License-driven specialization in harvest strategies and lack of
flexibility/diversity
Need for greater marketing diversity
Variability in the natural environment and mismatches between the
environment and regulations

Vulnerability reduction strategies proposed by participants
•

•
•
•
•

•
•

A “PR campaign” to “tell the story” of RI’s fishing industry to the public,
improve the social perception of fisheries, and let youth know about job
opportunities in fisheries
More apprenticeship and training programs for young fishermen: not just
fishing skills, but also business training
Tap into place-based marketing through more buy-local campaigns and
direct marketing, including cooperatives
Diversification and flexibility are key; explore ways to achieve these
attributes through revamped licensing regulations
Some kind of organization or cooperative that could hold licenses/permits
and lease or sell them to fishermen (there are pros and cons associated
with this)
Third-party nonprofit that would connect retiring owner-operators to
aspiring owner-operators
Idea to tie together advocacy, cooperative marketing, training – all of
these require more cohesion, organization, and trust
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“The profitable study of useful sea fishes can not be
prosecuted without a knowledge of their food, their
respective friends and foes, the habitat of the several
species, and their means of passing from one region to
another in the embryonic as well as in the adult stage….
[T]emperature, currents, and specific gravity should be
studied in connection with the migrations and habits of
pelagic forms.”
- Spencer Fullerton Baird (1880), quoted by Owen Nichols
At this workshop, Owen Nichols, a scientist from the Center for Coastal Studies,
Provincetown, presented an overview of the collaborative research he
conducts with Chatham weir fishermen to track squid’s responses to
temperature, oxygen, wind, and other factors. Participants listened to Nichols’
presentation and discussed some further questions on squid ecology, particularly
related to science and management of squid in a variable climate. The
conversation arrived at three main conclusions:
1. There is a lot that is simply unknown about squid ecology and behavior.
2. There is a lot of interannual variability in squid abundance and distribution,
and we don’t know what the predictors are.
3. There may also be long-term trends like a northward/eastward
shift/expansion and a long-term trend towards more of a summer fishery. But
these trends are obscured by high levels of interannual variability.
The title of Nichols’ presentation was “When, Where, and Sometimes Why:
Environmental Effects on Squid Distribution.” He began with an overview of what
is known and what is not known about squid biology and population ecology.
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As his presentation illustrated, there are still many gaps in scientists’
understandings of squid.
What we know about Loligo squid (Owen Nichols)
• They’re short-lived (about one year).
• They’re sexually dimorphic. Males get bigger than females.
• They reach sexual maturity around 8-10 cm.
• It is thought that they spawn throughout their range. We know that they
spawn inshore, but there’s some evidence that they spawn offshore as well.
• They lay egg “mops” on the bottom. Each mop is fertilized by multiple males.
• They grow faster when it’s warmer.
• They range from Newfoundland to Venezuela. They’re found anywhere the
water temperature is over 8°C.
• There’s not a lot known about what they do and where they go once they
hatch as larvae.
• They eat a wide range of organisms, including each other.
• A wide range of organisms eats them.

Popula'on Dynamics

Nichols underscored the high interannual variability in squid biomass and
landings by showing this time series:

