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(P. Lyons Gromen)
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The meeting will be held at The Westin Annapolis (100 Westgate Circle, Annapolis, Maryland;
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MEETING OVERVIEW

Shad and River Herring Management Board Meeting
October 23, 2024
11:30 a.m. —12:15 p.m.

Chair: Lynn Fegley (MD) Technical Committee Chair: Rf“;j:;?{:ﬁ:/:fﬁ CgoTTelgreee
Assumed Chairmanship: 2/23 Wes Eakin (NY) P Sal.oo T ¥
Vice Chair: Advisory Panel Chair: Previous Board Meeting:
Phil Edwards (RI) Pam Lyons Gromen August 7, 2024

Voting Members: ME, NH, MA, RI, CT, NY, NJ, PA, DE, MD, DC, PRFC, VA, NC, SC, GA, FL, NMFS,
USFWS (19 votes)

2. Board Consent

e Approval of Agenda
e Approval of Proceedings from August 2024

3. Public Comment — At the beginning of the meeting public comment will be taken on items not on the
agenda. Individuals that wish to speak at this time must sign-in at the beginning of the meeting. For agenda
items that have already gone out for public hearing and/or have had a public comment period that has
closed, the Board Chair may determine that additional public comment will not provide additional
information. In this circumstance the Chair will not allow additional public comment on an issue. For agenda
items that the public has not had a chance to provide input, the Board Chair may allow limited opportunity
for comment. The Board Chair has the discretion to limit the number of speakers and/or the length of each
comment.

4. Consider Updates to Shad and River Herring Sustainable Fishery Management Plans (11:45

a.m.-12:05 p.m.) Action

Background

e Amendments 2 and 3 to the Shad and River Herring FMP require all states and jurisdictions
that have a commercial fishery to submit a sustainable fishing management plan (SFMP) for
river herring and American shad, respectively. Plans are updated and reviewed by the
Technical Committee (TC) every five years.

e Massachusetts and Connecticut submitted updated SFMPs for American shad (Briefing
Materials).

e Maine and New Hampshire submitted updated SFMPs for river herring (Briefing Materials).

e New Hampshire also submitted a proposal to reopen the river herring fishery, which has been
closed since 2021 due to a failure to reach its fishery-independent sustainability metric in
2019 (Briefing Materials).

Presentations

e Shad and River Herring SFMP Updates for Board Consideration by W. Eakin
Board actions for consideration at this meeting
e Consider approval of updated SFMPs for Maine, New Hampshire, Massachusetts, and

Connecticut, as well as approval of New Hampshire’s proposal to reopen the river herring
fishery.

Vision: Sustainably Managing Atlantic Coastal Fisheries



5. Review Advisory Panel Report on 2024 River Herring Benchmark Assessment (12:05-12:15
p.m.)

Background

e The Advisory Panel met to review the 2024 River Herring Benchmark Assessment and provide
additional input for Board consideration (Supplemental Materials).

Presentations
e Advisory Panel Report by P. Lyons Gromen

6. Other Business/Adjourn

Vision: Sustainably Managing Atlantic Coastal Fisheries



Shad and River Herring 2024 TC Tasks
Activity level: Medium

Committee Overlap Score: Medium (Multi-species committees for this Board)

Committee Task List

e Updates to state Shad and River Herring SFMPs
e Annual state compliance reports due July 1

TC Members: Wes Eakin (Chair, NY), Matthew Jargowsky (Vice-Chair, MD), Mike Brown (ME),
Conor O’Donnell (NH), Brad Chase (MA), Patrick McGee (RI), Kevin Job (CT), Brian Neilan (NJ),
Brian Niewinski (PA), Johnny Moore (DE), Ingrid Braun-Ricks (PRFC), Joseph Swann (DC),
Patrick McGrath (VA), Holly White (NC), Jeremy McCargo (NC), Jim Page (GA), Reid Hyle (FL),
Ken Sprankle (MA), Ruth Hass-Castro (NOAA), John Ellis (USFWS). Ted Castro-Santos (USGS),
C. Michael Bailey (USFWS), Kyle Hoffman (SC), James Boyle (ASMFC), Katie Drew (ASMFC)




DRAFT PROCEEDINGS OF THE

ATLANTIC STATES MARINE FISHERIES COMMISSION

SHAD AND RIVER HERRING MANAGEMENT BOARD

The Westin Crystal City
Arlington, Virginia
Hybrid Meeting

August 6, 2024

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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INDEX OF MOTIONS
Approval of agenda by consent (Page 1).
Approval of Proceedings of October 16, 2023 by consent (Page 1).

Move to accept the 2024 River Herring Benchmark Stock Assessment and Peer Review Report for
management use. (Page 21) Motion by John Clark; second Cheri Patterson. Motion passes by unanimous
consent (Page 21).

Move to adjourn by consent (Page 22).
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The Shad and River Herring Management Board
of the Atlantic States Marine Fisheries
Commission convened in the Jefferson Ballroom
of the Westin Crystal City Hotel, Arlington,
Virginia, via hybrid meeting, in-person, and
webinar; Wednesday, August 7, 2024, and was
called to order at 4:15 p.m. by Chair Lynn
Fegley.

CALL TO ORDER

CHAIR LYNN FEGLEY: Welcome, everyone, to
the Shad and River Herring Board meeting. | am
Lynn Fegley, from the state of Maryland, and |
am happy to serve as your Chair today. | have
up with me, James Boyle, Dr. Katie Drew, Dr.
Margaret Conroy, and also Dr. Adrian Jordaan is
online, who is going to deliver our Peer Review.

| also want to point out that we have members
of the Council online, and we’re going to offer
them an opportunity to ask questions after the
Board discusses the Stock Assessment Report.
We’'re going to be looking for one action today
will require a motion, so please, be ready for
that. I'll start with Board Consent.

APPROVAL OF AGENDA

The first thing is Approval of the Agenda. Does
anybody have any changes or adjustments to
the agenda they would like to propose? Okay,
seeing none; is there any opposition to the
agenda as it stands? Okay, we consider the
agenda approved by consent.

APPROVAL OF PROCEEDINGS

CHAIR FEGLEY: The next one is approval of
proceedings from October, 2023.

| was told to note that there are some
inaccuracies, there are some people missing
from the attendance list. Staff is working on
correcting that. Is there any other changes or
edits needed to the October proceedings?
Okay, is there any opposition to the
proceedings? All right, we’ll consider that
approved by consent.

PUBLIC COMMENT

CHAIR FEGLEY: Next on the agenda is public
comment. Is there anybody in the room or online
who would like to make comment on things that are
not on the agenda? Okay, seeing no public
comment, we are going to roll right into our
agenda.

CONSIDER 2024 RIVER HERRING BENCHMARK
STOCK ASSESSMENT

CHAIR FEGLEY: The first thing we’re going to get is a
Presentation of the Stock Assessment Report, and
we’re going to have that from Dr. Drew and Dr.
Conroy, so take it away.

2024 RIVER HERRING BENCHMARK STOCK
ASSESSMENT

DR. MARGARET CONROY: | am going to be
presenting to you the 2024 River Herring
Benchmark Stock Assessment. This Stock
Assessment is a product of the ASMFC River Herring
SAS and the Shad and River Herring TC. River
herring is still a data poor species complex that is
challenging to assess but we’ve made some
progress since the 2012 Benchmark. We have an
improved understanding of the stock structure.
We’ve added some new datasets. We have
abundance trends and/or mortality estimates for 84
rivers representing 105 stocks of river herring. We
have refined the methods for trend analysis and Z
estimates, and we have some new modeling
approaches, including hierarchical growth model for
each species, as stochastic SPR reference point
model, a habitat model and have done some work
on data-limited bycatch cap options.

In this presentation | will go through stock
structure, then data, methods, stock status
followed by bycatch caps and research
recommendations. For stock structure, for the last
benchmark we assessed river herring at the river
level, and then pooled up to states to summarize
the trends, and we developed Z reference points as
a coastwide level.

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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But the SAS felt that using stock regions to pool
data and summarize trends was more
biologically meaningful than using states. In this
assessment we assessed alewife and blueback
herring at the river level wherever possible.
Then used genetic stock regions to pool data
where necessary for reference points and to
summarize trends.

Our stock regions are based on genetic work by
Reid et al. (2018). Here you see our stock
regions, on the left are alewife, on the right are
blueback herring. The points are the points that
were used by Reid et al to determine these. For
alewife we used three stock regions, the
Northern New England, Southern New England
and Mid-Atlantic.

For blueback herring we used five regions,
Canada, Northern New England, of course we
used only the U.S. portion of this region, Mid-
New England, Southern New England, Mid-
Atlantic and South Atlantic. Moving on to data.
We're going to talk about landings and bycatch,
and then indices and run counts.

Our total removals are going to be presented as
river herring removals, because it is difficult to
separate by species, especially for the historical
landings. We present in weight and numbers,
which means some translation there, so
commercial landings and bycatch and weight
are converted to numbers.

Recreational total catch in numbers is
converted to weight. Our conversions are based
on the average size of river herring for each
sector, where sampling was available. Here are
our total removals in weight. Note that the
historical ones may be incomplete. The yellow is
the U.S. commercial landings from ACCSP, the
blue is the foreign fleet landings, the pink is the
U.S. recreational landings, and the green is
bycatch.

We see here that the total removals have
declined significantly since the 1950s and ‘60s,
and in the last 10 years total removals averaged

about 2.67 million pounds per year, with just about
4 percent of the reported landings at the height of
the directed fishery. The overall pattern is similar
for removals in numbers of fish, which are shown
here.

In the last 10 years the total removals average 6.83
million fish per year, which is approximately 4
percent of the average reported landings as at the
peak of the directed fishery. If we zoom in on the
more recent years, we can see that there hasn’t
been much of a trend in total removals since the
mid-1990s. Note that the estimates of recreational
catch start in 1982, again those are in the pink, and
the estimates of bycatch start in 1989 in the green.
Recreational removals have generally been small
and have high PSEs, and bycatch estimates make up
a significant component of the current removals.
Here you see the proportion of river herring
removals for those recent years, and again we see
the commercial landings in yellow, foreign fleet
landings in blue, recreational landings in pink, and
bycatch in green.

Note that bycatch has been about 30 to 75 percent
of removals since 1989. It was much lower than
average in 2020 to 2022. Let’s look at that recent
change. On the left here are some numbers from
2005 to 20019, and we’ll call that the older period,
and 2020 to 2022 we will call that the recent period.
You note that the estimates of bycatch for 2022
were lower than in previous years, and they made
up a smaller percentage of the overall removals.

The bycatch averaged about 757,000 pounds per
year in that older period, whereas it was only about
200,000 pounds per year in the recent period. That
translates to about 281 million fish per year in the
older period versus 0.75 million fish per year in the
recent period. In the older period it was about 20
percent, the bycatch was about 27 percent of total
removals in weight, and 35 percent have showed a
removal in numbers, whereas in those recent three
years was about only 7.5 percent of total removals
in weight, or 10 percent of total removals in
numbers.

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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This is due in part to lower effort in Atlantic
herring and mackerel fleets in recent years, but
there was also lower observer coverage and
port sampling in those years, especially in the
Mid-Atlantic midwater trawls. Bycatch makes
up a higher proportion of total removals by
numbers, because the average size of the river
herring in the bycatch is smaller than the river
herring in the in-river fisheries. Here we see the
bycatch length composition, with alewife on the
left and blueback herring on the right.

The top row is the in-river directed fishery
sampling, the middle row is the in-river fishery
independent sampling, and the bottom is the
NEFOP bycatch sampling. Length information
collected by observers shows that the ocean
bycatch, that bottom panel, contains small river
herring, defined here as less than 200
millimeters that are not seen in in-river
monitoring, indicating that the ocean fisheries
are catching juvenile and immature river
herring, as well as mature adults.

Moving on to data, so our run counts and
indices. The TC reviewed a wide range of state,
federal and academic datasets, and in deciding
what to use in a trend analysis, a run count or
survey was used if it had 10 or more years of
data, had consistent methodology or changes in
methods were accounted for, and it
encountered river herring in at least 10 percent
of the trials over the time period.

Some surveys or run counts with less than 10
years of data were accepted for use in the next
assessment update. For alewife we used 52
datasets for trend analysis, 23 of those are run
counts, 10 are adult in-river surveys, 11 are
recruitment surveys and 8 are ocean mixed-
stock surveys.

For blueback herring, we used 42 datasets for
the trend analysis, that is 10 run counts, 13
adult in-river surveys, 12 recruitment surveys
and 7 ocean mixed-stock surveys. In addition,
we had 14 run counts that are not separated to
species. Now the SAS assumes that run counts

are more like indices than true population counts.
They represent trends in abundance, but other
factors like passage rate, amount of spawning
habitat below the page level counts, environmental
factors, et cetera. | mean we don’t know how much
of the spawning population is actually being
counted each year.

The different types of datasets are not distributed
equally across the coast. These maps show alewife
on the left, blueback herring on the right, and the
data sources by shape. Run counts, if they are
species specific, are shown by yellow circles here. If
they are combined species they are shown by an
asterisk.

The adult fishery independent surveys are shown by
a blue square, and the pink triangle denotes young
of year or juvenile indices. You will note that most
of the run counts are in the northern region, and
most of the surveys are in the Mid-Atlantic Region.
The South Atlantic Region for blueback herring is
particularly data poor.

That was our data, now we’re going to move on to
methods. For methods we will first seek a trend
analysis, then on mortality comparisons to
reference points, and then the habitat model. For
trend analysis we looked at Mann-Kendall trends,
which detect an increasing or decreasing trend over
the time series.

We also looked at auto aggressive integrated
moving average. We used that to minimize
measurement area and decreased variants, and
then we looked at the probability that the terminal
year of that ARIMA index is greater than either the
reference year of 2009, or greater than the 25th
percentile of the time series.

We used 2009, which was the year Amendment 2
was adopted for river herring as the reference year,
to try to address the question of whether river
herring abundance has changed since management
action was taken. This trend analysis was applied to
run counts, indices, and life history characteristics.

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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We found very few significant trends in our life
history trends analysis, so that would include
maximum age, mean length, mean length at
age, and percent repeat spawners. There are
also some difficulties interpreting those trends.
For example, does declining recruit spawner
percentage indicate decreased survival in elder
fish, or does it indicate that there is higher
recruitment and more first-time spawners?

It was hard to determine that without a lot of
additional data on recruitment or abundance.
Because of this, the TC/SAS did not rely on
these results for status information, but you can
look at the assessment report for detailed
results. After the trend analysis, we looked at
total mortality compared to reference points.