Biomass indices exhibit interannual varia'on

Hendrickson 2016

As a result of the high interannual variability that is evident in this time series,
squid fisheries have a “boom or bust” character. Getting a better understanding
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of “where squid go and why” can be valuable for several reasons, Nichols said:
it can help forecast fisheries abundance and distribution, make sense out of
survey indices, and support ecosystem-based fisheries management.
One of the challenges in answering these questions, Nichols continued, is that
ecosystem processes occur at several different time scales simultaneously:
decadal, annual, even on the order of minutes. Spatial scales can range from a
few miles to the entire continental shelf. For example, an increase in abundance
can take place within a radius of a few miles while the population everywhere
around it is going down. When things look different at different scales, it can
lead to adversarial interactions between fishermen and scientists. Fishermen
tend to see things at high resolutions (small scales) whereas scientists tend to see
things at low resolutions (big scales) and generalize about how the whole system
works.
For several years, Nichols has been working with the Eldredge family from
Chatham to perform collaborative research with them on their weir trap. Weirs,
or floating fish traps, provide an ideal setting to track fine-scale patterns in
distribution because they remain in one place over a long period of time,
recording a wide range of environmental conditions. The Eldredge trap setup
and its location haven’t changed much in a hundred years. The research team
gathers data by outfitting the gear with sensors that measure temperature,
oxygen, salinity, pH, and pressure. They couple this with wind speed data
collected at a nearby weather station and abundance data from their fishing
logbooks. To understand the behavior of squid, fish, and their predators inside
the weir traps over a 24-hour period, they place a camera and a sonar system
inside the trap.
The main finding from the research so far, Nichols said, is that there is an optimal
range – a sweet spot -- for squid, that is dictated by both temperature and
oxygen. Squid arrive in spring when water temperatures hit about 52°F, but when
waters warm and the water column becomes anoxic at about 60°F, they move
out of the area. Wind speed and direction also play a role. For example,
catches tend to spike when the wind is hard southwest, and fall when wind is
from the northeast.
The weir research takes place at a very small scale, but Nichols’ work also looks
at ways to better predict inshore squid catches using environmental data at
large scales. He said that fisheries surveys by NMFS, Massachusetts, and Maine
are all detecting a northwards shift in squid populations. Although this trend is
not uniform in space and time, it is fairly consistent. Then he presented a graph
that explores the relationship between the North Atlantic Oscillation and inshore
squid abundance (below). In the years since 1990, the time series indicates a
tight fit between temperature and squid abundance, but in the years before
that, other influences appear to have been dominant. In other words, the
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system behaves differently over time and we don’t always know what’s driving
it.
Nichols also discussed some spatial patterns to squid distribution. For example,
he said that two fronts of water - the Slope Shelf Front and the Slope Sea – trap a
mass of water in April that presents optimal conditions for squid. As a result,
many fish are found there and the fishery is concentrated in that area. A better
understanding of this patchy distribution and the factors that drive it would help
with stock assessments. Currently, squid stock assessments are fraught with
uncertainty; none of the models that scientists have designed has been able to
fully capture their complex dynamics.
Environmental factors also have a big impact on spawning behavior, Nichols
said, although, as is the case with many things about squid population ecology,
little is known about the precise mechanisms. For example, researchers in South
Africa found that when waters become highly turbid, spawning stocks of squid
disappear. Squid are visual communicators, so they have trouble finding each
other in turbid conditions.
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Nichols closed his presentation with a quote from Spencer Fullerton Baird, the
first Commissioner of Fish and Fisheries for the United States (1897):
The profitable study of useful sea fishes can not be prosecuted without a
knowledge of their food, their respective friends and foes, the habitat of
the several species, and their means of passing from one region to
another in the embryonic as well as in the adult stage…. [T]emperature,
currents, and specific gravity should be studied in connection with the
migrations and habits of pelagic forms.
At this point, the group transitioned into a free-ranging discussion about squid
distribution, abundance, and behavior. One of the key themes of this discussion
was that a better understanding of fine-scale understandings of squid migration
and distribution would be a large boon to fisheries management.
The National Marine Fisheries Service (NMFS) squid survey “misses the mark by
miles,” said one participant, and no one knows why. Another fisherman
suggested that the NMFS survey is done at a time of year - spring and fall - when
squid are harder to find. Another commented on survey geography: neither the
NMFS nor the Northeast Area Monitoring and Assessment Program (NEAMAP)
survey gets into waters under 10-15 fathoms, so important places like Nantucket
Sound are not surveyed at all. Nichols agreed: The time and location of the
survey does not always match where the squid are. Maybe we should think
about using an industry-based survey, he proposed.
The discussion also made it clear that there are are many mysteries to squid
biology that neither fishermen nor scientists have been able to solve. The group
wondered about the general consensus that squid die after spawning: has that
been confirmed scientifically? Nichols said that scientists have generally
assumed that East Coast squid die after spawning because the evidence shows
that West Coast squid die after spawning. However, no one really knows for sure.
A fisherman in the group expressed skepticism, saying that if squid died after
spawning, fishermen would catch dead squid in their nets.
The group wondered how many spawning events take place each year.
Fishermen typically observe one big spring spawning event and several other
smaller events. Nichols said that he has seen a spring run and a fall run of squid
in Nantucket Sound, in which multiple cohorts enter the sound and lay eggs. The
NMFS stock assessment models assume that the offshore fishery harvests squid
that spawn inshore, and the inshore fishery captures squid that spawn offshore,
but no one knows for sure whether that is the case; Nichols suggested that it’s
probably more complicated than that. “Some of the basic biology of these
critters we plain don’t know,” he concluded.
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The group exchanged many observations and hypotheses about squid
migratory patterns, specifically the direction from which they enter Nantucket
Sound in the spring. Fishermen present said that seem to appear in Nantucket
Sound before they appear in the waters off Rhode Island; does this mean they
enter the sound from the east? Nichols said that what he has observed and
heard from Massachusetts fishermen is that squid move across the sound from
west to east, tucking into the harbors first. This generalization is based on two
observations: jig fishermen who fish on the docks are the first to see them in the
spring, and the first weir trap to catch them is the westernmost one in the sound.
But some of the fishermen at the workshop said that it seems like the squid come
into the sound from Georges Bank.
Fishermen said they have always been mystified by the sudden appearance of
squid in Nantucket Sound in the spring: they catch them all winter long offshore,
but they are small – and then all of a sudden they show up in Nantucket Sound,
over a foot long in size. What are they doing in between and why is it invisible to
fishermen: are they feeding in a part of the water column where fishermen don’t
tow their nets?
Attaining a more fine-tuned understanding of migratory patterns is becoming
more important due to a recent conflict among different groups of fishermen.
The summer of 2016 was a banner year for Rhode Island squid draggers in
Nantucket Sound. But a group of Massachusetts recreational fishermen accused
them of catching too many squid before they were able to migrate inshore,
depriving inshore game fish of their forage base. Rhode Island fishermen present
at the workshop said that they believe they caught the mass of squid after it
had made its way through the sound and was heading south in search of cooler
waters. Nichols said that he’s looked at some of the data from 2016 and has
been trying to make sense out of it. It’s not clear, but it seems as though the
migratory patterns of squid may be changing in significant ways, which could
be leading to the human conflicts we are now seeing there.
Anna Malek Mercer, Executive Director of the Commercial Fisheries Research
Foundation, shared some information about the Foundation’s Shelf Research
Fleet. Working with Woods Hole Oceanographic Institute, the Foundation and its
partner fishermen have seen evidence that squid are moved around by bottom
currents. Although squid can propel themselves to a certain extent, they are
technically planktonic, so they are subject to oceanic patterns such as warm
core rings and other dynamics that might act in a way that pushes them up
onto the shoals.
Nichols added that there are a lot of oceanic dynamics occurring in this area.
For example, there is a current that runs down the eastern shore of the Cape, as
well as an enormous amount of frontal activity that happens on the western side
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of the south channel and along the edges of the shoals. All of these complex
dynamics underline the need to understand squid patterns at a finer scale than
we presently do.
Nichols asked the group: “Would it help you in your business to be able to better
predict the squid in a given year? What other questions do you have that would
be useful, or do you think we know everything we need to know?”
One fisherman responded, “As an operator, as an owner, with a lot invested, I’m
concerned because all our eggs are in one basket now, because we’ve been
kicked out of other things and limited to this. If this port didn’t have squid, it
would be a parking lot for Block Island and a few party boats. There are a lot of
questions that have to be answered, like: How do those water flows go up and
down the bank? We fish from Cape Hatteras up to the Hague Line, and we’ll
see runs of squid that come up the bank an inch or two long, and then we
never see them again, and then the next thing you know, there’s a huge run of
them in the sound. And it’s like, how are those migratory patterns working?”
Other participants began sharing their own questions and observations related
to migratory patterns. We used to see big runs of large squid off Westerly in
shallow waters in May, one said. They would even be in the salt ponds. But that
has changed. Nichols added some of his own observations, saying one time a
few years ago, squid were very abundant in the Cape Cod Canal, lasting all the
way into fall and winter. That pattern had never been seen before and it has
never been seen since.
In sum, participants saw a strong need to better understand patterns of squid