We estimated Z from age data from in-river
monitoring using the Poisson GML method. We
used the age of full maturity as the age of full
selectivity, which was Age 5 for most of the
stock region. We applied this for years with at
least 30 samples of at least 3 fully selected ages.
Then we calculated a stochastic Z 40 percent
SPR reference point. To do this, instead of using
point estimates for the input, like mortality,
maturity, et cetera, we drew from distribution
of parameters, and created a distribution of Z
40 percent SPR estimates. We developed these
reference points for each stock region. The
probability of Z being above the Z 40 percent
SPR reference point incorporates uncertainty
from both the Z estimates and the reference
point.

Note that our total mortality was based on
adult mortality only, with no influence of
juvenile mortality. Another way that we tried to
assess the data was by using a habitat model.
This model is a simulation model to look at the
affects of habitat loss on the productivity of
alewife and blueback herring in each stock
region.

It is similar to the model that would be used for
American shad during the 2020 benchmark, but
the life history information and habitat data

were updated to reflect alewife and blueback
herring stock regions. All of our results are in the
Assessment Report in detail. If you look at Table 20
and Table 39, it gives you a river-by-river summary.

In this presentation, I'm going to summarize the
results coastwide and by stock region. The tables
that | will show you, the Mann-Kendall Trend over
the entire time series, the Mann-Kendall Trend
since 2009, the probability of the latest year of the
ARIMA being above the 25th percentile, and also of
it being above the index of the 2009, and the
probability of Z being above the Z 40 percent SPR
reference point in the most recent year..

On to stock status. We're first going to discuss what
we learned from the habitat model, then the Mann-
Kendall Trends, then the ARIMA comparison to
reference and then the total mortality comparison
to reference. There are a lot of stock status
challenges for river herring. River herring
abundance is affected by a number of factors.

Affected by directed fishing, bycatch, habitat loss
and degradation, passage mortality, and
environmental factors including predation and
climate change. Also, each river system has its own
challenges, and for almost all stocks we have only
one data source. To add even more challenges, all
of our datasets on abundance and mortality start
well after the peak of the directed fishery in the
1960s and the collapse of landings during the
1970s.

The habitat model tells us that a significant amount
of river herring spawning habitat has been lost or
made difficult to access, due to dams. In these maps
here, blueback herring is on the left, alewife is on
the right. It shows how many dams are in each part
of the river. The darker, redder colors indicate river
herring have more barriers to accessing the habitat.

For instance, that darkest red area, the river herring
would have to cross upward of a dozen dams to get
to those areas. The loss of access to spawning
habitat results in a lower potential abundance. Here
| will show you alewife. The Y value here is the
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coastwide alewife abundance in millions of fish,
and across the bottom there are three
scenarios.

There is a no passage scenario on the left, a no
dams scenario on the right, and the current
scenario in the middle. Historical abundance of
spawning alewife was predicted to be 352
million fish under the no dam scenario.
Abundance under the no passage scenario was
87 million spawning fish, which is a reduction of
about 75 percent. Current levels of passage
don’t provide much improvement over the no
passage scenario. Analogously for blueback
herring, we see the same figure, the mean
historical abundance of blueback herring was
predicted to be 63 million spawning fish under
the no dam scenario. Abundance under the no
passage scenario was 41 million spawning fish,
which is a reduction of about 35 percent.

Again, current levels of passage do not provide
much improvement over the no passage
scenario. What is our habitat model telling us?
Well, alewife and blueback herring are
depleted, relative to historic level. The habitat
model indicates that the overall productivity of
the stock is lower now than it was for an
unexploited population in an unaltered
landscape.

But this doesn’t incorporate fishing mortality,
so it doesn’t provide an estimate of true current
abundance. Moving on to our abundance
trends, this is a figure showing abundance
trends over the full time series. On the left is
alewife, in the middle is blueback herring, and
on the right is river herring unspecified.

The abundance trends are denoted by a red
downward pointing triangle if they are
decreasing, a green upward pointing triangle if
they are increasing, and if there is no significant
trend it is denoted by a black square. As you
see, there is no clear coastwide trends. More of
the northern regions seemed to have more
positive trends, but even within the regions
there are differences from river to river.

Then if we look at the trends since 2009, since our
reference year, you see even fewer significant
trends. You see one decreasing significant trend in
blueback, which is the Santee Cooper River. You see
two increasing trends for alewife, two for blueback
and two for river herring. The alewife increasing
trends are the Damariscotta River run counts and
the Merry Meeting Bay young of year index.

Both of those are in northern New England, and the
blueback increasing trends are again, Merry
Meeting Bay young of year index, and that is in the
Canada/Northern New England Region, and
Albemarle Sound adult index in the Mid-Atlantic.
The ARIMA results compared to the 2009 reference
year shown here. It’s the probability of the most
recent year of the index being above the 2009
value. The shape indicates the type of data, either
survey or run count.

The run count species-specific are circles, run count
combined species are diamonds, square is your
adult fishery independent surveys and then triangle
is young of year or juvenile. As for color, the darker
blue indicates a higher probability. The darker red
indicates a lower probability, and lighter colors
indicate around a 50 percent probability of being
above the 2009 value.

You can see that the northern points tend to be
darker, and there are more light-colored and redder
symbols on the map in Southern New England and
Mid-Atlantic areas, indicating lower probabilities of
being above the reference period. Here you see
the probability of the most recent Z estimate being
above the Z reference point.

In this case, shape again indicates the type of data
and for color, darker red indicates a higher
probability. Darker blue indicates a lower
probability, and the lighter colors more of a 50
percent probability of being above the Z 40 percent
SPR reference points. Most rivers had a higher than
50 percent chance of total mortality being above
the Z reference point, with the more northern
regions having a higher probability than the Mid-
Atlantic. You think that is a little counter intuitive
from what we just told you about the abundance
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trend, but out of 105 stocks for which we have
data, we only had 26 that had both Z and adult
abundance trends. That was a little bit hard to
draw conclusions.

To summarize, our stock status here on the left
we look at the time series trends since 2009.
The left-hand column is a significant negative
trend, the middle is no significant trend, and
the right is increasing significant trend. Now
the middle column there is the number of
datasets with a greater than 50 percent
probability of the terminal year being greater
than a 2009 value based on that ARIMA.

On the right we see the number of rivers with a
greater than 50 percent probability that the
mortality in the latest year is greater than the
reference point. You see here for alewife that
there is no clear coastwide trend since
Amendment 2. There are very few significant
trends, but those that are significant are
positive.

Note that high values are better for the middle
column, and high values are worse in the right-
hand column. You see there is one significant
positive trend in Northern New England and
three in the mixed stock ocean, and all the
others are nonsignificant. As for the latest year
of the ARIMA being higher than the 2009 value,
92 percent of the Northern New England rivers
for which we have values were greater, 67 in
Southern New England, 65 percent in Mid-
Atlantic and 67 percent in the mixed stock
ocean, so that’s good.

But then on the right the number of rivers
where the mortality is higher than the
reference point is pretty high in Northern New
England at 72 percent of them, 78 percent of
them in Southern New England and you know,
Mid-Atlantic none, so that’s great. The more
northern regions seem to have more positive
trends, but also higher Z estimates.

But even within the regions there are
differences from river to river, in terms of

trends and a Z estimate. This is the analogous
information for blueback herring. Similar to alewife
there is no clear coastwide trends, while the
northern region seemed to have more positive
trends, they also have higher Z estimates.

Again, even within regions, there are differences
from river to river, in terms of the trends and the Z
estimate. There were no species-specific run counts
for indices for the Southern New England Region for
blueback herring, so as you see here, we only show
the mixed species run counts. In summary, there
are no clear coastwide trends since Amendment 2.

Some systems are showing positive trends, some
negative, and many know the technical trends. The
Northern Region seemed to have more positive
trends, but a lot of variability even within regions.
Run counts increasing trends may be influenced by
increased passage efficiency, as well. The Northern
Regions have put a lot of effort into habitat
restoration and dam removal, but still have states
further south, and they have not seen the same
positive trend in run counts and indices. In Northern
New England stock region also accounts for the
majority of the directed catch in recent years, while
states in Middle New England, Southern New
England and Mid-Atlantic stock regions have closed
their fisheries. What other factors are affecting
river herring abundance? One of them may be the
bycatch influence. Reid et al in 2022 looked at the
genetic composition of ocean bycatch from Cape
Cod, Long Island Sound, New Jersey area, which has
historically had a high fishing effort and high
estimates of river herring bycatch.

In this area the majority of alewife bycatch was
from the Southern New England stock region, and
the majority of the blueback herring bycatch was
from the Mid-Atlantic stock region. These are two
stock regions that have more negative trends in
recent years, despite habitat restoration efforts and
directed fishery closures.

Let’s move on to talking about possible bycatch cap
measures. Concerns about the impacts of ocean
bycatch led the Board to include a TOR to develop
methods to calculate biologically based caps for a
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limit on bycatch of river herring in ocean
fisheries. A proof-of-concept approach was
developed, using data limited methods, so that
if that bycatch cap based on trends in alewife
and blueback herring abundance.

We used the iSmooth and the iSlope methods,
these were peer reviewed in the 2020 index-
based methods and Control Rules Research
Track Assessment. These methods have the
highest medium catch among the methods that
achieve rebuilding more than 50 percent of the
time. The iSmooth and iSlope are conceptually
very similar. Slope have been the index in
recent years we’ve used to develop a multiplier
that is applied to the recent catch, with or
without additional buffers.

Basically, if the index is decreasing the bycatch
cap would decrease. Then if the index was
increasing, the cap would increase. The data
required for this is catch data and index data.
The catch data we looked at was the Northeast
Fisheries Science Center species specific
coastwide bycatch estimates.

The index data for the ocean mix stock indices
was the Northeast Fisheries Science Center
Bottom Trawl and NEAMAP. For run counts for
alewife, you look at the sum of the Southern
New England run count, and for blueback
herring we looked at the sum of the Mid-
Atlantic run count and these were the stock
regions, remember that comprise most of the
bycatch being studied by Reid et al in 2022.

The final numbers would depend on the
method, choice of index, and what kind of
buffers are in place. We ran through some
seemingly reasonable numbers, and found that
our estimates had lower, they were lower than
the current bycatch count, lower than the
coastwide bycatch estimates, but higher than
recent estimates of catch against the current
cap, because remember, not all the coastwide
bycatch of river herring counts against the
current cap.

There were pros and cons to using an index-based
bycatch cap. The pros it is more biologically based
than the current historical average approach. As
your indices decline caps will decline. If indices
increase the caps can go up. The cons are that it is
based on index data only, it’s not a population
model, and it assumes a relationship between a
bycatch and the population abundance, although
we know that bycatch is only one factor that is
protecting river herring abundance. In order to
finalize anything, it would need more work in
consultation with managers on the scope and
implementation. What we did was species-specific,
and the current caps are shad and river herring
combined. The caps we came up with are
coastwide, but the current caps are based on
specific fisheries and gear area combinations.

Data limited methods need more management
input on risk and buffer levels, and monitoring at a
biologically meaningful scale is difficult. Not all
bycatch affects all rivers or stock regions equally,
and the current monitoring doesn’t include
genetics. The TC/SAS strongly supported the
species distribution modeling approach as an
alternative or a complement to the catch cap.

Model river herring distributions and identify
potential “hot spots,” where the risk of bycatch is
increasing, and use time/area closures to minimize
bycatch, instead of an in-season catch cap
approach. This avoids some of the issues with
intensive monitoring needs with the catch cap
approach, but the models need to be developed
further. On to research recommendations. The
research recommendations are shown in full in the
assessment report, along with the updates on what
we have accomplished thus far.

Last year we highlighted some of the selected
recommendations. A high priority short term
research recommendation for assessment
methodology is to continue development of the
habitat model or similar models to predict the
potential impacts of climate change on the river
herring distribution and stock persistence and
develop targets for rivers undergoing restoration.
Some high priority short-term recommendations for
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research and data collection are to develop
consistent aging protocols across all states.

To establish a database of existing data sources
with comprehensive meta data and
recommendations for use. To expand observer
and port sampling coverage including genetic
sampling, to better quantify incidental catch of
river herring. Studies to quantify and prove and
implement standard practices for fish passage
efficiency, and to evaluate and validate
hydroacoustic methods to quantify river herring
spawning run numbers in major river systems.
Any questions?

PEER REVIEW PANEL REPORT

CHAIR FEGLEY: Thank you, Dr. Conway, that is
just an impressive amount of work. | think what
I would like to do, unless there is loud objection
and protest, is move right on to the Peer
Review Report, and then take questions
together. Dr. Jordaan, | apologize if I'm
mispronouncing your name. If you’re ready,
let’s go ahead with the Peer Review, and then
we’ll discuss.

DR. ADRIAN JORDAAN: According to my data,
I've been mispronouncing our last name. We'll
be okay, thank you so much. First of all, | would
like to thank the River Herring Technical
Committee and Stock Assessment
Subcommittee, and I'm going to just call that
the SAS, because I'm not going to say all those
words every time.

But | would like to comment on them for their
efforts around this stock assessment, and we're
really happy to be a part of the group that got
to review it. The Review Workshop was June 4-
7 in Arlington, Virginia, and our scientific review
focused on the data inputs, analytical methods,
results, and overall quality of the stock
assessment. Obviously, you have all had access
to the materials, so we can go to the next slide.
The Scientific Review Panel was a Chair and two
additional technical reviewers with expertise in
anadromous fish ecology and population

dynamics, stock assessment modeling, data limited
methods, fish passage, and bycatch estimation.

| fulfill some of those, so | was very fortunate to
have Dr. Heather Bowlby from the Fisheries and
Oceans Canada, who has had experience working
on river herring, although virtual estimate ranks
currently, but a rich experience in stock assessment
and Dr. John Weiderman, who also spends time on
the Science Statistical Committee with me on the
New England Fisheries Management Council, and
has a lot f experience working with stock
assessments, so a really great group of people, and
think hopefully we did the assessment justice in our
review.

While not mentioned here, I'll probably mention
this a couple times. This remains a data limited
complex of stocks, as Dr. Conroy mentioned, and
they remain depleted from a coastwide perspective.
This follows a decade or more of restoration efforts
and moratoria in numbers of states., simply haven’t
improved status beyond some marginal
improvements.

However, most of the population trends themselves
are flat. I try not to get in the weeds here too much,
but when | say population trends, | really do mean
the run counts, the indices, and all the life history
indices as well. But for right now just talking mostly
about the population trends, where there was high
variability in many of those surveys, and there just
was a lack of ability to detect trends.

While no official statement was made regarding the
current rates of mortality, total mortality was quite
high in many of the individual stocks, as pointed out
by Dr. Conroy’s presentation. It was sort of spread
throughout the assessment, but within one of the
statistical catch-at-age models on the Monument
River. There was certainly an indication that there
was high mortality occurring during the ocean
period of their life history of river herring.