abundance and distribution, and their relationship to temperature and other
environmental factors. One possible source of this information, said one
participant, is the data collected by NMFS’ Collaborative Research study fleet.
However, this data is considered proprietary and cannot be used in stock
assessments. Participants affirmed that it would be ideal if those data – which
nearly all of the Point Judith squid boats participate in collecting - could be used
in management.
Having a better understandings of squid distribution and abundance would not
only help in management, but also in business planning, participants said. It is
particularly important to grasp what drives the squid fishery, because this fishery
has become the fallback for most of the Rhode Island dragger fleet. One
participant explained, “We’ve been regulated out of groundfish, we’ve been
regulated out of scallops. There’s limited access coming for many other fisheries,
and control dates. That’s why it’s important for us to know. If we could predict
squid runs better, then maybe you could decide to sell a boat, or keep a boat
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tied up. We could control things on the input end by controlling our costs and
allocating resources better if we knew what was coming each year.”
At the end of the workshop, Project Coordinator Sarah Schumann led
participants in developing a list of priority actions. With Schumann capturing
ideas on a flip chart, participants identified seven priorities:
• Rhode Island needs a voting seat on the Mid-Atlantic Fisheries
Management Council so that its fishermen can have a say in how squid is
managed.
• Allowable catch should be reallocated across the trimesters so that it
lines up better with the seasonality of abundance, which has changed in
recent years.
• We need more research to understand squid migration patterns. We see
them when they’re small and when they’re big; we don’t know what
happens or where they go in between. If we had a better understanding
of the migration pattern, it could feed into management as well as help
fishermen know where to invest their effort (fish smarter, not harder).
• We need to know how hardy egg mops are. Do they survive after we
drag them up and throw them back? Are we killing of the next
generation when we do that?
• We need to move towards real-time data and management. An
example is the Alaska pollock fishery; it opens and closes based on how
much biomass is caught.
• We need more cooperative research.
• We need access to data in real time. “Fishermen need access to data
that’s two days old, not two years old.”
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“States have fixed quotas assigned to them. But the
resource and the availability of that resource to that area
have changed dramatically. I don’t know how we’re going
to address this natural redistribution or relocation of the
resource. That’s a big question, and that’s going to be a
hard one to answer.”
-- Workshop participant
In Phase I of the Resilient Fisheries RI project, one interviewee called the black
sea bass as “a classic example of everything that’s wrong with fisheries
management.” Many of those interviewed concurred with the spirit of this
statement. The black sea bass – easy to catch, close to shore, and high-priced –
appears to be a “winner” in the climate change lottery. Since around 2014,
fishermen of many gear types have been catching large quantities of sea bass.
But the science and management systems has not yet caught up with this
species’ changing biomass, making for a situation in which fishermen have to
throw back much of what they catch. This workshop brought fishermen together
with Jason McNamee (Rhode Island Department of Environmental
Management) and Thomas Heimann (Commercial Fisheries Research
Foundation) to get up to date on what the science and management
community is doing to address the problem, and how fishermen are improving
the data on black sea bass through collaborative research.
Project Coordinator Sarah Schumann started the workshop by asking
participants to develop an agenda for the session. The group identified the
following twelve questions to guide discussion:
1. How are black sea bass distribution and abundance changing (what
does the data show)?
2. Are other states seeing the same population boom that we are?
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3. What factors are contributing to these changes?
4. Why is black sea bass considered a data-poor species?
5. What are the Department of Environmental Management (DEM) and the
Commercial Fisheries Research Foundation (CFRF) doing through
collaborative research to address data gaps?
6. Why is the RI quota so low? Do other states have the same problem?
7. What is being done (or could be done) in the management realm to
increase RI’s black sea bass quota?
8. If CFRF’s research is successful at filling data gaps, how will that
information be used in management?
9. Is black sea bass a textbook example of the challenges of climate
change? Why/why not?
10. What lessons can we learn from black sea bass to develop rules of
thumb for managing fisheries in a changing climate?
11. How can the speed of the management process be accelerated to
keep up with a changing environment?
12. Are there a northern stock and a southern stock of black sea bass?
Jason McNamee, Chief of Marine Resource Management at DEM, offered the
first presentation, called “Black Sea Bass Stock Assessment History: An Evolution.”
The main thrust of the presentation was that although problems remain with the
black sea bass stock assessment methodology, there has been progress over
the last decade. However, gaps remain – and DEM is partnering with the
Commercial Fisheries Research Foundation to fill them in.
One of many tricky aspects about black sea bass is that it involves overlapping
jurisdictions, said McNamee. “Black sea bass is a jointly managed species. What
that means is that this is a Mid-Atlantic Council-managed species that’s comanaged by the Atlantic States Marine Fisheries Commission (ASMFC). We don’t
have a seat at the Mid-Atlantic Council. We do have a seat on the ASMFC. The
unfortunate thing about that arrangement for us is that all of the high-level
quota-setting decisions get made at the Council. And what the Commission
gets to do is to then rearrange the deck chairs after the quota has been set.”
Prior to 2008, managers based stock assessments on a three-year average of
trawl survey data, as is done with some groundfish like yellowtail flounder. In
2008, they started using a statistical model based on length, called the scale
model. But this model ran into problems. Although it was approved by the
Northeast Fisheries Science Center (NEFSC) Data Poor Working Group, the MidAtlantic Scientific and Statistical Committee (SSC) rejected its use for
management, saying that the model lacked a way to account for the atypical
life history of the black sea bass. Black sea bass are protogynous
hermaphrodites, beginning life as females. One female in the group transitions
to male when the dominant male in the group dies. The SSC also cast doubt on
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the use of the trawl survey to capture abundance data on a species that
congregates in rocky areas where the survey boat cannot tow its net.
As a result, for three years, black sea bass did not have an approved stock
assessment. Then in the run-up to the 2011 scheduled stock assessment, scientists
tried a new approach: an age-structured assessment (the previous model was
based on length) called the Age Structure Assessment Protocol. The model
showed a healthy spawning stock biomass. But it did not pass peer review. This
time, it was because the model failed to take into account the possible
existence of spatial sub-stocks of black sea bass. Specifically, evidence was
emerging that there is a southern sub-stock and a northern sub-stock of black
sea bass, with incomplete mixing between the two. This complicates the
model’s ability to calculate fishing mortality. Therefore, the ASAP model was
rejected, and black sea bass continued without an approved stock assessment.
In the absence of an approved stock assessment, the Mid-Atlantic Council
applied a “constant catch limit.” This meant that they picked a representative
year in the recent past and kept the catch limit the same as that year. “And
that’s why as the biomass in our area is rebuilding, we were stuck with this
stagnant quota year after year,” McNamee explained.
Because catch limits were low relative to the species’ abundance, the Rhode
Island black sea bass fishery began to exceed its limits. In other words, the fishery
experienced overharvest. This was particularly hard to control in recreational
fisheries, where no matter what DEM did, they could not prevent recreational
fishermen from exceeding their limit. This was not due to carelessness on
fishermen’s part; the biomass was simply too large relative to the limit imposed
on them.
DEM scientists began working very hard to resolve the problems with the black
sea bass stock assessment, in the hopes that a more accurate model could be
developed and approved by the Mid-Atlantic Council. In 2013, McNamee and
other scientists on the ASMFC Technical Committee presented some new data
to the Mid-Atlantic SSC and asked them to increase the catch limit. Ditching the
age-based model and instead presenting indices from along the coast, from
Virginia up to Massachusetts, the Technical Committee showed that all of these
indices had a very similar signal – an increased biomass trajectory.
The new data also showed a huge spike in the young of the year spawned in
2011. McNamee explained: “That first overwintering period, particularly for us up
here, is critically important. It’s what they call a demographic bottleneck. If they
don’t survive that first winter and show up as Year One’s, then they aren’t
considered recruitment. So we wait for that Year One age class. What
happened in 2012, as you remember, was a really warm winter, in particular on
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the bottom of the ocean. So the young of the year that were produced in 2011
lived through that winter and survived into 2012. That’s the year class that we’re
fishing on right now – that 2011 year class.”
2013 Data Update: Number of fish per tow by year across all surveys
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As a result of this data update, the Mid-Atlantic Council increased the catch
limit by one million pounds. This wasn’t a lot in the scheme of things, McNamee
said, but it was a step in the right direction. Still, the Mid-Atlantic SSC had some
criticisms of the new approach: since it didn’t separate the stock by age, it did
not contain good information on the older fish – the ones that form the bulk of
the fishery. In other words, although the data update’s index-based approach
resulted in a small increase in catch, it represented a step backwards in terms of
the evolution of the model.
McNamee and his fellow scientists at DEM were determined to fix the data
problem. “We were seeing how bad this situation was for you all, but also for
your belief in any of the fisheries science and management,” he said. “It was so
damaging.” Knowing that the fishery was slated for a benchmark assessment in
2016, the group started looking at “data-limited” assessment approaches.
Despite the fact that black sea bass are not data-limited - there are plenty of
data available; the problem actually lies the model used to interpret the data –
the group experiment with using a Data Limited Toolkit developed by scientists
on the West Coast as a way around the problems that had plagued previous
assessments.
The Data Limited Toolkit uses a number of different estimation methods
simultaneously to generate a spectrum of possible interpretations of stock

64

trajectories. Use of this toolkit was a major breakthrough. The Mid-Atlantic SSC
took all of the different bell curves generated by the various models, and
averaged them. The SSC approved this method for management use. As a
result, the 2014 catch quota increased by 1.5 million lbs. over the previous year.
Nonetheless, the Technical Committee was committed to producing a model
that could offer greater certainty than the Data Limited Toolkit. In the 2016
benchmark assessment, they again attempted a full age-structured assessment
model. But this time, they built in spatial considerations by dividing the stock into
two units: Hudson Canyon – North and Hudson Canyon – South. The scientists
also collected evidence to show that black sea bass’ protogynous
hermaphrodite life history was not as significant in determining the stock’s
response to fishing pressure as it was previously thought to be. Lastly, they did
some comparison tests with ventless pots to see how well the trawl-based survey
captured black sea bass abundance. These tests affirmed that trawls were a
valid method for surveys of this species. The assessment was accepted by both
the peer review committee and the Mid-Atlantic SSC, and catch quotas are
slated to double in 2017 as a result. However, the model still has some
imperfections. The biggest of these is the need to better characterize discards in
the commercial fishery.
Next, participants heard from Thomas Heimann of the Commercial Fisheries
Research Foundation, who described a collaborative research project designed
to help achieve the goal of characterizing discards. Modeled after the CFRF’s
Lobster and Jonah Crab Research Fleet, the Black Sea Bass Research Fleet
works with fishermen to collect at-sea sampling data on sea bass through the
use of On-Deck Data app on mobile tablets.
Developing a project methodology was initially challenging, Heimann said.
“Pretty much every single fishery that we have here in RI interacts with black sea
bass at some point throughout the year. So we needed some way of collecting
information from all of those fisheries that is standardized for the stock
assessment.” The project now includes eight captains representing almost every
gear type in Rhode Island.
Participating captains are responsible for several tasks. At sea, the boats sample
three times per month, 50 fish each time. Using their tablet app, they log length
and sex of discards. If the season is open, this includes the catch they are not
keeping because it’s over their daily limit or its undersized. And if the season’s
closed, they can sample any black sea bass they catch. All boats have
collectors’ permits (in state waters) or exempted fishing permits (in federal
waters) to collect samples out of season and in federal waters so they can
sample out of season. Participating fishermen conduct at least three sampling
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sessions each month. In addition, fishermen record their catch per unit effort
while fishing. This includes all fish, not just discarded fish.
The fleet also collects 100 fish per month that would have otherwise been
discarded, and delivers them to DEM for analysis. At DEM, the fish undergo a
stomach content analysis, collection of gonads to determine sex, and collection
of otoliths, which are incorporated into a growth and aging dataset maintained
by the Virginia Institute for Marine Sciences.
The project will produce three end products:
• a spatio-temporally expansive data characterization of the discarded
black sea bass catch, covering Narragansett Bay to all the way off
Hudson’s Canyon and collected in real time.
• An age and growth dataset produced using the extracted otoliths that
will give high-quality data about the fish found in southern New England in
winter.
• A greater understanding of where and when various Rhode Island fisheries
interact with black sea bass, gathered through the CPUE analysis.
After these two presentations, the workshop gave way to a large group
discussion about the challenges and urgencies of improving the management
of black sea bass as its distribution continues to change.
One participant expressed curiosity about the idea that the black sea bass
stock was expanding, not shifting. In other words, it is growing in both biomass
and area. This distinction could have repercussions for state-by-state quota
allocations: if the stock is shifting, then Rhode Island should clearly be assigned a
greater quota, but if it is expanding, what would that mean?
“Yes, it ‘s an expansion,” McNamee confirmed. “They still get them down south.
They’ve been very stable down south – not declining, not increasing. Which
means they’ve had decent recruitment events. The population is staying flat. So
the dynamics in the south are different. One of the ways this could change is
that they could end up assessing these substocks as two different management
units: a Northern and a Southern Unit. And then our allocation of whatever we
could take out of that Northern unit would be different.”
Since the Southern population seems to be flat, one participant wondered, are
fishermen and managers in Southern states advocating as hard as Rhode Island
fishermen and managers for better data and models? McNamee answered
that there is definitely more of an extreme contrast between available biomass
and allowable catch in New England than in the Mid-Atlantic states, and since
scientists on the Mid-Atlantic SSC are generally based in the Mid-Atlantic, they’re
probably not hearing how extreme the situation is as often as we are up here.
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Nevertheless, he said, they are top-notch scientists and they are working hard to
fix the problem.
“A big part of it was the Year 1 class [of 2011] that overwintered,” said another
participant. “We’re likely going to see increased wintertime temperatures, so the
chance of having big recruitment events is going to increase as the water gets
warmer. I thought it was just going to be a one-time thing, one big recruitment
event. But if we have warmer waters, it sounds like this could be a recurring
theme.”
“There’s a lot of variability in all of this,” McNamee cautioned.” So my comment
to that is that climate change is not necessarily unidirectional. It’s variable. We
could go into a phase that’s cooler at any time.” Winters since 2012 have not
been quite as warm as that one winter, and the model projects that the 2011
year class is being fished on and leaving the population. A cut is planned for
2018. However, McNamee noted, there will be update assessments coming
forward before then, and hopefully the catch limit will only go down a little bit.
Schumann commented that fishermen would very much like the speed of the
data-management process to be increased, not just for black sea bass but for
all species. She asked, “If we just opted to use data poor methods instead of fullblown stock assessments, as a matter of course, would that shrink the time gap
between delivery of the data and action by the management community? Are
there advantages to exploring that as an alternative to doing more and more
data and modeling?”
“Here’s what you should keep in mind,” McNamee answered. “With data-poor
methods, you can crank them out. The time step can be increased. But the
tradeoff is that data-poor approaches can be overly conservative. So you’re
going to forego some yield. And they can also be insensitive to quick shifts. What
I mean by that is that you could have a declining population, and it might take
you multiple years before you pick up that signal in your data-poor modeling
approach. So there are trade-offs there. So from my standpoint is that if you
have the information and the infrastructure to do the more rigorous analytical
approaches, you should. But there are some species where we should stop
doing that and switch to data-poor methods so that we can decrease the
workload. When we talk about stock assessments, we’re talking about a very
small pool of people. That’s a limited resource in and of itself. So if we can take
some pressure off that limited resource, that improves on flexibility and timeliness
of information.”
A fisherman in the audience remarked, “The project is called Resilient Fisheries
RI. And I think early on, we pinpointed that the resilience of the fisheries is going
to be dependent on the ability of the system to be more flexible. The
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management system. In your personal opinion, do you think that can happen?
Do you think the whole bureaucracy of the system can be adapted to be
flexible with the fishery?”
“That’s a great question,” McNamee answered. He continued: “I will answer in
this way: this particular species is extra difficult because you have a state, a
Commission, and a Council. You have three bureaucracies melded together. So
that’s what you’re dealing with. However, that being said, there’s a lot of
interest in not letting this happen again. Flexibility is definitely a theme that is
running through fisheries management in general. In particular with regard to
climate change, what has occurred here is not necessarily a shift in stock but an
expansion of a stock. And the reason why we see so many now is that the
recruitment dynamics to the north of Hudson Canyon are now successful in
multiple years in a row. And that is because the overwintering young of the year
can survive because the water is warmer. So black sea bass is a winner. And
that bears out in some of the work by Jon Hare, in some of the work that they
did on some of the stocks and their resilience to climate change. So there’s a lot
of information out there that we have to work with now, and my hope is that in
the coming years, they’re going to address this allocation issue in a systematic
way and hopefully not just as a one-time ‘OK, we’re just resetting’. Hopefully it
will be a system that is more dynamic. We have to think hard about that – what
does that mean for us? We’re in good times right now for black sea bass, there’s
a lot of biomass here, but that could change just like it changed with lobsters. So
we have to consider that.”
Moreover, he added: “What the Mid-Atlantic does is very different from what
New England Council does. New England Council species are not allocated out
to the states. And so that gives flexibility. You guys can land wherever. MidAtlantic went a different way and they allocated out to the states. State by
state allocation really – it gets really tough to crack that nut. Because you build
infrastructure based on the fact that you know you’re going to get a certain
chunk of that resource going into your state. Even if that boat from North
Carolina is up here off Rhode Island fishing, it still goes back to North Carolina,
because they have their quota that allows for a 30,000-pound possession limit or
whatever it is they have in the winter. So it’s a really difficult conundrum to
break. There are some things that are in the works now at the Commission. They
actually looked at this a few years ago. And it didn’t go anywhere particularly.
My hope is that this time, they can build something. This situation, along with
some other ones – fluke is another great example – really demonstrate the folly
of looking back at 1998, and assuming the world will be this way forever. It
doesn’t work well.”
In sum, participants and presenters agreed, black sea bass is “an extreme
example.” It’s “everything that could go wrong,” “a poster child for poor
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fisheries management;” it “shows all the chinks in the armor.” Acknowledging
that black sea bass is such a powerful example – and that this kind of example
could reoccur in the future - Schumann asked if the group could try to be more
specific about what it “is an example of”? What word or phrase could we use
to label this category of species, and what makes this category so uniquely
frustrating? Participants named several dimensions:
• The combination of high economic values and high discard rates
• The fact that we’re wasting it – creating a high mortality rate by not being
allowed to harvest it
• The fact that it is a predator on other valuable managed species,
especially lobster, which we’re trying so hard to rebuild
• The fact that we have no say over its management because it is
managed by the Mid-Atlantic Council, and the states with a vote on that
council aren’t as anxious as we are to fix the problem
Participants proposed the phrases “transition species”, “newly relevant species,”
and “bloom species” to describe this category of species.
Finally, Schumann asked McNamee for his honest opinion as a fisheries
manager: How can the industry influence the system for the better? His answer
was: “I think you all have done a lot. I’m doing a call tomorrow with Senator
Whitehouse to talk about black sea bass. And that’s because you all have
talked with him through his staffers. So I think you have done a lot. I think the way
I’ve seen our industry progress is that the communication has improved. I’ve not
been around that long, but even since I’ve been around, I’ve seen it change
and I’ve seen people become more open to it. I think you’re doing all the right
things now. One thing I’ll offer is that one thing that gets confusing to folks like
myself is when there are competing interests. When I see the industry being the
strongest is when you’re a little more coordinated on your messaging. And this
project is a great way of doing just that.”
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“I often hear fishermen say that they would like to be more
diversified. But there are many constraints to that, and those
constraints have become stronger over time… The
importance of diversification may increase now, as we’re
heading into a time with climate change and shifting
distributions of fish and potentially changing productivities of
fish.”
- Dan Holland, guest presenter
According to many of the fishermen interviewed in Phase I of the Resilient
Fisheries RI project, the ability to be diverse in their fishing operations is a key
ingredient in fisheries resilience. However, this ability has been steadily eroded
over the last few decades, as licensing and quota programs, export market
orientation, and costs of doing business have created conditions that
incentivize specialization. In this workshop, fishermen heard from three
researchers who have looked at the issue of diversity and specialization from
an academic perspective: Dan Holland (Northwest Fisheries Science Center),
Josh Stoll (University of Maine and Royal Swedish Academy of Sciences), and
Geret dePiper (Northeast Fisheries Science Center). Then the group
brainstormed about how these trends are playing out in Rhode Island, and
how we can think about them in the context of a changing environment.