Many members of the public and managers brought
up concerns over the potential high levels of discard
mortality, or at least about the lack of current
monitoring of that mortality. The new habitat-
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based model shows a lot of promise, and
indicates a lower productivity overall, due to
damage and habitat loss.

We certainly as a group encouraged the
continued development of that to bring in more
information about how the habitat varied in
quality, as well as trying to use information that
sort of tied it, grounded the habitat model to
some of the other aspects of their life history.
One of the big, honestly one of the biggest
positive things of the habitat model, parts of
the model itself was also the growth modeling
and other sort of synthesis of information that
occurred as part of that.

Those were really encouraging and a
monumental amount of effort, primarily by Dan
Stitch, so I'll give him a call out at this point.
Based on the current methodology analyses and
interpretation of results, we believe that the
assessment provides the best available science.
But again, | think that there are just in general
with river herring a way to go to bring these
stocks to a more data rich scenario would allow
us to say more about the sources of mortality
and provide better recommendations for
management action. I’'m going to step through
each of the TORs that we had, as a part of the
review. The first was to evaluate the choice of
stock structure. We really, as a group, thought
that the use of the genetic information to
aggregate the information into these broader
regions that were not defined, necessarily by
state as a positive move forward. However,
since most of the mortality is very much river
specific, and certainly runs in better stability by
experiencing harvest, as our harvest is at the
specific river or run.

We recognize that the unit, the river is still the
stock unit that is most important. From a
recommendation standpoint, we recommended
that there be further data collection from
populations and fisheries for apportionment of
discard mortality at sea, but also just to try to
continue to better understand the spatial

aspects of river herring during their complex life
history.

I'll also say at this point that the lack of data along
some parts of the coast, in terms of the genetics,
led to there being sort of not quite enough
information to really nail down perfect stock unit. |
think there is just an overall more work to be done
in both genetic analyses, as well as collecting
information for future analyses of genetics in those
discards.

Again, we were very happy with the amount of data
that was collected on river herring from both
fisheries dependent and independent sources. |
think it is important to acknowledge that there are
significant limitations, data limitations that remain a
significant issue for these stocks, particularly with
the lack of standardized methods for aging, and for
developing abundance indices.

I’'m actually going to do the second
recommendation first, because it feels like it leads
from the second comment better, and that is that
one of the things that | think it comes out really
nicely, and what Dr. Conroy just presented, was the
fact that many rivers only had one index or one life
history index, or a run count or a juvenile index, or
an adult survey of some kind.

One of the problems is that it was, as again noted
by Dr. Conroy, that it is difficult to assign mortality
or understand where there are issues, when you
have such disparate data. We really think that one
of the things that might be helpful is to continue to
develop the surveys and standardized methods, but
focus on a few rivers across the region that allow
there to be these sort of sentinel populations that
allow a better understanding of what is occurring
within that river, sort of like what we saw in the
Monument River.

Then of course there is just an overall missing data
across the board from supplementing other surveys
that are currently collecting parts of the information
that are useful, so either a run count, but not really
collecting enough information for some other
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aspect, but also just in general the discard
monitoring is an area that is certainly needed.

TOR 3 was to evaluate the assessment methods
and models. As | noted this has remained a
data-poor assessment. The majority of river
systems there was only just this one type of
monitoring data that would exist that could be
used as some kind of index, whether it be
abundance, run count or so forth, and that is
certainly a limitation.

The catch-curve estimation of total mortality (2)
compared to the reference points developed by
the spawner stock recruitment biomass to
recruit model seemed appropriate. | have a
feeling | called Z F later, and | apologize ahead
of time, unless someone fixed it. Certainly, we
feel like this was a big step in the right direction
for the assessment of these populations,
although there are certainly some issues that
were identified, | think a little bit in the weeds,
but certainly worth continued exploration
around how to best estimate mortality and
make comparisons to the biological reference
points.

The trend analysis of Mann-Kendall and ARIMA
on the survey and other data sources provided
a little additional information, but I think you
got the general sense that trends have been
generally flat since the last assessment, and so
there really hasn’t been a lot of either
improvement within this, or enough power to
detect those trends, which frankly is our
problem across a lot of surveyed anyway.

Then of course the statistical catch-at-age
models were updated for three rivers and
suggested high at-sea mortality, although only
one of those models was really, | think at the
level that was capable of making that kind of
inference. For the conclusions of the
assessment methods. We believe that there
needs to be a continued development of these
bycatch caps.

Based on the abundance we thought that that was
certainly a step forward from the more historical
sort of what has been caught. However, there were
a number of issues identified, particularly
interannual variability in cap estimates. We just
think that there needs to be a little bit of additional
thought on this process.

But it seems like a very, in general, a positive way
forward. We were as a group and individually, we
were concerned about the use of a fully spatial
bycatch avoidance approach, because it wouldn’t
inherently track the magnitude of bycatch or just
things as part of that. We really felt that there
would have to be some kind of cap implemented
currently with spatial management, to avoid the
potentially negative outcomes that could follow
through from that.

Of course there are ways around that, which leads
to one of the comments, which is that we think in
developing these ideas, especially for the time/area
closures, you really need some clear management
objectives that are going to be complicated by the
fact that they’re going to be multi-species driven,
and that these clear management objectives need
to be defined a priori, and there is a reference
provided in the document to help tease that out
more.

In TOR 4 we were asked to identify the best
estimates of stock abundance, total mortality, and
exploitation for management use. Some of this is
going to be a little bit redundant. The first one is
just a reemphasis that the idea that for a majority of
river systems there was only one type of monitoring
data that was able to be used, and this really limits
interpretation, and | think Dr. Conroy gave some
good examples.

The trend analysis on survey CPUE and run size as
mean length and mean length at age data, really
gave mixed results, and in general had a low power.
There were some, | would say weak positive
outcomes from that. But in general, | think that the
group took it as a whole that the trends were
generally pretty flat and unchanged. There is the
F40 in the next slide. There was | think across the
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board higher mortality. | think there was high
mortality across all of the runs, or across many
runs, and there seemed to be high mortality
occurring within the runs up in the north. One
point | am just going to make here that | think is
worth everybody being aware of, and that is
that the use of Age 5 and further, you know an
older fish in terms of developing the mortality
estimates, certainly is a bit of a limiting factor,
in terms of understanding the full dynamics of
what is going on over the life history.
Obviously, a positive way forward, but just to
recognize that there is bycatch mortality
occurring as well as in-river mortality during the
return after for spawning.

| think that while initially | was surprised that
those mortality rates were high, | think that
there are some potentially confounding factors
in there a little bit as well. The statistical catch-
at-age modeling suggested high at-sea mortality
and the habitat model suggested continuing
need for improvement of habitat access or said
another way that we’re still very much below
the baseline of undammed systems based on
the habitat model.

We just suggested the continued development
of data limited methods for developing a
bycatch cap, based on trends in abundance, and
really felt that that type of method moving
forward was likely to balance the need for some
flexibility in the approach, but also recognizing
that it’s not just the historical catch that drives
the potential for bycatch.

There are some recommendations, and some of
these are redundant, but to have these sentinel
sites that are tracking more data on more
indices to allow for better interpretation of
results. Move the statistical catch-at-age model
to more of a population viability analysis, which
is really just a tweak, and hoping that more of
those sentinel sites will bend themselves to
becoming statistical catch-at-age models in the
future, so we really have a better tracking of the
process of what is going on coastwide.

Continue the development, we really encourage the
continued development of that habitat modeling
approach. We really think there is a lot of promise
in that. Then of course the work with the New
England Fisheries Management Council’s Plan
Development Teams in both the herring and
mackerel, to work on approaches to limiting
bycatch, and also to continue to better monitor
those fisheries.

We overall, we agree with the assessment that the
river herring stocks remain depleted. Although
there is a low power to detect trends, there is an
increased monitoring need and a better
standardization of techniques, and hopefully
movement toward some of these sentinel sites, a
little help, I think, to understand better how our
populations are trending.

Mortality exceeded the biological reference points
in many rivers, and at-sea mortality appears to be
high. While the river herring stocks remain data
poor, and status determinations were impossible,
we do find that the lack of recovery, given the last
decade of restoration and effort is troubling. A
quick note here though that many areas are still
improving access and improving.

Many of those populations may not have entered
into the assessment. We hope that in the future
these sorts of improving areas might get more call-
out. But we do believe that the lack of discard
mortality monitoring remains a really important
missing element for the assessment, and leaves us
in a little bit of a difficult position, in terms of
assigning or apportioning where the issues are, in
terms of what is limiting the recovery of these
populations. This is really on the research
recommendations. The Panel really recognized the
importance of an improved estimation of bycatch
and discard mortality, and so this is essentially
really working on comparing the current analytical
techniques in a sensitivity analysis to understand
and assess their relative predictability in estimating
total bycatch.

This is particularly important, because river herring
are a schooling fish, and those numbers, they are
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just not a typical fish population in many ways,
and | think they need a little bit of work on the
analytical side, and it was really a strong
recommendation by the Peer Review Panel.
Certainly, continuing explore these, iSlope was
probably the preferred version between the
two, but to continue to explore these.

Since incidental catch seems to comprise the
largest source of ongoing fishing mortality, and
it remains high for many populations. The focus
on bycatch at this point is fairly urgent.
Continued improvement of the habitat model,
they are incorporating major sources of
mortality, and then to use observed data to
ground truth the outputs.

We're really excited about some of the
advances in that habitat model, and actually the
assessment overall. These are still high priority
for us, but we recognize that some high priority
things you can pick up at the computer and do.
Those were the things we just sort of just
discussed. These things involve a little bit more
on-the-ground work, and sort of more
collaboration beyond the Atlantic States Marine
Fisheries Commission.

Equal priority, although with implementation
over a longer time period and improved
monitoring via port sampling or dockside
monitoring, to collect more information about a
species in bycatch. Because most of these
species are full retention, or many of them are,
we really don’t have to require observer
coverage.

We really hope that this can be a step forward
over the next numbers of years towards the
next assessment. The Panel also saw a high
priority and continued improvement of
enumeration techniques, including
hydroacoustic, eDNA, other run counts, sort of
video imaging processing with machine
learning, all these ideas to increase the amount
of information that we have, increased its
reliability.

Then hopefully do so in such a way that dovetails
with those other types of data being collected
about the life history, so that we can continue to
have more sites that we have better interpretation
of the overall data. Then for a medium priority, we
had sort of a need to implement sampling
programs. This is actually sort of going back to what
| just said, which is sort of having these sentinel
sites, where we sort of would be collecting more
information about the overall life history of the
species in a single river.

This was something that Dr. Bowlby brought up a
number of times, and | think is actually something
that would be well worth some effort, would be a
detailed river history and inventory that captures
current population numbers, details about
restoration, and documents data that is collected,
and what those methods are. In order to really help
interpret current status, but also to allow people to
use as a resource moving forward. | know thereis a
little bit of work out of Maine that sort of trying to
get up at, so something to think about in the future.
River herring specific surveys would be of great
benefit to the assessment. Some of the best
surveys, in terms of how they provided, in terms of
how the operated with the power to detect trends,
were actually surveys developed for river herring. |
guess there is not surprise there. But the
dependence on a lot of surveys that were not either
timed or developed to collect information on river
herring, no doubt increases the amount of
variability in those surveys, and then makes them
less powerful to detect the trends.

Either tweaks or changes or new surveys to increase
variability to understand what is going on with the
population would be of great value. The Panel
considered most of the other medium and high
priority research objectives that were identified in
the SAS to be a little bit less important, only
because they had a lower likelihood of actually
leading to information that would directly inform
the management in the next assessment.

That is not to say that they are not important, but
this just feels like these, the ones | just presented
were the critical issues where we really need
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additional work to move the assessment and
management of river herring forward over the
next decade. TOR 7 was, recommend the timing
of future stock assessments.

We simply agreed with the SAS that the update
in five years and a benchmark assessment in ten
years would be appropriate, given sort of the
life history of the species, sort of talking about a
couple of generations that would go through by
the next benchmark. Hopefully, we’ve seen
some improvement, and things have continued
to gather steam, both in terms of restoration,
but also in terms of our overall data collection
to inform how things are moving, and in which
direction.

| just wanted to, as a closing comment. You
know one of the things that | had talked about
in my fisheries class are the time lags between
when things occur and when decisions get
made. In the meantime, since we did the
review, I've also sat at NE-SSC, and there were
just pretty significant cuts to the Atlantic
herring fishery that occurred, and | also know
that the Atlantic mackerel fishery is facing some
challenges.

It's sort of an interesting moment here, in terms
of what’s going to happen with bycatch. | don’t
rejoice in any of these things, | think that they
are all complicated and challenging. But
certainly, working with the relevant PDTs seems
like we're right at this moment where these
bycatch caps of spatial management could be
really rethought, hopefully as we see a return in
Atlantic herring in the future.

Then just to point out sort of a concern of mine,
and that is that we don’t have a lot of forage
fish in the Gulf of Maine area, and one of the
things that my research, one of my graduate
students working on an ecosystem model
pointed out, was that sometimes the
consumption can actually be a really big source
of mortality, and can sort of overwhelm any
fisheries-based changes in management.

Just as a concern here that with herring lower, river
herring are going to be a more important forage
items to many predators. | think we have some
challenges coming up over the next decade, and |
look forward as a researcher to be involved in
those, and hopefully | can be involved in this type of
a process moving forward as well. | think that might
be it, but next slide. Yes, and I'll pass it back to you.
Thank you.

CHAIR FEGLEY: Thank you very much for that
presentation. It’s a tough one, it’s a big one to
wrangle, and you guys have done an excellent job.
At this point what I'll do is turn to the Board for
guestions on either the Assessment or the Peer
Review, so if you have a question. All right, we’ll
start with Bill Hyatt.

MR. WILLIAM HYATT: Thank you for a very, very
excellent presentation. My question has to do with
a statement that was made in what | believe is the
Peer Review Report. | might be wrong on that, but |
believe it was. It was a statement that the
calculated mortality rates don’t include all sources
of mortality, and that was actually an
underestimate.

You know | believe the statement was made
because the mortality estimate was based upon
assuming Age 5 plus spawners. | would just like you
to mention that if you would, go over it a little bit,
and if you could, speculate on how big of a potential
underestimate that might be, based on what
knowledge or information you have. I'm kind of
asking this question from the perspective of having
some information for southern New England stocks
that only about 19 percent of the spawning stock is
made up of 5 plus individuals.