The first presentation was offered by Dan Holland. A graduate of the URI
Environmental and Natural Resources Economic, Dr. Holland now works at the
Northwest Fisheries Science Center. His presentation was called “Fishery
Diversification along the U.S. Pacific Coast.”
“As I’m sure all the fishermen in the room know, fishing is a risky business,” he
began. “I don’t mean just in terms of safety, but in terms of the financial risk. The

70

income from year to year can vary pretty substantially because of catch rates –
what fish is actually available – but also the prices that people are getting, and
the prices of the inputs – fuel and other inputs. That can create a lot of financial
risk. And diversification is one way, one strategy, that can help reduce that risk.
In particular, I’m talking about reducing the variation in income from year to
year.”

Gross revenues ($1000s)

Dr. Holland brought the subject to life by presenting a graph showing the
spectrum of gross revenues earned at several different diversification levels
among West Coast and Alaska permit holders. It illustrated four portfolio
strategies ranging from permit holders participating in a single fishery to permit
holders with a 50-25-25 split in effort over three fisheries. As the graph below
shows, the lower the diversity, the more variable permit holders’ gross revenue is.
The greater the diversity, the less variable permit holders’ gross revenue is.
Unfortunately, Dr. Holland said, fishermen’s ability to reduce variability in their
incomes by diversifying into new fisheries has become progressively more
constrained in recent years as a consequence of limited entry and
consolidation within fisheries. Catch share programs may further reduce the
ability to be diverse. Nonetheless, as climate change and ocean acidification
continue affect the stability of ecosystems, the importance of diversification for
maintaining economic stability is increasing.

Single
Fishery

90-10
Split

50-50
Split

50-25-25
Split

To examine these patterns in a real setting, Dr. Holland showed some results of a
study in the West Coast and Alaska that used an Effective Shannon Index to
measure diversity. The Effective Shannon Index is similar to the Shannon Weiner
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Index that is used to measure the biodiversity of species in an ecosystem. A
higher score represents greater diversity. The index increases as either the
number of fisheries or the evenness of revenue across fisheries increases.
To calculate Effective Shannon Index, Dr. Holland and his collaborators had to
first define a “species”. In ecology, this is straightforward: a species would be
“lobster” or “eelgrass” or “sea robin.” But in economics, “species” must be
defined using the researchers’ knowledge of the variety of types of activity
taking place - in this case, fisheries. The table below lists the 17 “fisheries” on the
West Coast and 23 “fisheries” in Alaska that the researchers saw as being distinct
enough to represent different opportunities in a diversified fishing portfolio.

•
•

•
•
•

West Coast
Pacific whiting • California
Dover sole,
halibut and
Thornyheads, &
Croaker
Sablefish
• Salmon
Rockfish and
• Tuna
Flatfish
• Herring
Skate, Dogfish, • Coastal
& Sharks
pelagics
Pacific halibut • Echinoderms
• Other shellfish
• Squid
• Other species

•
•
•
•
•
•
•
•
•
•
•
•

Alaska
Pacific cod
•
Flatifsh
•
Rockfish
•
Atka mackerel
•
Pollock
•
Other
groundfish
•
Chinook salmon •
Sockeye salmon
Coho salmon
•
Pink salmon
•
Chum salmon
•
Other salmon
•

Sablefish
Pacific halibut
Herring
Red king crab
Other king
crab
Opilio crab
Other snow
crab
Other crab
Scallops
Other shellfish
Other species

The graph below is based on over 30,000 vessels from the West Coast and
Alaska, fishing from between 1981 and 2014. Each line represents the Effective
Shannon Index of diversity for a different subset of the fishing fleet. The lower
black line is the entire fleet, minus those making less than $5,000 (who are
considered to be occasional fishermen and were not included in the analysis).
The grey middle line is the segment of the fleet that was fishing in 2015. The
dashed upper line represents vessels that participated in fisheries for the entire
time period of 1981 to 2015.
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Average Effective Shannon Index