DR. CONROY: I'm going to start and then you can
jump in. The reason that we looked at only the 5
plus, in terms of calculating mortality is that was the
data that we had, because most of our data is from
spawning runs. | don’t now exactly how we would
get the data to include younger years. Go ahead,
Katie.
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DR. KATIE DREW: Yes, | think the challenge
obviously with the catch curve approach is that
you need all of your ages to be fully selected
when you are sort of trying to figure out how
they are disappearing over time. If you have a
lot of river herring start maturing at Age 3, Age
4, but the ones that come out back to the river,
that is only part of the Age 3s that are actually
out there. And only part of the Age 4s that are
actually out there.

We can’t really include them in the catch curve
approach, which is a limitation of this approach,
and it’s a limitation of our data that we don’t
have information on those fish when they are
out at sea, either as immature or mature fish. It
is difficult to track them back to their river
systems, but even looking at them, the data
sources that we have on the ocean, such as the
bycatch and the fishery independent surveys
don’t age those fish.

We just have length information on them. In
addition, you know there is definitely going to
be a selectivity effect on that as well. | think
that is a limitation on the available data that we
have. Moving towards more of a model-based
approach that can pull in additional information
the way we do with all of our other species, to
get an estimate of total mortality would be
great.

| don’t think we have a way of knowing what
the affect of that additional mortality on the
stock is, because from river to river it’s going to
be different. | think the bycatch is not
happening equally across all rivers. The stress
of returning to that river to spawn, or the
predation level in the river, or the
environmental affect, or the passage efficiency
is different from river to river, and so it is really
difficult to say how much additional mortality
they are experiencing as young fish compared
to kind of what we’re measuring on these
oldest fish. | think the reference points take
into account some mortality on those younger
fish, so we don’t completely disregard that in
the reference points. When we compare these

total estimates, we are comparing it to a reference
point that assumes some mortality has happened
on those younger fish. But that is just a real black
box in our understanding of this population,

MR. HYATT: Safe to say there is confidence that it is
an underestimate, but no idea whether it is a small
underestimate or a large underestimate.

DR. DREW: Right, yes. Again, this is like mortality on
those older fish from year to year was, what are the
younger fish experiencing? We have no measure of
that at all. Are they experiencing, probably they are
experiencing more mortality than the older fish, but
even just the stress of returning to spawn is
probably also a significant source of mortality for
the older ones as well, so yes.

CHAIR FEGLEY: | see you, Justin Davis, but I'm going
to go to Emerson Hasbrouck online first.

MR. EMERSON C. HASBROUCK: Thank you, Dr,
Conroy, and Dr. Jordaan for your presentations,
very informative. | have a question, and I’'m not sure
whether you can answer it, but I’'m going to ask it
anyhow and see where it goes. How long would it
take for a river population of either alewife or
blueback, or just combining river herring, to fully
respond to habitat improvement, especially dam
removal. Maybe the period that it takes the
population to respond is just longer than what our
recent data is showing.

DR. DREW: I think the issue is that | don’t think we
know. | mean we could tell you; you know that is
what the habitat model would get at if we had like
this perfect scenario where there is no fishing
mortality, there is no other sources of mortality,
you take out a dam, habitat spawning increases,
you know recruitment, blah, blah, blah.

You could run those projections and see. But | think
we don’t understand sort of how much of what is
limiting each stock is fishing mortality or bycatch
mortality or other factors, predation, climate
change, poor recruitment versus how much of it is a
lack of access to the habitat? If the majority of

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.

14



Draft Proceedings of the Shad and River Herring Management Board — August 2024

what is holding the stock back is lack of access
to spawning habitat.

Then they are going to respond faster than a
population that is also being held back by
bycatch mortality or some other factor. | think
the short answer is, it’s going to vary from
system to system, depending on how much
habitat is available to them now, and all of the
other factors that are influencing their current
abundance.

DR. CONROY: ltis also the influence of change
in predation when those dams are taken out.

DR. JORDAAN: Can | add one thing?

CHAIR FEGLEY: Go ahead.

DR. JORDAAN: One thing | just want to
comment on, because it came up both during
the Peer Review and it just comes up a little bit
every now and then is, it’s this idea that there is
an immediate response by river herring to dam
removals, for example. One of the things that |
think everyone needs to realize is that very
frequently there is not great monitoring of that
change.

There is sometimes good monitoring of a
passage improvement, but not always.
Sometimes there is monitoring of a dam
removal in some way. But it’s very difficult to
get at that question that was just asked in, |
think a really quantitative way. | think there is
some work that is going to come out over the
next few years that will help answer those kinds
of timeline responses.

But I think that Dr. Drew’s answer was almost
spot on that it is going to depend, but that this
expectation that it is immediate, that to me is
all to suggest that there were river herring that
were below the dam that couldn’t use the
habitat before that are now being granted
access. | worry sometimes that those numbers
that get sort of given, in terms of the numbers
improved of fish that came back immediately
after a dam are actually composed a lot of fish

that were just never counted before. That is my
perspective on that.

CHAIR FEGLEY: Thank you for that. Justin Davis.

DR. JUSTIN DAVIS: This is a question that might
drift in the comment territory, but I'll try to keep it
as a question. This has to do with the analysis of
the habitat model and dames. | think the takeaway
there is that on a timescale of centuries, dams are
persuasive explanation for why we have lower river
herring productivity now than we did, say 300 years
ago, before we built all the dams.

But not that over the timescale of say the last 40
years that dams are a persuasive explanation for
why we’ve seen the dramatic declines in river
herring runs from say, the 1980s or ‘90s until now,
because we haven’t been building new dams.
We've been out of the dam building business for a
long time. In fact, you know | had my staff pull this
information together before the meeting.

Just in Connecticut alone in the last 30 years we’ve
built 66 fish ways and removed 30 dams, so that is
just in one state. We’ve sort of been going the
other way, with taking dams out of the picture. |
just wanted to clarify that that analysis is taking like
a big picture look at what the productivity of our
rivers could be, in terms of river herring, but it is not
suggesting that dams are really a factor in what
we’ve seen over the last four years with these
declines.

DR. CONROQY: One thing is that some of the newer
information on fishways is showing that the
downward travel is very, very important, and if we
improve the upward travel then that whole area
just becomes a sync. It is possible that some of the
older fishways, like before that was well known,
may have actually been exacerbating the problems
of the dams. But yes, | agree with most of what you
said.

CHAIR FEGLEY: Dan McKiernan.

DR. JORDAAN: Can | just jump in really quickly in
response to Justin’s comment?

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.

15



Draft Proceedings of the Shad and River Herring Management Board — August 2024

CHAIR FEGLEY: One hundred percent.

DR. JORDAAN: | think one of the advantages to
the habitat model is not telling us something
that we already knew, which | think you just
nailed really well. But in fact, the idea that it
can be a tool to understand how things are
progressing. | think Dr. Conroy just pointed out
one of those issues, which would be the
downstream passage.

But also, as information that that is able to be
brought in, for example that provides for
different water quality, accessed for different
habitat qualities, and then allows you to really
build a model that is actually much more like
the system. Then you get to a place where you
start out being able to ask questions about
what will provide positive outcome. Is it
downstream passage? Is it reduced at-sea
mortality? | think it’s a tool that has a lot of
validity moving forward, notwithstanding | think
your comment was spot on.

CHAIR FEGLEY: Okay, to Dan McKiernan

MR. DANIEL McKIERNAN: | am curious to know
if the elevated total mortality, the Z scores,
have gotten worse in recent years, and whether
that could be related to predation, and not
necessarily attributable to commercial fisheries
bycatch. That is an interesting question | think
we all would like to know. But given what we
are all expecting over the next five years or so,
which is s vastly diminished sea herring and
mackerel fishery, | guess | don’t know where we

go.

| mean some of the recommendations about
extra sea sampling. I'm not sure the fleet is
going to be there. As | was listening to the
presentation, | heard there was a lot of
implications of commercial fisheries bycatch,
and then Adrian, the last thing you said was,
there are not many forage species left. | guess
what I’'m hearing is you are sort of implying that
this could elevate total mortality on river
herring at sea. Can you comment on that?

DR. JORDAAN: In some ways | think | should have
not included that last slide, but | thought it was
important for context, because here we are. | think
you’ve identified exactly what is going to happen,
the future, in the next couple of years here with, |
think both mackerel and Atlantic herring. | think
those are going to be much diminished fisheries,
especially Atlantic herring.

Our work on this, and this is the ideas of this paper
on the contrasting fisheries, reduction and habitat
improvement. | probably did not quite get in the
title properly, but it essentially showed that if you
do fisheries regulations that reduce fish catch, you
actually also reduce the catch of some of the
predators, and the result is that essentially you
don’t see any change in the river herring
population. Now, it's a model. It’s an ecosystem
model with huge assumptions around consumption
and productivity.

But | think that that paper pointed out the fact that
habitat improvement is the sole way, or increasing
the amount of habitat is the sole way to really
improve these runs of herring, when compared to
these sorts of fisheries management of passageway
because of this predation pressure. | feel like it is
an important thing to bring up now, so we don'’t get
five years down the road, and everybody is
wondering why bycatch reductions haven’t reduced
at-sea morality. | would worry much more about
the overall populations of these species that we
have currently available, and worry about there not
going to be sufficient moving forward to be
partitioned around everyone who needs them. |
always called them the hot dogs of the sea. | know a
lot of people don’t like hot dogs, but | mean they
just are eaten by almost everything, and | think that
is one of the challenges, it’s their role, and | think
it’s a big challenge for their management. | don’t
envy making management decisions around a stock
that also remains fairly data poor.

DR. CONROY: Just one addition. We did show the
estimates by river in the assessment if you want to
look it up. If they varied a lot, like whether the
mortality is getting worse or better, it varies a lot by
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river. If there is a particular river that you want
to see, you can look that up.

CHAIR FEGLEY: Okay, Jeff Kaelin.

MR. JEFF KAELIN: Thanks for the presentations,
I've kind of been bouncing back and forth
between the slides that were shown earlier by
Dr. Conroy and some of the language in the
Peer Review Report. In the Peer Review Report,
on Page 4, and also repeated in the Terms of
Reference 6 slide that we just saw.

It says probably the most important aspect of
incidental catch is that it has become the
highest individual source of fishing mortality on
river herring. But if we look at the Figure 1, the
total removals in your slides, which is on Page
10 of the written document, it doesn’t look that
way, and in fact | think you had another slide
that blew up the scale, so you could really see
the comparison between bycatch and mortality
of river herring that followed, which we don’t
have in the written document.

My question, so | don’t think it’s accurate to say
that most of the mortality is bycatch mortality,
because my understanding is that there are
several rivers that are under sustainable
fisheries plan, certainly in Maine that’s the case.
| think Maine’s directed mortality is a couple
million pounds of fish coming out of
sustainable. Yes, there you go. Out of
sustainable runs.

You know what is missing, | think, in the way
this data is being displayed is, we don’t have
any idea. We can’t identify, | can’t identify
anyway, which river systems are under
management through the sustainable fisheries
plan approach that we’ve taken at the
Commission, the other approach being the
black box approach, and New Jersey is guilty of
that.

We don’t have any rivers that we’re looking at.
But | think it would be really important to try, so
this shows me right here that in fact incidental

catch is not the majority of the mortality of river
herring, that directed landings are greater. What |
can’t determine is how much of those directed
landings are coming from river systems that are
under sustainable fishery’s plans? We don’t know
that and | hope it’s a big number, so that is my first
question.

DR. DREW: Yes, all the directed landings, so what's
in yellow on these pages are coming from states
that have sustainable fishery management plans. A
lot of this data we can’t actually show river by river,
especially from Maine, because it is confidential.
But | would say, | think maybe the issue, and | don’t
want to speak for the Review Panel, but speaking
for the Stock Assessment. | think the issue is more
that in some rivers the bycatch is maybe more than.
We have rivers that are closed, but we know that
those rivers are still vulnerable to bycatch from
some of the snapshots of genetic data that we have.
Meanwhile, we have other rivers that continue to
have a fishery, and are contributing, are influenced
less by the bycatch, again, based on the genetic
snapshots that we have. We could go through
maybe and show, in the giant table of results we
could maybe try to compare rivers that are flagged,
which rivers are under sustainable fishery
management plans and which are not.

How does that relate to the trends that we’re
seeing? But it’s difficult to then, we can’t parse
bycatch back to specific rivers, we have some
snapshots in time of where the majority of the
bycatch was coming from at kind of a regional level.
While we can definitely partition the commercial
directed data back to specific states and rivers, that
is more difficult to show because of confidentiality.

MR. KAELIN: There you go. It looks like the
sustainable fishery plan program is working then,
and it should be maybe an incentive for other states
to go down that road, if we really want to bring
some of these stocks back. On the forage concern
issue, yes, we just saw yesterday, 86 percent caught
in the herring quota in one year, but 2500 metric
tons of herring available to the entire U.S. fleet to
take, so no, there is no herring fishing and mackerel
is rebuilding.
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But according to our projections on Atlantic
menhaden, there are 4.5 million metric tons of
Atlantic menhaden out there. | don’t know if
river herring eats menhaden, they probably eat
menhaden possibly when they’re inshore, so |
just wanted to point out that there is certainly a
lot of menhaden out there, there is a lot of
butterfish out there.

Again, | don’t know what is in the river herring
diet, but it’s an interesting concept to say that
because herring and mackerel are going to go
down, we can expect greater mortality on river
herring. It's an interesting concept. These
legacy rivers that with the research
recommendations suggest that we identify.

Wouldn’t those be the rivers that are under the
Sustainable Fisheries Plans? Couldn’t we
identify them more specifically that we’re able
to? You mentioned the issue of confidentiality,
I’'m looking at the table that shows, it’s the one
that has the little box with Maine, with all the
red confidentiality. | don’t know which one of
these documents that’s in.

My question about that is, there are a lot of fish
that are being managed up there. What is it
about those river systems that just show a little
box with a whole lot of red in it, which doesn’t
allow us to really unpack the value of these SSP
rivers that are under management. What is it,
Katie that requires confidentiality? | mean a lot
of them are managed by towns. Some of them
are owned by individuals because that is really
unfortunate. If we can’t really see what the
value of the legacy river is, if the data coming
out of there is confidential.

That’s my last question, I'm going to stop there.
But there are a lot of pieces that don’t really fit
here. To incentivize states to develop those
plans and put the resources in them, it would
be nice to be able to see how well they are
working, you know, get some kind of feedback.
But apparently the confidentiality requirements
will never allow that to happen, possibly. Ill
stop there, that is my question, thank you.

DR. DREW: For Maine, I'll defer to Maine. | think in
a lot of these cases the issue is that there is only
one harvester on these rivers, and so if we go down
to the river levels, then those landings and the
biological information associated with those
landings is considered confidential, and so we can’t
display that publicly.

MR. KAELIN: Yes, | get that. | was looking for my
last point. You know a lot more about this, Pat, than
| do. But why couldn’t we have NDAs developed, so
that those harvesters could agree to allow that
information to be made publicly available, because
it demonstrates the value of setting aside those
rivers and managing them? This was Jeff Pierce’s
comment in his letter to us. Otherwise, we’re just
stuck in this situation. Maybe NDAs could be used,
we’re using them in the squid fishery and so forth,
so just a suggestion. That might be one way to get
around it.

DR. DREW: | mean obviously, ASMFC defers to the
states. We follow the states rules about
confidentiality in that respect. You know, if Maine
wanted to pursue that we would certainly be wiling
to be bound by whatever you would like on that
front. But that is really a state issue.

MR. KAELIN: Kind of suggestion to Pat, | don’t know
if that is reasonable or not.

CHAIR FEGLEY: Okay, so Pat, do you want to follow
up on that, and then Doug, I'll go over to you.

MR. PATRICK C. KELIHER: Just very quickly, Madam
Chair. I think it’s important to point out that while
the information may not be public, right, we’re still
utilizing that information. We understand what the
Zs are within all of these systems, and the benefit of
the runs, how they’re growing. |just want to
correct one thing. They are not owned by any
individual. These are municipal fisheries that still fall
under the state of Maine’s management
prerogative.

They still have to have their harvest plans approved
by DMR before they can proceed with fishing. As
you know, Jeff, we’ve got very strict, well we all

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
The Board will review the minutes during its next meeting.



Draft Proceedings of the Shad and River Herring Management Board — August 2024

have the same, basically with confidentiality
laws the rule of three applies. Whether we’ve
got an NDA, a Non-Disclosure Agreement or
allow them to disclose it. We couldn’t force
them to do that. | think at the end of the day,
and | was going to say this earlier, Madam
Chair, as far as these.

We're seeing very different responses up and
down the coast. Look at Dr. Davis’s comment
earlier about how much work is happening in
Connecticut and what you’re seeing for
responses versus what we’re seeing for
responses in northern New England and Maine.
We've got high Zs, we had 7 million fish in
Benton.

Right and to Mike Brown’s comment to me as
we were preparing for this meeting goes, Z that,
baby, right, 7 million fish. It's made up of, it's a
young run. Anyway, I'll stop there, but | think
I’'m comfortable with the approach that we’re
taking, only because the information is going
into the assessments. Yes, it is protected by
confidentiality, but it is a key bit of information
that is used to assess the runs.

CHAIR FEGLEY: Great, thank you. Doug Grout.

DR. JORDAAN: Can | follow up with one small
comment?

CHAIR FEGLEY: Sure, quickly.

DR. JORDAAN: Thank you, Madam Chair. This is
really about the comment about the majority of
bycatch or majority of mortality coming from
bycatch of that its fishing mortality, and that is
because the orange bars currently are really
only from Maine, and so it’s really a geographic
outlook, and not as specific in terms of actual
numbers.

Acknowledging however, that those bycatch
numbers that are being offered there are
certain to be underestimates. | think that we
recognize that Maine is a bit of its own story
here, living with a high Z and very productive,

whereas other places don’t have that directed
harvest that are still subject to the discard
mortality.

CHAIR FEGLEY: Okay, Doug Grout.

MR. DOUGLAS E. GROUT: Just a question. When did
the NEFOP program begin? Was it the late eighties
early nineties? Really, we just have no idea prior to
that what any bycatch was. | know we had a lot
more small mesh fisheries back then, so it
potentially could have been even higher back in
some of the earlier years. Is that correct?

DR. DREW: Yes. The NEFOP Program, the estimates
start in 1989 for the gillnets and the otter trawls,
but the small mesh midwater trawls are not really
considered reliable until 2005, where they make the
changes to how they do high volume fishery
samples. Yes, the coverage was much lower, and
the CDs under the estimates are much higher, and
did not exist prior to really 1989, so for sure.

CHAIR FEGLEY: | hate to do it, but | had one
guestion, and maybe it’s a spot question for later,
or maybe if it is worthwhile we can hear about it at
our next meeting. But | am intrigued by the idea of
the Sentinel River, and I’'m trying to understand if
you could help us understand, how to best pick
those rivers. What do they do? Which ones would
be worth throwing our research into. If you could
answer it really quickly that’s great. Otherwise,
maybe we can table that until later.

DR. DREW: 1think that was specifically a Peer
Review Panel recommendation, so the TC and SAS
have not really fully thought about it. We were just
like, increase monitoring everywhere. But they had
the more targeted idea, so maybe | would defer to
Adrian on that question.

DR. JORDAAN: That is such a good question,
Madam Chair. You know | would probably defer to
the states who have the best knowledge. | mean |
could pick my like five favorite runs from the
northern part of the range. But | think that it would
be really much more probably effective to work
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through the state agencies responsible for
managing those populations.

| think that going back to some comments
earlier, it would be really nice if some of those
were also harvested runs with whatever
agreements needed to be put in place, and then
really geographic spread. |think that is one of
the things if you look at the maps earlier on, are
really lacking some of that, especially in the
southern part of the range. It would be nice to
have, | mean | don’t know what the magic
number is, two per state, three per state, that
had a little bit of dedicated effort. | would
really want the states, | think, to weigh in on
which ones of their runs are most likely to be
able to be worked in that kind of way. It’s not
every system and it is certainly not every
location. I think it would need some local
knowledge.

CHAIR FEGLEY: Okay, Justin.

DR. DAVIS: | appreciate the second bite at the
apple, given the late hour. | just wanted to put
the idea out there that from my perspective,
I’'m a little concerned with the idea that | think
has sort of been floated around in various
discussions around this, that because of what is
happening in the Atlantic herring and mackerel
fisheries, for the unfortunate reality there that
bycatch is sort of something we don’t have to
worry about anymore, and those fisheries are
generally for river herring.

Certainly, there is going to be less directed
effort in those fisheries, but those are not the
only fisheries that river herring bycatch occurs
in. For instance, | think there is a fair amount of
bycatch in the small mesh bottom trawl fishery.
Even if in recent years levels of bycatch in
aggregate have been something like 750,000
fish annually, | think was the number | saw.

There is good reason to believe from genetic
evidence for just how the fishery is performing
that that bycatch is disproportionately
concentrated in space and time in such a way

that it is impacting southern New England runs. Our
runs in Connecticut, most of them now are not even
measured in the thousands of fish, it's hundreds of
fish.

Even a couple hundred thousand fish being
removed that are from Connecticut origin runs is
not an insignificant impact. | think we just need to
continue to pay attention to the bycatch issue. |
appreciated the sort of mentions throughout the
stock assessment in the presentation today about
the importance of needing to continue to work on
that issue.

CHAIR FEGLEY: Eric Reid.

MR. ERIC REID: There was a lot of discussion about
at-sea mortality and a lack of monitoring. Do any of
you know why there is a lack of monitoring?

DR. DREW: Part of it is COVID, part of it is budget
restrictions, part of it is, these are fisheries that
there is not a lot of effort directed towards them
anymore, and so the total amount of effort, of trips
available to be sampled is lower in the herring and
mackerel fleet going forward.

MR. REID: Okay, | agree with that. But the other
part of that is, the way some of these bycatch caps
are measured is from X amount of trips over X
amount of time. The fleet itself that prosecutes the
directed fishery wants observer coverage. Nobody
is trying to avoid observer coverage, because in
some cases we are working on X amount of trips, |
think it’s 5. Isit 5 orit’s 3? | think it's 5, some odd
number. They go back in time more than a year
because we can’t get observers to observe current
trips, to analyze what is happening now as opposed
to what has happened. You know that effect will
linger, even though now. There has been really no
directed fishery in southern New England for
herring in a few years. We’re still working on very
old data, and if we went out and never caught a
herring, we would still be under the rule of 5 trips
over X amount of time to calculate what that is.
That is a real concern to us, because we want to
carry observers. There are certain areas in the
directed herring fishery, | can’t remember if it’s
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Area 3 or 1B, that you cannot go fishing unless
you have an observer onboard, and those areas
are pretty lightly fished, because they won't
give us observers.

| just want to be very clear that the industry
itself that is in this fishery really wants to have
observer coverage to do the right thing, do the
right calculations. But we can’t get them, so
don’t think we’re avoiding observers in any
way, shape or form. | agree with your answer,
but the other answer is, | don’t know why we
can’t get them. That’s another question | can’t
answer. My 50 percent probability of having a
question | can’t answer. Anyway, thank you.

CHAIR FEGLEY: Thank you for that, Eric Reid,
and Jeff Kaelin, can you make it quick?

MR. KAELIN: Yes, just quickly. | appreciate Eric
bringing this up, because we’ve actually asked
the Science Center to allocate the small number
of days in the midwater trawl fleet, for
example, and it’s a small number of days,
because there is not a lot of discards, right
that’s what drives it. But the flexibility has been
removed from the SPRM program by the
Oceana law suit, and we’re being told by the
Science Center, well, they don’t have the
flexibility to put the days where we need them,
basically, you know the spring time for example.

That is a problem we just haven’t been able to
resolve. Cheri knows, as the Chair of the
Herring Committee that we brought this up.
We talked to the Science Center, but there just
doesn’t seem to be a lot of flexibility left to
allocate those days in that way, which is really a
conundrum. Because if we had those observed
days, we would be able to observe clean trips.

There are clean trips, and balance out the
factors that lead to closures, and there have
been closures in herring and mackerel as a
result. We have trouble allocating the days for
time and areas where they should be on the
boats. As Eric said, we haven’t caught any

herring in southern New England for a long time.

CHAIR FEGLEY: Thank you, Jeff, | really appreciate
that conversation. Okay, so | know we have one
member of the public online, and | think what |
would like to ask Ms. Evans, and it’s because of the
late hour, if you wouldn’t mind reaching out to staff
with your question on e-mail. | think that would
really help us. We still have a couple things we need
to take care of here, and it’s getting late.

CONSIDER THE ACCEPTANCE OF THE BENCHMARK
STOCK ASSESSMENT AND PEER REVIEW REPORT
FOR MANAGEMENT USE

CHAIR FEGLEY: Moving on, our next agenda item is
to Consider the Acceptance of the Benchmark Stock
Assessment and Peer Review Report for
Management Use. For this | would need a motion. |
think John Clark.

MR. JOHN CLARK: | would be glad to make a
motion, Madam Chair, oh there we go. Move to
accept the 2024 River Herring Benchmark Stock
Assessment and Peer Review Report for
management use.

CHAIR FEGLEY: | have a second from Cheri
Patterson. Is there any discussion on the motion?
All right, any public comment on the motion? Is
there any objection to the motion? Excellent, so
thank you all very much for your great work that
has been accepted, and we’ll move on to the last
bullet, which is to Consider Management Response
if Necessary. | will defer that to the Board, | am not
under the impression that there is a desire to take
management action based on this, but if somebody
wants to say otherwise, please do.

Okay, we have a new stock assessment, we are not
currently taking management, and a lot to think
about, I will say.

OTHER BUSINESS

CHAIR FEGLEY: Okay, finally, we are at Other
Business. Any other business to come before the
Board?
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ADJOURNMENT

CHAIR FEGLEY: I’'m going to have to beg for this
one, a motion to adjourn. All right, meeting
adjourned, thank you, everyone.

(Whereupon the meeting adjourned at 5:53
p.m. on Wednesday, August 7, 2024)
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Shad & River Herring Technical Committee
Meeting Summary

September 23, 2024

Technical Committee Members: Wes Eakin (Chair, NY), Matthew Jargowsky (Vice-Chair, MD),
Michael Brown (ME), Ken Sprankle (USFWS), Patrick McGee (RI), Ruth Haas-Castro (NOAA),
Patrick McGrath (VA), Conor O’Donnell (NH), Reid Hyle (FL), Kevin Job (CT), Brian Neilan (NJ),
Holly White (NC), Brad Chase (MA), Jeremy McCargo (NC), Kyle Hoffman (SC),

ASMFC Staff: James Boyle and Katie Drew

The TC met via webinar on September 23, 2024, to review updates to the Sustainable Fishery
Management Plans (SFMPs) for river herring from New Hampshire and Maine, as well as
updates to the SFMPs for American shad from Massachusetts and Connecticut. The Maine and
New Hampshire updates also included proposals to change and reopen their fisheries,
respectively.

1. New Hampshire River Herring SFMP Update and Proposal to Reopen Fishery

Conor O’Donnell presented an updated New Hampshire SFMP for river herring, as well as a
proposal to reopen the fishery. The new SFMP includes updated instantaneous mortality rates,
standard error calculations for Visual Time Counts, and an added figure of a juvenile abundance
index from the state’s juvenile seine survey. The TC did make a request for New Hampshire to
add some of the river specific results from the 2024 River Herring Benchmark Stock Assessment
to the SFMP. The TC recommended the updated plan for approval by consensus.

Along with the updated SFMP, New Hampshire submitted a proposal to reopen the river
herring fishery, which was closed in 2021 due to low spawning run counts in 2019 and 2020.
With new passage estimates in the Exeter River, the Great Bay indicator Stock in New
Hampshire has been above the fishery-independent target escapement level of 94,598 fish for
the past four years. However, the Technical Guidance on the Implementation of Amendments 2
and 3 to the Shad and River Herring Fishery Management Plan contains a TC recommendation
that states:

“If a state has implemented a management restriction in response to the stock falling below the
sustainability target(s), the management restriction must stay in place until the sustainability
target(s) have been met for at least 5 consecutive years of sufficient data collection” (pg. 8).

Sustainable and Cooperative Management of Atlantic Coastal Fisheries
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With the exception of the Cocheco River, the proposal requested to open the state fishery for
the upcoming 2025 fishing season, which is one year earlier than the recommended five-year
closure. The proposal states that the reasons for the low spawning run counts in 2019 and 2020
were primarily driven by errors in counting, rather than true declines in river herring
abundance. Specifically, New Hampshire notes that there were issues with quantifying river
herring in both the Cocheco and Exeter Rivers. In the Cocheco River, equipment failure and
fishway modifications led to a loss of efficiency and inaccurate electronic fish counting. In the
Exeter River, the majority of river herring are utilizing restored spawning habitat between the
former Great Dam and Pickpocket Dam and not accessing the habitat above Pickpocket Dam
fishway, where the new electronic counting station was installed after the Great Dam removal.

The TC was unable to reach a consensus on whether to recommend for or against New
Hampshire opening their fishery a year earlier than recommended. The TC is hesitant to go
against previously established technical guidance, but the they also acknowledge that it is
unclear whether the decreases in spawning run counts in 2019 and 2020 were true reflections
of abundance or due to methodology.