Effective Shannon Index: West Coast and Alaska vessels earning >$5,000

Dr. Holland drew two conclusions from this graph. First, all subsets of the fleet are
decreasing in their diversity. However, businesses that have been fishing longer
are more diversified than newer businesses, probably because they had permits
before permits were split into different fisheries and became subject to limited
entry and catch shares. Newer businesses, in contrast, have had to buy multiple
permits to become diverse, which can be cost-prohibitive.
He then went on to contemplate why these patterns exist, by reviewing the
history of licensing on the West Coast and Alaska. Salmon license limitations
came into place in the 1970s. For all other fish (crabs and groundfish), limited
licensing began in the 1990s. In 2011, catch shares were implemented for
whiting and groundfish. As these changes went into place, the ability to switch
fisheries and participate in multiple fisheries became progressively more
constrained.
Then Dr. Holland presented some recent results from a national-level comparison
of the diversification and year-to-year variability in income of fishing vessels
before and after the implementation of catch shares in different fisheries. The
results, he said, are fairly striking. In the vast majority of cases, there was a
decrease in the average diversification of a fleet after a catch share program
was put into place. In some cases, this was the continuation of a pre-existing
trend that was already occurring before the catch share program was
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implemented. But interestingly, the findings did not show a decrease in year-toyear variability in income. Some fleets’ year-to-year variability went up, others’
went down, and for some there was no change. So it’s not completely clear,
but it’s possible that while catch shares reduce diversity, they also stabilize
income through other means (such as increased efficiency or ability to plan
around market opportunities) for people who remain in the fisheries. These
benefits may possibly counterbalance some the risk associated with being less
diversified, Dr. Holland said.
Participants found the presentation intriguing. Several inquired how the
concentration of the fleet had changed after implementation of catch share
programs on the West Coast and Alaska. Dr. Holland said that the answer to
that question varies by fishery. If you look only at salmon fisheries or crab
fisheries, the total number of participating fisheries has decreased, but not as
strikingly as in groundfish, where the trawl fleet shrank from 2,000 to 80 vessels
over the time series - initially due to a buyback program and more recently due
to implementation of catch shares. Participants wondered: is there a correlation
between concentration and diversification, where larger vessels with bigger
quotas are also more diverse, and small vessels are less diverse? Dr. Holland’s
answer was that more successful vessels are more diversified. For example, those
that are involved in the crab fishery, and maybe some other fishery like
groundfish or shrimp or albacore tuna, or some combination, tend to do well.
There is definitely a correlation between the level of diversification and the level
of gross revenue, and probably income, he concluded.
Jason McNamee, Chief of Marine Resources at the Rhode Island Department of
Management (DEM), was present in the audience. McNamee mentioned that
DEM is “thinking about this in light of our licensing system here in the state. We
were tending towards specialization, through specific endorsements. The idea
now is to do an about-face and head back in the other direction, to allow for
some diversification, some flexibility.” But he shared one worry: “The reason that
limited entry has happened in many fisheries is that the resource was shown to
be impaired and needed rebuilding. There’s a fear that if you have too much
flexibility, people will flood into the next best resource. If one is now impaired,
they’re just going to jump over to the next one. Is that an unfounded fear? Is
there any information out there that backs up this notion that if you have a
problem in a resource, you have to lock it down because a bunch of fishermen
are going to jump into this fishery?”
Dr. Holland agreed that this fear exists among fishery managers, and that many
limited entry and catch share programs were put in place to control effort,
avoid the serial depletion that occurs with jumping from one fishery to the next,
and increase the economic viability of the fishery. They were all put into place
for good reasons, he said. “But I don’t think a whole lot of thought was given to
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the importance of allowing people to remain diversified. The question is: is there
some better way of going about it?”
Next, the group heard from Josh Stoll, who recently completed a PhD in Ecology
and Environmental Sciences at the University of Maine and is now working on a
postdoc at the Royal Swedish Academy of Sciences focused on the global
distribution of lobster. Dr. Stoll spoke about a recent paper that he published
with his colleagues at the University of Maine called “How access to Maine’s
fisheries has changed over a quarter century: The cumulative effects of licensing
on resilience.6”
Dr. Stoll’s research tracked the issuance of state fisheries licenses over the last 25
years and showed that a splintering effect has taken place during that time.
“The basic premise is: if the number of licenses has increased over time, it’s not
necessarily because there’s a whole new set of fisheries that have emerged, but
rather because we’ve gone from a system where we had multispecies licenses
to increasingly specialized licenses that are single-species. [For example], you
had one license that gave you access to elvers, urchins, mussels, and crabs.
And today, in order to fish for that same suite of fisheries, you’d need to hold
four licenses.”
To understand why this splintering occurred over time, Dr. Stoll and his
collaborators skimmed through the legislative records of the conversations that
took place when these licenses were being created. The takeaway, he said, is
that creation of new licenses was ultimately about the state legislature trying to
solve specific problems in specific fisheries at specific moments in time. For
example, the lobster apprentice and student licenses were added to the state
list to allow young people to enter into the lobster fishery. Similarly, the elver
license was created to generate revenue for scientific study and law
enforcement that were necessary to manage this fishery. “At the end of the
day,” Dr. Stoll said, “it was about solving particular problems in particular
fisheries.”
However, zooming out and looking at the big picture highlights the pervasive
reduction in diversity that has resulted from this evolution. The image on the next
page shows the splintering of state licenses that has taken place from the mid1970s to 2014 for the most economically valuable licenses.

Stoll, J, CM Beitl, and J Wilson. 206 How access to Maine’s fisheries has
changed over a quarter century: The cumulative effects of licensing on
resilience. Global Environmental Change. DOI: 10.1016/j.gloenvcha.2016.01.005
6
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Then the researchers looked
at the impact that this
splintering of licenses has on
fishermen’s access
portfolios, defined as the
number of fisheries an
individual has access to. The
graph below shows a
twofold decrease in the
average fisherman’s access
portfolio over the last 25
years. In conclusion, Dr. Stoll
said, “Fishermen’s portfolios
are lower than they have
been in the last 25 years,
and potentially in the history
of Maine’s commercial
fishing.”
This trend could have several important implications for the socio-ecological
resilience of fisheries, Dr. Stoll surmised. The first, as Dr. Holland mentioned, is that
lowered diversity can lead to heightened economic risk. Second, Dr. Stoll
suggested, low diversity due to diminished access portfolios can lead to an
erosion of ecological knowledge. Dr. Stoll explained what can happen when a
situation in which “fishermen were historically interacting with different fisheries
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and different places and different parts of the ecosystem and different parts of
the year” is replaced by “a system where fishermen are increasingly
specialized”: “If you think about fishermen’s knowledge as a function of the
amount of time they spend on the water and the type of interactions they have
while fishing, this idea of specialization raises questions about what it means for
fishermen’s knowledge. And in a place like Maine, local ecological knowledge
has historically played a really critical role in informing fisheries management,
the thought of fishermen specializing, and the thought that this may change
people’s production of ecological knowledge potentially raises a red flag.”
A third implication, which has been borne out informally through conversations
with fisheries managers, said Dr. Stoll, is that specialization can lead to greater
frequency of “avoidance entrepreneurship” – a fancy word for rule-breaking:
“As fishermen become more constrained in their ability to interact with the
marine environment and earn a livelihood, they become more adept at
breaking the rules and finding ways of sidestepping rules that exist.”
In sum, Dr. Stoll concluded, the splintering of Maine’s licenses, and the
consequent specialization of fishermen’s access portfolios, are the result of
decisions that solved particular problems but detracted from the overall
resilience of the system. No one has really thought about how to address that
problem.
Schumann asked Dr. Stoll to discuss another concept that he has written about
recently: the notion of “market diversity”.7 Dr. Stoll summarized it in this way: “If
we’re thinking about diversification with the end goal of creating resilient
coastal communities, we should maybe also think about diversification of
marketplace. And there are a number of cases in the last couple of years where
there has been some sort of economic impact that occurred and an entire
fishery basically crumbled because we had all our eggs in one basket, and we
were relying on one market. So when it comes to diversification, fleet
diversification is one way to go, access portfolios is really important, but we
should also be thinking about market diversification as well.”
Participants in the room were familiar with this pattern. In Rhode Island, resources
like scup and butterfish experienced loss of export markets after temporary
downturns in the resource made it impossible to fill market orders. Although
these species have since recovered, the fisheries remain trapped by a limited
array of market opportunities.
Stoll, J. et al. 2015. Expanding the 'geography' of resilience in fisheries by
bringing focus to seafood distribution systems. Ocean and Coastal
Management. doi.10.1016/j.ocecoaman.2015.07.019
7
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Next, the group heard from Geret dePiper, whose presentation was called
“Fleet Diversity and Diversification.” Dr. dePiper works at the Northeast Fisheries
Science Center. Through this work, he has been involved in both the New
England Fisheries Management Council’s Habitat and Ecosystem-Based Fisheries
Management plan development team and the Mid-Atlantic Fisheries
Management Council’s Ecosystem Approach to Fisheries Management team.
Dr. DePiper presented findings from a paper called “A Framework for
Incorporating Species, Fleet, Habitat, and Climate Interactions into Fishery
Management.8” That paper asked questions about two types of specialization.
The first question was at the permit level: are fishermen ‘stovepiped’ by
species/fisheries? The second was at the fleet level: are fleets diversified in terms
of the gears and the vessel types that are being employed to fish?
Like Dr. Holland’s analysis, Dr. dePiper’s analysis relied on an Effective Shannon
Index to measure diversity. The permit-level analysis defined different fisheries
based on the following species groupings:
•
•
•
•
•
•
•
•
•

Highly migratory
species
Monkfish
Scallops
Shrimp
Skate
Herring
Ocean quahog
Tilefish
Fluke & Black sea bass

• Butterfish & Silver Hake
• Bluefish and Scup
• Spiny Dogfish
• Illex squid
• Inshore Loligo squid
• Lobster
• Menhaden
• Offshore Hake
• Sand Dab

• Ocean Pout
• Wolffish
• Yellowtail Flounder
• Winter flounder
• Unknown hake
• White hake
• Halibut
• New England
groundfish
• Mid-Atlantic groundfish

The fleet-level analysis defined different vessel types based on the following
groupings:
Length categories
• Under 30’
• 30-50’
• 50’-75’
• 75’ and over