2. Maine River Herring SFMP Update and Proposal for Additional Fisheries

Michael Brown presented an updated Maine SFMP for river herring, which included the
addition of five additional commercial fisheries: Sewall Pond, Wights Pond, Chemo Pond,
Pennamaquan Lake, and Pushaw Lake. The plan includes updated fishery independent surveys;
a recalculated 25th percentile metric; updated Z estimates from the 2024 River Herring
Benchmark Stock Assessment; and an added age range requirement, all of which are to be used
as management triggers. Of the five new commercial fisheries that were requested to be
opened, Sewall and Wights Pond were provisional fisheries approved from 2019-2024, Chemo
Pond and Pushaw Lake were added due to significant improvements as a result of restoration
efforts, and Pennamaquan Lake previously supported a fishery prior to the moratorium in 2012.
The TC recommended the updated plan for approval by consensus.

3. Massachusetts American Shad SFMP Update

Brad Chase presented an update to the Massachusetts SFMP for American shad. There were no
significant changes to the previous SFMP other than the addition of a description of stocking
efforts in the Taunton River. Over 5 million shad larvae have been stocked each year from 2022-
2024 in collaborative effort with USFWS. This fishery is solely a recreational fishery. The TC
recommended the updated plan for approval by consensus.

4. Connecticut American Shad SFMP Update

Kevin Job presented an update to the Connecticut SFMP for American shad. No significant
changes were made from the previous SFMP. Connecticut has a recreational fishery and small
commercial fishery. The fishery is managed using a stop light approach. Harvest from both



fishing sectors has declined over time, with most anglers now targeting striped bass. The TC
recommended the updated plan for approval by consensus.

5. Review of Technical Guidance on Incorporation of Stock Assessment Information into
SFMPs

The TC revisited their previous recommendation (pg. 9) not to recommend requiring
jurisdictions to use the stock assessment information to develop sustainability metrics for
SFMPs (e.g. benchmarks based on total adult mortality). While they did not express interest in
recommending changes to state requirements to maintain flexibility for states to account for
regional differences, the TC will amend the Technical Guidance document to include specific
recommendations on how states should include stock assessment metrics in future SFMP
updates.

6. Other Business

Matthew Jargowsky informed the TC of Maryland’s plan to change their age sampling. Since
2016, Maryland has been taking a subset of both otoliths and scales for river herring, with plans
to eventually transition to otoliths. The only active spawning stock survey in Maryland is the
North East River spawning stock survey that started in 2012; however, Maryland is in the
process of developing an additional spawning stock survey for river herring and is planning to
start that survey collecting the preferred aging structure. Currently, for the North East River,
Maryland has been aging up to 300 scales per species per year and collecting up to 100 otoliths
per species per year (~80 and ~50 per year for alewife and blueback, respectively). Starting in
2025, for each survey, Maryland would sample up to 200 otoliths per species per year.
Sampling collection would be based on length bins to facilitate the use of ALKs. Maryland will
also begin aging all previously collected otoliths, so that age and mortality estimates from
2016-2024 can be compared. This will be completed by the next river herring stock
assessment update.

Additionally, Maryland has been taking both fork and total length measurements for river
herring, but will be switching to just taking total lengths since that was the preferred
measurement in the most recent stock assessment. Maryland will continue to only collect/age
scales for American shad due to sampling constraints.
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September 1, 2024

James Boyle

FMP Coordinator

Atlantic States Marine Fisheries Commission
1050 N. Highland St., Suite 200 A-N
Arlington, VA 22201

Ref: Reopening New Hampshire’s River Herring Fishery
Dear Mr. Boyle,

The Atlantic States Marine Fisheries Commission’s (ASMFC) Amendment 2 to the Interstate
Fishery Management Plan for Shad and River Herring calls for states to close recreational and
commercial river herring fisheries with an exception for coastal riverine/estuary management
systems with a sustainable fishery and an ASMFC approved plan. New Hampshire’s (NH)
Sustainable Fishery Management Plan (SFMP) for river herring was initially approved by the
ASMFC in 2011 and updated and approved in 2020. The proposed SFMP has two separate
targets, one fishery-dependent (Figure 1) and one fishery-independent (Figure 2). The fishery-
independent target is a 3-year average return to NH’s Great Bay Indicator Stock (Cocheco,
Lamprey, Oyster, and Exeter rivers) of 94,589 spawning river herring (Table 1). Upon analyzing
NH’s 2019 anadromous fish passage data it was determined NH was currently out of compliance
of the fishery-independent target in NH’s River Herring SFMP, resulting in a closure of the river
herring fishery in 2021.

There were three reasons for NH’s low river herring spawning run counts in 2019 and 2020:

1) Environmental: Low water temperatures during the early part of spawning
season. Once water temperatures reached favorable levels river flows were
significantly decreased.

2) Cocheco River Fishway: Equipment failure and fishway modifications at the
Cocheco River fishway led to loss of efficiency and decreased river herring
passage. Many river herring were observed in the fishway but could not be
accurately counted due to poor flow within the modified fishway resulting in
inaccurate electronic fish counting.



3) Exeter River fish passage: Fish passage counts at the Pickpocket Dam fishway
on the Exeter River were low despite thousands of ascending river herring
observed in the vicinity of the former head-of-tide Great Dam and associated
fishway, which was removed in 2016. The Pickpocket Dam is located 13.4 km
upstream of the former Great Dam location. The reasoning for such low counts
at the next upstream fishway is that the majority of river herring are utilizing
restored spawning habitat between the former Great Dam and Pickpocket Dam
and not accessing the habitat above Pickpocket Dam fishway where the
electronic counting station was installed.

In response to challenges accounting for spawning river herring in the Exeter River after the
Great Dam removal, and the low river herring returns in the Cocheco River after fishway
modifications were made, the NH Fish and Game Department (NHFGD) began using a different
monitoring method in 2021. Visual time counts at the former Great Dam site were initiated to
more accurately estimate the spawning river herring ascending the Exeter River near the head-of-
tide and converted the Cocheco River fishway back to the more successful previous operational
processes.

Through improved fish passage counting estimates in the Exeter River, the Great Bay Indicator
Stock has exceeded the proposed fishery-independent target of 94,589 river herring, for the last
four years. NHFGD will propose to keep the Cocheco River closed to recreational/personal use
and commercial river herring harvest (harvest levels in Tables 2 and 3) while improvements to
fishway passage continue and returns increase. The remaining rivers of the Great Bay Indicator
Stock will support harvest opportunities while meeting NH’s fishery-independent sustainability
target as outlined in the River Herring SFMP. River herring harvest on the Cocheco River has
historically been minimal, less than 20 pounds between 2013 and 2020, and likely will not
increase fishing pressure on other rivers in the Great Bay Estuary.

With the exception of the Cocheco River, NHFGD is requesting to open its river herring fishery
for the 2025 season as the returning river herring in the Great Bay Indicator Stock have
surpassed the fisheries-independent target for four consecutive years and can support the
traditional commercial and recreational fisheries without diminishing potential future stock
reproduction and recruitment.

If you have any questions regarding this proposal to reopen NH’s river herring fishery feel free
to contact Conor O’Donnell at (603) 868-1095 or Conor.ODonnell@wildlife.nh.gov.

Sincerely,

Cheri Patterson
Chief of Marine Fisheries

cc: Renee Zobel, Marine Program Supervisor
Conor O’Donnell, Marine Biologist
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Table 1. Numbers of river herring returning to fishways on coastal rivers of New
Hampshire, 1972-2023, and preliminary returns of 2024.

- Cocheco | Exeter Oyster | Lamprey | Taylor | Winnicut | Annual
River River River River River River Total

1978 1,925 205 419 20,461| 168,256 3,229++| 194,495
1979 586 186 496 23,747 375,302 3,410™| 403,727
1980 7,713 2,516 2,921| 26,512 205,420| 4,393"| 249,475
1981 6,559 15,626 5,099| 50,226/ 94,060 2,316™| 173,886
1982 4,129 542 6,563 66,189| 126,182 2,500"| 206,105
1983 968 1 8,866 54,546 151,100 +| 215,481
1984 477 5,179 40,213| 45,600 + 91,469
1985 974 4,116| 54,365| 108,201 +| 167,656
1986 2,612 1,125| 93,024| 46,623| 117,000 1,000 261,384
1987 3,557 220| 57,745 45,895 63,514 +| 170,931
1988 3,915 73,866 31,897| 30,297 +| 139,975
1989 18,455 38,925 26,149 41,395 +| 124,924
1990 31,697 154,588| 25,457| 27,210 +| 238,952
1991 25,753 313| 151,975 29,871 46,392 +| 254,304
1992 72,491 537| 157,024 16,511 49,108 +| 295671
1993 40,372 278| 73,788 25,289 84,859 +| 224,586
1994 33,140 *| 91,974 14,119 42,164 +| 181,397
1995 79,385 592| 82,895 15,904 14,757 +| 193,533
1996 32,767 248| 82,362| 11,200/ 10,113 +| 136,690
1997 31,182 1,302| 57,920 22,236 20,420 +| 133,060
1998 25,277 392| 85,116| 15,947 11,979 219 138,930
1999 16,679 2,821 88,063 20,067| 25,197 305 153,132
2000 30,938 533| 70,873| 25,678| 44,010 528| 172,560
2001 46,590 6,703 66,989 39,330 7,065 1,118| 167,795
2002 62,472 3,341 58,179| 58,065 5,829 7,041 194,927
2003 71,199 71| 51,536 64,486 1,397 5,427| 194,116
2004 47,934 83| 52,934| 66,333 1,055 8,044| 176,383
2005 16,446 66| 12,882 40,026 233 2,703 72,356
2006 4,318 16 6,035 23,471 147 822 34,809
2007 15,815 40| 17,421| 55,225 217* 7,543| 96,261
2008 30,686 168| 20,780 36,247 976 8,359| 97,214
2009 36,165 513| 11,661| 42,425 * 4,974| 95,737
2010 32,654 69| 19,006/ 33,327 675 576" 86,307
2011 43,090 256 4,755| 50,447 59 72t 99,338
2012 27,608 378 2,573 86,862 92 57 117,518
2013 18,337 588 7,149| 79,408 128 0| 105,610
2014 29,968 789 4,227| 84,868 57 o| 119,909
2015 64,456 5,562 1,803 69,843 * 0| 141,664
2016 99,241 6,622 863| 92,364 * ol 199,090
2017 28,926 - 4,492| 35,920 * o| 69,338
2018 24,743 32 5,716| 50,884 * 53| 81,428
2019 1,682 28 4,969| 34,684 * o 41,363
2020 3,832 17 4,655 56,632 * ol 65,136
2021 2,117| 167,400 9,976 80,567 * 5 260,065
2022 4,452| 273,228| 11,272| 77,285 * 0| 366,237
2023 6,143| 234,948 8,936 59,793 * 0 309,820
2024 77,597 115,236 10,797| 101,830 * 0 305,460

* Swim through operation.

** Due to fish counter malfunction there was up to two weeks where passing fish were not enumerated.
*** Sea lamprey inundation caused fish counter to false count.

+ Fishway unable to pass fish until modifications in 1997.

++ Fish netted below and hand passed over Winnicut River Dam.

+++ Minimum estimate based on time counts, fishway/dam removed in fall 2009.

2024 data is preliminary as of 7/2024.



Table 2. New Hampshire’s reported coastal harvest landings (pounds) of river herring
(alewife and blueback herring) from 1991 to 2024.

Year Harvest (Ibs)
1990 15,513
1991 8,402
1992 9,772
1993 2,131
1994 1,940
1995 5,138
1996 4,003
1997 9,168
1998 25,993
1999 19,049
2000 22,141
2001 14,129
2002 13,617
2003 16,516
2004 9,093
2005 1,514
2006 1,716
2007 1,408
2008 7,669
2009 9,439
2010 7,466
2011 4,094b
2012 2,681
2013 4,4812
2014 5,737¢
2015 7,566¢
2016 4,354¢
2017 4,016¢
2018 4,398¢
2019 11,326¢
2020 7,964¢
2021 0
2022 0
2023 0
2024 0

4 River herring harvested by New Hampshire coastal harvesters for personnel use and for sale.
b River herring harvested by New Hampshire coastal harvesters for personnel use and for sale plus NMFS
reported landings from federal waters.

c 5. . .
- River herring harvested by New Hampshire coastal harvesters for personnel use.



Table 3. Reported commercial harvest (metric tons and pounds) of river herring landed in
New Hampshire from the NOAA Fisheries, 1957-2023.

Year lginte Pounds
Tons
1957 34 75,000
1958 27.2 60,000
1959 36.3 80,000
1960 43.1 95,000
1961 45.4 100,000
1962 56.7 125,000
1963 68 150,000
1964 34 75,000
1965 56.7 125,000
1966 34 75,000
1967 29.5 65,000
1968 18.4 40,600
1969 17 37,500
1970 14.1 31,000
1971 11.3 25,000
1972 10.9 24,000
1973 9.8 21,500
1977 95.3 210,000
1978 74.8 165,000
1982 51.9 114,500
1983 52.3 115,216
1984 40.8 90,000
1985 27.8 61,300
1986 12.2 26,990
1987 8.9 19,550
1988 55 12,087
1989 51 11,200
1992 4.4 9,802
1993 1.2 2,676
1998 11.8 25,994
2007 0.6 1,408
2008 3.7 8,132
2009 4.3 9,439
2010 3.4 7,466
2011 1.9 4,113
2012 1.2 2,681
2013 2 4,420
2014 0 0
2015 0 0
2016 0 0
2017 0 0
2018 0 0
2019 0 0
2020 2.7 5,850
2021 0 0
2022 0 0
2023 0 0
Grand Total 958.2 2,112,405
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Figure 1. Fishery-dependent target. Harvest level (3yr averages) that results in an exploitation
rate that does not exceed 20% of the Great Bay Indicator stock, providing 80% escapement.
[2024 data is preliminary as of 7/2024]
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Figure 2. Proposed fishery-independent target. Three-year average returns to NH coastal
rivers, with an escapement level of 216 fish per surface acre of available spawning habitat
(94,589 fish). [2024 data is preliminary as of 7/2024]
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Executive Summary

Introduction

The Atlantic States Marine Fisheries Commission’s (ASMFC) Amendment 2 to the Interstate
Fishery Management Plan for Shad and River Herring (FMP) calls for states to close recreational
and commercial river herring (Alewife Alosa pseudoharengus and Blueback Herring 4.
aestivalis ) fisheries with an exception for systems with a sustainable fishery. The FMP defines
a sustainable fishery as one “that demonstrates their alewife or blueback herring stock could
support a commercial and/or recreational fishery that will not diminish potential future stock
reproduction and recruitment.” States and jurisdictions are required to develop sustainability
targets with substantiated data, which “may include, but is not limited to, repeat spawning ratio,
spawning stock biomass, juvenile abundance levels, fish passage counts, hatchery contribution to
stocks and bycatch rates.”

The unique ecosystem interactions found within a state or jurisdiction allow targets to be
“applied state-wide or can be river and species specific.” New Hampshire is proposing to use the
extensive monitoring data from New Hampshire’s largest estuary, the Great Bay Estuary System,
to evaluate whether river herring stocks can continue to support a commercial and/or recreational
fishery that will not diminish potential future stock reproduction and recruitment. River herring
harvest in the Great Bay Estuary (Estuary) accounts for 95-100% of the statewide harvest. In
addition, New Hampshire Fish and Game (NHFGD) monitors river herring spawning stock
returns at fish ladders on four of the seven major rivers in the Estuary and monitors juvenile
abundance on an estuary-wide basis via a seine survey. Finally, the Estuary’s unique
geographical characteristics lend itself to monitoring the systems resource as a whole rather than
on a river-specific basis. The Estuary includes seven small to moderate size rivers with most
flowing into a large embayment (Great Bay and Little Bay) before draining into a narrow, 15 km
long opening to the sea via the Piscataqua River.

Current Regulations

The first law protecting river herring in New Hampshire state waters was enacted in 1967. This
law required that any resident wishing to harvest river herring using a seine, net, or weir to
obtain a license through the NHFGD. Furthermore, in 1987 regulations prohibiting the taking of
river herring on Wednesdays was established to provide a day of escapement from the fishery.
In 2005, prior to adoption of Amendment 2, NHFGD took significant management action to
reduce river herring harvest in the state. First, in the Exeter River, allowable harvest days were
reduced from six to two days per week and a one fish tote per day possession limit was
implemented. This action was taken following seven years of substantial increases in the river
herring harvest in this river that accounts for the vast majority of the statewide river herring
harvest. Second, a large portion of the Taylor River in the Hampton-Seabrook Estuary System
was completely closed to the taking of river herring following long term and persistent declines
in the river herring run. In 2012, the Oyster River was closed to the taking of river herring by
any method from the head-of-tide dam at Mill Pond to the mouth of the river at Little Bay. This
was in response to diminishing returns of river herring to the Oyster River fishway. These
actions resulted in a significant reduction in statewide river herring harvest. Table 1 shows a
summary of river herring regulations, prior to 2021 closure, including special river restrictions.



Current Status of Stocks

River herring stocks are managed on a statewide level within New Hampshire state waters by
monitoring annual spawning runs and harvest from fisheries. Annual spawning runs (returns) of
river herring have been monitored on six of the major coastal rivers, which demonstrate inter-
annual variability in return numbers (Table 2). With the exception of return estimates produced
in 1979, there was a period of high abundance in the 1990’s with nearly 300,000 fish returning to
spawn, before gradually declining to levels between 100,000 and 200,000. In recent years, river
herring spawning returns have been trending upwards of 300,000 fish, likely in response to
newly restored spawning habitat, fishway modifications, and better accounting of spawning run
in the Exeter River. Estimates of the total instantaneous mortality rate (Z) have shown an overall
stable or slightly decreasing trend (Table 3) and the percentages of repeat spawning fish in the
rivers monitored in the Great Bay Estuary have ranged from 32% to 52% for all rivers combined
since 2000 (Tables 4 and 5).

Changes in return numbers are most pronounced in the Oyster River where the number of
returning fish increased steeply between 1986 and 1992 from less than 9,000 fish per year to
more than 150,000 fish, followed by a steady, long term decline to less than 1,000 fish in 2016
(Table 2). The declines in recent years may be related to poor water quality with low dissolved
oxygen levels that have been measured during the summer months in the impoundment behind

the fish ladder.

In the Exeter River, returns of spawning river herring past the head-of-tide dam (Great Dam) had
been constrained by the inefficiency of the fish ladder. Significant spawning activity had been
observed below the fish ladder and reported harvest below this spawning area (Tables 6 and 7)
has consistently exceeded the ladder counts by large amounts indicating a much larger spawning
stock in this river than indicated by only ladder counts. The number of fish which reach and
spawn below the head-of-tide ledges were not quantified and therefore not included in the annual
return values, making return or escapement numbers a minimum estimate. The Great Dam and
associated fish ladder was removed in the fall of 2016. Over the next few years, fish passage
counts at the next barrier, Pickpocket Dam and associated fishway (located 13.4 km upstream of
the former Great Dam location), were low despite thousands of ascending river herring observed
at the restored river section near the former Great Dam. The reasoning behind such low counts is
that the majority of river herring are utilizing restored spawning habitat between the former
Great Dam and Pickpocket Dam and not accessing the habitat above Pickpocket Dam.

Currently, quantitative monitoring of river herring occurs at the former Great Dam location by
conducting daily visual time counts to provide an estimate of annual returns to the Exeter River.

In the Lamprey and Cocheco rivers, river herring returns numbers have varied greatly over the
years; building to a high time-series level exceeding 90,000 fish in 2016 (Table 2). Spawning
activity has also been observed occurring in significant numbers below the Lamprey River fish
ladder. At present, the number of fish that reach and spawn below both the Lamprey and
Cocheco river’s fish ladders are not quantified and therefore not included in the annual return
values, making return or escapement numbers a minimum estimate.

High flows existed in all coastal rivers during April or May in the years 2005-2007, reaching
“100-year flood” levels in 2006 and 2007. These high flows prevented river herring from



finding and ascending coastal fish ladders for significant periods during the spawning run
leading to the lowest return numbers through the fish ladders in three decades. During those
years, data obtained from the Great Bay Estuary juvenile abundance index seine survey exhibited
increases in the geometric mean occurrence of both river herring species (Table 8). This data
further suggests that return numbers determined by fish ascending fish ladders are a minimum
value and that non-quantified numbers of river herring are successfully spawning below head-of-
tide dams.

Sustainability Targets

River herring in New Hampshire are currently managed as a statewide management unit, but two
sustainability targets, one fishery-dependent and one fishery-independent, will be established
using exploitation rates and numbers of returning river herring per surface acre of available
spawning habitat in the Great Bay Estuary. This method was chosen because at least 95% of the
river herring harvest in New Hampshire occurs in this estuary and there are currently fish ladders
on five of the seven rivers in the Great Bay Estuary, each of which are monitored by the NHFG
annually (Tables 6 and 7). Historical monitoring of river herring runs within New Hampshire
have shown that the numbers of returning river herring to four rivers (Cocheco, Lamprey,
Opyster, and Exeter rivers) have accounted for greater than 80% of the returning fish enumerated
annually at fish passage structures on New Hampshire coastal rivers (Table 9). The Atlantic
States Marine Fisheries Commission Shad and River Herring FMP states that “Definitions of
sustainable fisheries and restoration goals can be index-based or model-based” and that “Member
states or jurisdictions could potentially develop different sustainability target(s) for river herring
based on the unique ecosystem interactions and...Targets can be applied statewide or can be
river and species specific.” Therefore, New Hampshire will be using the stocks of river herring
returning to the Cocheco, Lamprey, Oyster, and Exeter rivers in the Great Bay Estuary as an
indicator of statewide river herring abundance and refer to them as the ‘Great Bay Indicator
Stock’. Using an estuary-wide versus river-specific approach is the best suitable method due to
the physical/geographical characteristics of the Great Bay Estuary.

New Hampshire’s River Herring Sustainable Fisheries Management Plan (SFMP) will include
two separate targets, fishery-dependent and fishery-independent. The fishery-dependent target
will be a harvest level that results in a harvest percentage (exploitation rate) that does not exceed
20% 1in the ‘Great Bay Indicator Stock’, providing an 80% escapement level. Specifically, a
three-year running average of the total annual river herring harvest from throughout Great Bay
Estuary will be compared to a three-year running average of minimum annual counts of
spawning river herring returns documented via fish passage counts on the Great Bay Indicator
Stock rivers plus the annual harvest of river herring throughout the estuary system. This is a
very conservative target since the harvest from throughout the Great Bay Estuary (including
seven rivers, Great Bay, Little Bay, and Portsmouth Harbor) is being compared to river herring
return numbers counted at fish ladders on only four of the seven major rivers in Great Bay
Estuary which represents some fraction of the total spawning river herring in the Estuary each
year.

For development of the fishery-independent target, New Hampshire initially used historical
studies as a basis for the target used in Maine’s River Herring Sustainable Fishery Management
Plan that was previously approved by the Shad and River Herring Management Board. New
Hampshire has never conducted studies to determine ideal densities of fish per acre of available



spawning habitat, but the target was established based on studies conducted in the state of Maine
during the 1970’s and 1980’s along with other historical information of annual river herring
spawning runs in New Hampshire. Maine studies have indicated that an average return of 235
fish per surface acre and escapement rate of 35 fish per surface acre allows for adequate harvest,
escapement to maintain the run, and available broodstock to increase the run if desired. Using
that analysis-based minimum annual escapement of 35 river herring per surface acre, a target
value was calculated for the 207 acres of currently accessible spawning habitat in New
Hampshire. This escapement level would only provide a minimum of 7,245 river herring
returning to the Great Bay Estuary annually. New Hampshire believes that number would be
insufficient to maintain current population levels, thus a second approach of calculating half of
the mean annual return of river herring in the past 20 years was used to establish a proposed
fishery-independent target escapement level of 350 fish per surface acre of available spawning
habitat (72,450 fish).

Upon review of the New Hampshire’s 2011 River Herring SFMP, it was determined that the
available spawning habitat in New Hampshire was originally miscalculated using New
Hampshire’s Department of Environmental Services (NHDES) dam impounded water data that
was available at the time. The recent use of Geographic Information Systems (GIS) software
provided a more accurate value, increasing the available spawning habitat from 207 acres to 336
acres. A new escapement target of value of 216 fish per surface acre was calculated by using
half of the mean annual return of river herring (72,450 fish) divided by the corrected available
spawning habitat (336 acres).

Access to spawning habitat increased further with the construction of a new fish passage
structure in 2012 on the Lamprey River in the town of Durham, NH, bringing the total available
spawning habitat in New Hampshire up to 438 acres. Using an annual escapement value of 216
river herring per surface acre, a target value was calculated for the 438 acres of current
accessible spawning habitat in New Hampshire. The fishery-independent target escapement
level would require a minimum annual return of 94,589 river herring. This target remains
slightly above 50% of the mean annual river herring returns to the Great Bay Estuary since 1990.

Proposed Regulation Modification to Support Target

In response to low river herring spawning returns over the last few years in the Cocheco River
after fishway modifications in 2016, NHFGD is proposing to keep the Cocheco River closed to
recreational/personal use and commercial river herring harvest while improvements to fishway
passage continue and returns increase. The remaining rivers of the Great Bay Indicator Stock
will support harvest opportunities while meeting NH’s fishery-independent sustainability target.
River herring harvest on the Cocheco River has historically been minimal, less than 20 pounds in
recent years, and likely will not increase fishing pressure on other rivers in the Great Bay
Estuary.

Adaptive Management

The Department annually monitors, evaluates, and quantifies fish passage on five major coastal
rivers in New Hampshire (Cocheco, Oyster, Lamprey, Winnicut, and Exeter rivers); fishery-
independent information. The harvest of river herring is determined through mandatory
reporting of all fish taken by state permitted harvesters and through conduct of the federal



Access Point Angler Intercept Survey (fishery-dependent data). Both will be reviewed annually
to ensure that both sustainability targets are met within the Great Bay Indicator Stock. If the
fishery-dependent target is not met, then the state will use one or more of the following
management measures: 1) Add additional days or areas of prohibited harvest of river herring; 2)
Implement or lower a daily harvest limit for state-permitted harvesters; and/or 3) Implement a
daily catch limit for recreational anglers. If the fishery-independent target is not met, then the
state will implement a prohibition on harvest of river herring to all fisheries operating in state
waters. As a requirement of Amendment 2, the NH River Herring SFMP will be reviewed and
updated as necessary or every seven years.



1 Introduction

The purpose of this River Herring Sustainable Fishery Management Plan is to ensure river
herring populations in New Hampshire remain stable and fishing opportunities continue to exist.

New Hampshire's coastal rivers once supported abundant runs of river herring. They have been
denied access to historical freshwater spawning habitat since the construction of milldams as
early as the 1600s but more dramatically during the nineteenth century textile boom in many New
Hampshire coastal rivers. Barriers eliminated American shad and Atlantic salmon populations,
but river herring only declined in numbers because they utilized the small area of freshwater at
the base of dams during spring runoff for spawning.

Restoration of river herring populations in New Hampshire began with construction of fishways in
the late 1950s and continued through the early 1970s by the NHFGD in the Cocheco, Exeter,
Oyster, Lamprey, and Winnicut rivers in the Great Bay Estuary, and the Taylor River in the
Hampton-Seabrook Estuary. These fishways re-opened acres of freshwater spawning and
nursery habitat for American shad, river herring, and other diadromous fish.

2 ‘Great Bay Indicator Stock’ Management Area

Physical Description:

Amendment 2 to the Interstate Fishery Management Plan for Shad and River Herring states that
the unique ecosystem interactions found within a state or jurisdiction allow for targets to be
applied state-wide or can be river and species specific (ASMFC 2009). New Hampshire is
proposing to use the extensive monitoring data from New Hampshire’s largest estuary, the Great
Bay Estuary, to evaluate whether river herring stocks can continue to support a fishery that will
not diminish potential future stock reproduction and recruitment.

The estuary includes seven small to moderate size rivers with most flowing into a large
embayment (Great Bay and Little Bay) before draining into a narrow, 15 km long opening to the
sea via the Piscataqua River (Figure 1). NHFGD monitors river herring spawning stock returns
on four of the seven major rivers in the estuary and monitors juvenile abundance on an estuary-
wide basis via a seine survey. Analysis of juvenile river herring catch rates from the seine
survey (Table 8 and Figure 2) do not produce any significant correlations with annual ladder
returns, river herring harvest levels, or exploitation rates, likely due to the estuary-wide design
and the limited sampling rate in close proximity to river mouths during times of juvenile
emigration in the late summer/fall. Fish passage structures on the four monitored rivers allow
river herring access to approximately 438 surface acres of available spawning habitat. The
Estuary’s unique geographical characteristics lend itself to monitoring the river herring resource
as a whole rather than on a river-specific basis.

Description of Fishery:
River herring harvest in the Estuary accounts for 95-100% of the statewide harvest. The primary

harvest of river herring in New Hampshire is for personal use as bait by anglers and lobster
harvesters. The intensity of fishing effort and resulting harvest varies greatly between individual



rivers, although the methods for harvest are almost primarily cast nets, dip nets, and gill nets in
all locations. The annual river herring harvest numbers from the Great Bay Indicator Stock have
ranged from approximately 3,200 fish to 43,600 fish (Figure below and Table 6).