•
•
•
•
•

Gear categories
Bottom trawl
• Gillnet
Scallop dredge
• Hand gear
Clam dredge
• Longline
Other dredge
• Midwater Trawl
Purse seine
• Other

Gaichas, SK. et al. 2016. A Framework for Incorporating Species, Fleet, Habitat,
and Climate Interactions into Fishery Management. Frontiers in Marine Science.
https://doi.org/10.3389/fmars.2016.00105
8
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The results of both the permit-level and the fleet-level analyses are presented on
page 80. The first two graphs show diversity at the permit level for the MidAtlantic and New England, respectively, over time. Diversity in the Mid-Atlantic
changed markedly between 1999 and 2000. A low point occurred in 2008; since
then, a small rise has taken place. Diversity in New England followed a similar
pattern, but the contraction in diversity that took place in recent years especially at the lower tail of the distribution - was more severe.
A second pair of graphs on page 81 show diversity at the fleet level in the MidAtlantic and New England, respectively, over time. Fleet diversity decreased in
the Mid-Atlantic until around 2011, but has gradually come back up since then.
Fleet diversity has had more of a continuous downward trend in New England,
while the Mid-Atlantic has experienced recent uptick.
Members of the audience asked Dr. dePiper how much fleet concentration
occurred in the two regions during the years he looked at. He answered that the
New England fleet shrunk from about 1,900 vessels to about 1,000; only about
56% of the permits are still active. The Mid-Atlantic fleet shrunk from about 1700
to 1,150 vessels; about 68% of permits are still active in the fishery. In other words,
he said, there has been a substantial contraction across time.
Participants expressed a great deal of worry and frustration over the
simultaneous and related trends of fleet concentration, barriers to entry for
young fishermen, and the lack of opportunities to be diversified.
“What happens when you’re running out of species to diversify to?” asked one
participant rhetorically. “Regulations change so rapidly,” he added: diversifying
by investing in additional permits is itself a risk, due to the variability and lack of
predictability in regulations. He described his family’s career pattern, which was
characterized by serially entering and then being shut of various fisheries due to
implementation of history-based access programs. “So you put all your eggs in
one basket and rely heavily on something, and then all of a sudden you get
hamstrung by it.” The management measures that limit fishermen’s ability to
diversity are the same measures that limit young fishermen’s ability to graduate
from deckhand to owner-operator and have a successful long-term career in
fishing, some participants said, harkening back to Workshop #5.
Schumann commented that these observations echoed one of Dr. Stoll’s
conclusions: that licensing decisions are often put into place to solve particular
problems, but can end up reducing the resilience of the whole system.
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Another participant added, “What I’ve seen is that typically fisheries
management is more of a kneejerk thing, it’s damage control. Rather than
proactive planning. And then they don’t retroactively go back and change it so
you can participate [when a fishery bounces back]… They make a control
date, they watch everything play out, and then they never look back to see if
we could change that control date two years or three years later. Like can we
open it up to a few more vessels without blowing it open?... It’s not a blame
game. It’s like: How do we solve the problems that we all have? There’s got to
be a better way of managing than a kneejerk ‘Throw down a new control
date,’ ‘Throw down a new license,’ ‘Throw down a new endorsement,’ but then
not revisit it.”
Schumann added that the word “crisis management” came up frequently
during the Phase I interviews of the Resilient Fisheries RI project. “And rarely do
we actually stand back and look at the big picture, and ask: What are we
actually aiming for? What do we want this fishery system to look like? What are
the objectives that we’re trying to reach? Because certainly as a fisherman you
have your objectives, and other people, other actors, have their objectives, and
there doesn’t seem to be a consensus building process, public planning process
around what societal goals do we want our fisheries to achieve. It seems like
that could be a useful conversation to have.”
Another participant highlighted what he sees as a major reason this pattern
exists: self-interest and greed. “Three quarters of the time, it comes from within
industry,” he generalized. “Somebody wants to make a fishery that’s got internal
value. So if you’re thinking about what are our societal goals, well most of the
time, there’s someone within that who’s trying to make a value fishery.” He
mentioned several examples: Southern New England lobster, Jonah crab, surf
clam, scallops, and herring. “Somebody proposed a fishery management
regime so that it will become a value fishery for certain people.”
The group asked Dr. Holland and Dr. dePiper for their reflections on this possible
trade-off: is it true that limited entry and catch shares can increase stability and
value for some of those fishery participants who remain in the fishery, while
decreasing opportunities for new fishermen to get in and for existing fishermen
to diversify?
Dr. Holland said that permit values increase, sometimes very rapidly, when
limited entry and catch share programs are put into place. While this is
beneficial for some, it can definitely have downsides for others. However, he
added, “I think that there are ways to avoid that. If people want to, they can
say that your quota privilege is only good for a certain number of years and
then it will be given out to someone else, or maybe a fifth of your quota will
disappear each year and be auctioned off or something like that. That would
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reduce the value of that permit. But generally the people that are getting
granted this quota, when the system is created, don’t want that; they want to
long-term privilege.”
Dr. dePiper added, “There are examples of holding back say ten percent of the
quota in each given year, and either auctioning it off or giving it out to assure
that there’s an ability of individuals to move into different fisheries. There’s also in
the Gulf of Maine, there’s the ability to some extent to trade quota across
species. So there are different ways to address the issue of stovepiping and the
ability to enter the fishery.”
It’s complicated, the fisherman responded. One said: “The problem with these
systems is that when you institute these systems, they naturally acquire a value of
their own. They take on a life of their own. The entire world of that fishery is
completely modified and changed. When real money is spent and real loans
are taken out and real lives are involved, it gets very messy real fast.”
Schumann said this theme has come up in some of her conversations with
people in other states. They immediately say, “‘Well, diversity sounds great but
how do you tell that to the New Bedford scallop fleet or other fisheries where
people have invested a lot of money in being specialized, and are reaping the
benefits of specialization?’” Schumann posed several thought questions: Does
this mean it’s too late? Has the train has left the station, or are there ways to
tweak around the edges to build resilience at the individual level? Is the onus
entirely on the individual to keep buying more permits? How do you open a
fishery to more people once it’s been limited? Are there cases we can look at
where that has been done?
A fisherman in the audience answered, “I went through that. And the words
from the managers was ‘We have all the mechanisms to restrict and to cut. We
have no mechanisms to give back.’” This gave rise to a lengthy discussion
between fishermen, presenters, and lawyer Read Porter from Roger Williams
University Law School, who was in the audience. The central question was: is
there something that prevents fisheries managers from “giving back” when a
species increases by expanding the range of participants able to harvest it?
And if so, it is a legal/policy barrier, or more of a habitual way of doing things?
Or is it simply that few opportunities like this have arisen until now? Climate
change may create interesting opportunities – such as with the black sea bass
resource – to explore avenues for change on this front.
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The workshops in the Resilient Fisheries RI winter workshop series had several
purposes:
• To learn from each other and take away new knowledge
• To generate new ideas and solutions through conversation between
diverse individuals
• To identify crosscutting themes and rules of thumb about climate change
and fisheries
• To identify consensus points that the industry can agree to coordinate
around
This section lists a number of new ideas, crosscutting themes, and possible
consensus points that emerged from comments by fisheries stakeholders during
the workshops. Themes are considered crosscutting when they came up in more
than one workshop or more than one context.
Climate change and variability: Two things happening at once.
Climate change is a long-term upward trend in temperature. Climate variability
is a cyclical rise and fall in temperature that takes place at various scales, from
seasonal to interannual to multi-decadal. Both patterns are happening at once
and will continue to happen. In the near-term future, temperatures could go up,
could go down, or could stay the same. Therefore we must plan for any
eventuality when designing adaptive, resilient systems. [Workshop #1, p. 9,
Workshop #4, p. 24]
Adaptation means making human systems responsive to natural change.
There’s not much we can do at the state level to reverse climate change, but
there are plenty of things we can do to make our human system more resilient to
it. The task before us is to design flexible, responsive human systems that can
thrive in any number of different trajectories that the natural world may take.
Human systems include fisheries science, fisheries management, seafood
markets, and more [Workshop #1, p. 9; Workshop #2&3, p.14; Workshop #4, p.
25-26, Workshop #9, p.67]
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A changing climate can bring opportunities, not just challenges.
Changes in the ecosystem are often presented as negative, but in reality,
climate change and variability create both “winners” and “losers” among the
species in our regional ecosystems. Our objective as a fishing industry should be
to advocate for fisheries management and marketing systems that position us to
take advantage of those new opportunities, not just to buffer the system against
new challenges. [Workshop #1, p. 10; Workshop #9, p. 67]
Align state-by-state catch allocations to present-day biomass distribution.
The Mid-Atlantic Fishery Management Council allocates catch quotas to the
individual states using a static, history-based formula. The distribution of these
allocations is out of synch with the current distribution of some fishery resources,
such as black sea bass and fluke. Available biomass and allowable catches
need to be matched – not just though a one-time reallocation, but through a
dynamic access system that allows fishermen to catch fish where they are
located presently [Workshop #1, p.11; Workshop #10, p. 66-67]
Align management authority with present-day biomass distribution.
Rhode Island lands a large volume of species managed by the Mid-Atlantic
Fishery Management Council. In fact, for some species (such as squid), Rhode
Island lands more by volume than any Mid-Atlantic state. And yet, Rhode Island
doesn’t have a voting seat on the Mid-Atlantic Council. Addressing this
jurisdictional mismatch now, and developing criteria to guide future decisions of
this type, is a critical adaptation to climate change and variability. [Workshop
#1, p. 11; Workshop 9, p. 69]
Diversity is the key to resilience.
Just as biodiversity buffers ecosystems against stress and perturbation, diversity is
a critical factor in a human community’s ability to withstand shocks, thrive in
adverse conditions, and reshape itself to new realities. In fisheries, diversity can
be considered at the individual level (i.e., access to a diverse range of target
species) as well as the community level (i.e., fleet diversity). Diversity should
become an objective of all fisheries management decisions, if we want to
maximize resilience in fisheries. [Workshop 7, p. 50; Workshop #10]
When fish populations grow, share the bounty.
When a commercial fish stock expands, we should consider sharing the bounty
with fishermen who have not previously had access to it. This can provide
opportunities for young fishermen to enter the industry and for existing fishermen
to diversify their portfolios. [Workshop #5; Workshop #10, p. 82-83.]
Manage at the ecosystem level and consider all drivers.
Fisheries need to shift from the conceptually incomplete single-species model
that we now use to manage fisheries towards an ecosystem-based model that
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incorporates many drivers: climate change and variability, habitat quality,
predator-prey relationships, and more. [Workshop #1]
Address cumulative impacts and protect habitat.
Part of moving towards ecosystem-based fisheries management is
understanding and addressing the effects of climate change and variability
alongside various other forms of habitat stress resulting from human activities. An
ecosystem approach can reduce stress on ecosystems by addressing those
habitat stressors that are within our control. Habitat protection and restoration
represents an adaptive action, buffering ecosystems against the impacts of
climate change and building ecological resilience. [Workshop #1, p. 12;
Workshops #2-3, p. 22; Workshop #4, p. 23-24, p. 27; Workshop #7, p. 47]
We need comprehensive research on Narragansett Bay ecosystem change.
Many fishermen are observing rapid change in the Narragansett Bay
ecosystem. These changes, which are not matched in coastal waters outside
the Bay, may be due in part to climate change, but fishermen have repeatedly
underlined a need to dig deeper for explanations. Narragansett Bay fishermen
are actively seeking partnerships with scientists to gain a better understanding of
the impacts of wastewater treatment and management actions such as the
50% reduction in nitrogen loading that has taken place in Narragansett Bay over
the last decade. [Workshop #2- 3, p. 21-22; Workshop #4; Workshop #6, p. 46]
Enhance scientific knowledge at finer scales.
Fisheries science and management typically take place at the regional level.
But population dynamics for many species are not uniform across this scale. As
environments become increasingly variable, fine-scale patterns of distribution in
time and space may become even more complex. Attaining a better
understanding of these dynamics can help assist in the transition to ecosystembased fisheries management, avoid gear conflicts, maximize the effectiveness
of rebuilding plans, and help fishermen with business planning. These benefits
apply to research on target fish stocks as well as other organisms, such as
seaweeds [Workshop #6, p. 45-46; Workshop #8, p. 57]
Enhance predictive capabilities.
One way of coping with high environmental variability is to develop better ways
of predicting the near-term future. The squid fishery is an example of a highly
variable fishery in both space and time. Learning how to predict squid
abundance and distribution from environmental variables would make the
management of this species more successful and would help fishermen “fish
smarter, not harder.” [Workshop #8, p. 59]
Accelerate the pace of the fisheries scienceàmanagement process.
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Fisheries management requires scientists and managers to process, interpret,
and approve data before taking management actions based on it. The amount
of time that these steps take to complete sometimes decreases the efficacy of
the fisheries management process. Fishermen have long felt that using “old
data” does a disservice to both the industry and the ecosystem it relies on. Now,
with climate change increasing the rate of change in marine ecosystems, it is
more important than ever to address this time lag by prioritizing “real-time”
science and management [Workshop #8, p. 60; Workshop #9, p. 67]
Support maintenance of local ecological knowledge.
As ecosystems and human systems come under increasing pressure and flux, it is
easy for the fishing industry to experience erosion of one of its biggest assets:
local ecological knowledge. Low levels of participation by young people,
limited opportunities to diversify to new species and build ecological knowledge
around them, and the fast pace of change in ecosystems themselves make
local ecological knowledge harder to maintain. Yet maintaining it is more
important than ever, for it is an adaptive tool that can help both fishermen and
fisheries management adapt faster to changing environments. [Workshop #5;
Workshop #7, p.50; Workshop #10, p. 77]
Improve coordination among fishing industry members to speak with a unified
voice.
The fishing industry’s ability to advocate for its own resilience is hampered by the
lack of effective organization and communication within the industry. A first step
to support resilience of any sort – environmental, economic, demographic, or
other – is to enhance the social capital of the industry through greater
communication and coordination, and to explore mechanisms that would
enable industry members to achieve greater cohesion in their advocacy efforts.
[Workshop #7, p.50-51; Workshop 9, p. 69]
Improve marketing diversity and innovation.
Just as diversity is linked to resilience at the catch and the fleet levels, it is also a
critical element of a successful markets orientation. Having a diverse set of
supply chain pathways available to fishermen and seafood dealers will help
them remain flexible and viable under an array of possible environmental
trajectories. For many fishermen, the ability to market catch directly to the
public (not allowed under current Department of Health regulations) is seen as a
much-needed pathway to resilience. [Workshop #7, p. 49, p. 51; Workshop #10,
p. 77]
Reduce barriers to entry and provide training and mentorship for young
fishermen.
The fishing industry’s ability to flex and adapt would be enhanced by a greater
representation of young, energetic participants with fresh ideas. But the present
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demographics of the industry are skewed towards older participants. To
facilitate entry of young people into fisheries, Rhode Island needs a multipronged approach that simultaneously focuses on removing barriers to entry
and providing young fishermen with the skills, mentoring, and financing that they
need to enter and succeed in fisheries. [Workshop #5; Workshop #7, p. 48;
Workshop #10, p. 82-83]
Improve the public perception of the fishing industry.
The public and seafood consumers have an important role to play in supporting
the fishing industry during these times of change. But instead of being an
informed and supportive ally, the public is confused by mixed messages about
fisheries that get in the way of productive mutual support. A concerted effort to
improve the social perception and understanding of fisheries can help build
local markets for local seafood, recruit young fishermen to the industry, and
forge policies that support working waterfronts. [Workshop # 7, p. 48-49, p. 51]
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