Great Bay Indicator Stock (3yr Averages)
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The exploitation rate is currently 0%, which is below the fishery-dependent target of 20% (Table
7) and the run is currently above the fishery-independent target of 216 fish per acre (Figure
below and Table 9).
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In addition, both the three-year repeat spawning percentage of 35% (65% R-0, 22% R-1, 10% R-
2, 3% R-3, 1% R-4; Tables 4 and 5) and the instantaneous mortality rates calculated from age



data using the Chapman-Robson method appear steady or slightly decreasing (Figure below and

Table 3).
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Table 10 and the Figure below shows a significant correlation (P=0.001) between mortality rates

and exploitation rates. Although there is a correlation between changes in the calculated
instantaneous mortality rate and the exploitation rate, the plot indicates that years of high
exploitation coincide with years of low mortality rate suggesting that the exploitation rate is
likely more dependent on the mortality rate than the mortality rate being dependent on the
exploitation rate.
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2.1 River Descriptions

New Hampshire’s coastal area contains two major estuaries with the Great Bay Estuary being the
largest. The following is a description of each river in the Estuary, a description of the river
herring fishery, and other factors related to river herring management.

2.1.1 Cocheco River
Physical Description of River, Watershed, and Impoundment:

The Cocheco River flows 48 km southeast through southern New Hampshire to Dover where it
confluences with the Salmon Falls River to form the Piscataqua River (Figure 1). The
Piscataqua River flows approximately 15 km to the sea. The Cocheco River drains a watershed
of 479 square km. The lowermost dam (4.6m high, built on a natural ledge for a total height of
8-10 m) on the Cocheco River is within the City of Dover, at tkm 6.1. This dam impounds an
area of 20 acres. A Denil fish ladder, which provides access for anadromous fish to
approximately 47 acres of potential spawning habitat, was constructed at the dam between 1969
and 1970 by NHFGD. The dam owner maintains a downstream migration structure, which was
replaced for increased efficiency in 2010 and modified again in 2017. The downstream passage
system is a PVC tube emptying in a plunge pool below the dam, which successfully passes
emigrating diadromous species when operating efficiently. The next barrier is a set of natural
falls located at rkm 10.6. It has never been studied to determine if river herring can ascend this
natural falls and continue migrating upriver a distance of 1.3 km to the Watson Dam in Dover,
NH, during normal flow conditions. However, there is no fish ladder at this dam and no fish
have been observed during occasional observations, but a downstream migration pipe is provided
by the hydroelectric facility to accommodate emigration of enhancement stocking in upper river
reaches.

Description of fishery:

The river herring fishery in the Cocheco River is very sporadic with very few fish harvested over
the course of the last several years (Figure below and Table 6). Total annual in-river harvest has
ranged from zero fish to approximately 600 fish (Table 7). Harvesters typically fish with cast
nets, dip nets, or gill nets. The Cocheco River is closed to fishing from the fish ladder at the
lowermost dam to the Washington Street Bridge, approximately 200 m downstream. Most of the
river herring harvest in the Cocheco River occurs from the Washington Street Bridge to
approximately 0.50 km downriver. In addition, there is a popular striped bass fishery that occurs
along this stretch of river where recreational anglers “snag” river herring to be used as live bait.
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Cocheco River (3yr Averages)
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The run is currently below the fishery-independent target of 216 fish per acre (Figure below and
Table 9); has a three year repeat spawning percentage of 36% (65% R-0, 18% R-1, 10% R-2, 5%
R-3, 1% R-4; Tables 4 and 5).
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The instantaneous mortality rates calculated from age data using the Chapman-Robson method
are trending slightly upward (Figure below and Table 3), and there is a significant correlation
(P=0.018) between mortality rates and exploitation rates (Table 10 and Figure 3).
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Ladder Efficiency, Spawning Area, and Water Quality:

Modifications made to the Cocheco River fishway trap conducted in the summer of 2015
allowed for the use of an electronic fish counter for the first time in 2016. This eliminated the
laborious task of netting and passing the entire anadromous fish run by hand. However,
following low returns in 2019 and 2020, NHFG consulted with US Fish and Wildlife Service fish
passage engineers regarding potential changes in operation. These changes consisted of
removing the two uppermost baffles within the fish trap to lower trap levels, provide more
resilience to varying impoundment levels, and provide more flow and attraction water down the
fishway. Finally, after low returns again in 2021 it was decided to remove all the structure
within the fish trap allowing for fish counter use. In 2022, the fishway was operated as it was
prior to the modifications in 2016. Currently there are no concerns with the upstream passage
efficiency of the existing fish ladder or the water quality throughout the spawning and emigration
season in the Cocheco River. Some spawning activity has been observed below the dam in
recent years.

2.1.2 Lamprey River
Physical Description of River, Watershed, and Impoundment:

The Lamprey River flows 97 km through southern New Hampshire to the Town of Newmarket
where it becomes tidal and enters the Estuary just north of the mouth of the Exeter River (Figure
1). The mouth of the Lamprey River in Great Bay is approximately 27 km inland from the
Atlantic coast. The Lamprey River watershed drains an area of 549 square km. It is the largest
watershed that empties directly into The Great Bay. The Macallen Dam, located at rkm 3.8 in
Newmarket, is the lowermost head-of-tide dam (8.2 m high) on the Lamprey River. A Denil fish
ladder constructed between 1969 and 1970 for anadromous fish by NHFGD allowed access to
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120 acres of potential spawning habitat. The 3.4 m high Wiswall Dam is located 4.8 km
upstream of the Macallen Dam and has a Denil fish ladder that was completed in January of
2012, which further increased the total available spawning habitat to 222 acres. The fish ladder
at Wiswall Dam is owned and operated by the Town of Durham, NH, with technical advice and
monitoring provided by NHFGD. This fishway provides access to another 5.8 km of river
habitat up to the next barrier to fish passage, a partially breached dam at Wadleigh Falls in Lee,
NH. There are no downstream passage facilities at the Macallen Dam and emigrating juveniles
and adults must pass over the spillway. Fish kills have not been observed below this dam
suggesting that adults emigrate with limited mortality.

Description of fishery:

River herring fishing activity is very sporadic and harvest at the Lamprey River in recent years
has been very low, usually less than 2,000 fish per year (Figure below and Table 6). Harvest is
reported using a variety of methods including: cast net, gill net, dip net, and weir. Primarily the
harvest occurs between approximately 70-500 m downstream of Macallen Dam. It is worth
noting that each spring there is a very popular striped bass fishery that occurs within 350 m
downstream of Macallen Dam and anglers “snag” river herring to use as live bait.

Lamprey River (3yr Averages)
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The run is currently above the fishery-independent target of 216 fish per acre (Figure below and
Table 9), has a three year repeat spawning percentage of 46% (54% R-0, 29% R-1, 14% R-2, 3%
R-3, 1% R-4; Tables 4 and 5).
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The instantaneous mortality rates calculated from age data using the Chapman-Robson method
are trending downward (Figure below and Table 3), and there is no significant correlation
between mortality rates and exploitation rates (Table 10 and Figure 3).
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Ladder Efficiency, Spawning Area, and Water Quality:

The run of river herring through the fishway each year tends to be mostly alewives. However,
each spring towards the end of the annual migration a large number of blueback herring
congregate just below the Macallen Dam. A small number of these blueback herring ascend the
fishway, but the vast majority spawn below the dam. The spawning area is approximately 0.40
acre in size. Above the Macallen Dam, there is a variety of spawning habitat available for both
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alewives and blueback herring with no observed water quality issues, so it is unclear why most
blueback herring spawn below the fishway/dam.

2.1.3 Opyster River
Physical Description of River, Watershed, and Impoundment:

The Oyster River begins in the town of Barrington, NH. The size of the Oyster River watershed
is approximately 67 square km. The Oyster River flows southeasterly approximately 27.5 km
through the towns of Lee and Durham and empties in Little Bay in the Great Bay Estuary (Figure
1). The mouth of the Oyster River lies approximately 19 km from the Atlantic Ocean. The
head-of-tide dam occurs at rkm 4.8 in Durham, NH. There is a Denil fish ladder at this dam that
was constructed in 1975. This fish ladder provides access to approximately 21 acres of potential
spawning habitat. The next dam on the Oyster River occurs at tkm 8.0 and is a barrier to river
herring passage.

Description of fishery:
Prior to the harvest closure in 2012, typically very little river herring harvest occurred in the

Opyster River, usually less than 800 fish per year (Figure below and Table 6). The limited harvest
that occurred was via dip net, cast net, or gill net.
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The run is currently above the fishery-independent target of 216 fish per acre (Figure below and
Table 9), has a three year repeat spawning percentage of 29% (72% R-0, 20% R-1, 6% R-2, 1%
R-3, 0% R-4; Tables 4 and 5).
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The instantaneous mortality rates calculated from age data using the Chapman-Robson method
appear steady or slightly increasing (Figure below and Table 3), and there is no significant
correlation between mortality rates and exploitation rates (Table 10 and Figure 3).
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Ladder Efficiency, Spawning Area, and Water Quality:

The numbers of river herring returning to the Oyster River fishway have been decreasing since
the mid 1990’s. One possible explanation for the decline is diminishing water quality in the Mill
Pond impoundment above the head-of-tide dam. Increasing eutrophication has been observed by
NHFGD staff over the past several years. Due to this eutrophication, oxygen levels could be
critically low while juvenile river herring are utilizing the impoundment as nursery habitat. In
addition, the Oyster River is used as a municipal water supply. In years when river flows are
lower than average very little water is observed flowing over the head-of-tide dam spillway.
River herring can only emigrate from this impoundment using the spillway and thus become
“trapped” in water with poor water quality in years with low flows.

2.1.4 Squamscott/Exeter River
Physical Description of River, Watershed, and Impoundment:

The Exeter River drains an area of 326 square km in southern New Hampshire. The river flows
east and north from the Town of Chester to the Town of Exeter and empties into the Estuary
northeast of Exeter (Figure 1). The head-of-tide occurs at the Town of Exeter and the saltwater
portion of this river is named the Squamscott River. The two lowermost dams (Great Dam) on
the mainstem Exeter River in Exeter at river kilometer (rkm) 13.5 were removed in the fall of
2016. The next barrier is the Pickpocket Dam at rkm 26.9 (4.6 km high). Removal of the Great
Dam and a Denil fish ladder at the Pickpocket Dam provide access to approximately 147 acres of
potential spawning habitat. The next barrier above Pickpocket Dam is a set of natural falls at
rkm 38.1. The mouth of the Squamscott River in Great Bay lies approximately 27.4 km inland
from the sea.

Description of fishery:

The river herring fishery that occurs in the Squamscott River is for personal use as bait for
lobster and striped bass. The majority of the fishing occurs approximately 125 m downstream of
the former Great Dam, northwest of the String Bridge. There is an elevated ledge constriction
point under the String Bridge where migrating river herring gather below in numbers to ascend
the ledge. This is the area harvesters focus fishing efforts. The gear types utilized by harvesters
include; cast nets, gill nets, dip nets, and wire baskets. Despite being legally limited to a two-day
fishery and a one-tote per day per angler limit, the Exeter River can still account for as much as
90% of the total New Hampshire harvest for river herring (Table 6).

In 2005, following a number of years of increased harvest in the Squamscott River, NHFGD
implemented changes to rules for river herring and shad in this river in order to reduce harvest
levels. These changes included implementing a one-tote harvest limit per day and increasing the
escapement days from one day per week to five days per week. Harvest levels since 2005 have
been reduced by roughly 50% of the levels observed between 1998 and 2003 (Figure below and
Table 6).
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The run is currently above the fishery-independent target of 216 fish per acre (Figure below and
Table 9) and has a three year repeat spawning percentage of 35% (66% R-0, 20% R-1, 10% R-2,
4% R-3, 0% R-4; Tables 4 and 5).
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The instantaneous mortality rates calculated from age data using the Chapman-Robson method
appear stable (Figure below and Table 3), and there is a significant correlation (P=0.001) between
mortality rates and exploitation rates (Table 10 and Figure 3).

19
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Ladder Efficiency, Spawning Area, and Water Quality:

The Exeter River was the only river monitored by the NHFGD that had available fresh water
spawning habitat located below the fishway. NHFGD constructed upstream fish passage
facilities (Denil fishways) on both dams from 1969 to 1971 for anadromous fish. Fish ladder
improvements occurred in 1994 and 1999 at the Great Dam fishway and a fish trap was
constructed at the exit of the fish ladder. In addition, improvements were made in the vicinity of
the ladder entrance to enhance attraction flow during normal river flow conditions. Despite work
to improve fish passage efficiency of the fish ladder at the Great Dam, the vast majority of river
herring spawned below the dam in an approximately 0.50-acre area of fresh water that occurs
between head-of-tide and the former Great Dam caused by an elevated ledge that prevents
saltwater incursion. River herring gathered in large numbers below the former Great Dam and
spawning was observed. These observations combined with relatively high levels of
documented harvest occurring each year below the former dam and the inefficiency of the fish
ladder in passing river herring indicated that escapement to spawn in this river was much higher
than measured by the number of river herring passing up river through the fish ladder. The
former Great Dam and associated fish ladder were removed in the fall of 2016 and fish were
observed freely passing the location in the spring of 2017. Work completed in the fall of 2017
allowed for comparable monitoring of the river herring reaching the Pickpocket Dam beginning
in 2018.

Over the following few years, fish passage counts at the Pickpocket Dam fishway on the Exeter
River were low despite thousands of ascending river herring observed near the former head-of-
tide Great Dam and fishway. Pickpocket Dam is located 13.4 km upstream of the former Great
Dam location. The reasoning behind such low counts is that the majority of river herring are
spawning in newly restored habitat between the former Great Dam and Pickpocket Dam and not
accessing the habitat above Pickpocket Dam fishway where the electronic counting station was
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installed. Therefore, new monitoring methods were adopted to estimate fish passage at the
former dam site. Beginning in 2021, quantitative monitoring of river herring occurs at the
former Great Dam site, by conducting daily 10-minute visual time counts during the fish
migration period using a random stratified sampling design as described by Nelson (2006). The
daily time counts are expanded over the course of a twelve-hour migration period, taking into
account passage over the ledges generally only occurs during a high tide. Daily totals are
summed to provide an estimate of annual river herring passage and associated standard error
(Table 11).

There is no downstream fish passage facility at the Pickpocket Dam so emigrating adults and
juveniles pass over the spillway when river flows allow. Poor water quality had been
documented in the critical nursery habitat above the former Great Dam prior to removal in 2016.
Periodic water quality monitoring had recorded low levels of dissolved oxygen (DO) between
the two dam locations in some years since 1995 (Smith et al. 2005; Langan 2004).

2.1.5 Other Rivers of Interest
Physical Description of Rivers, Watersheds, and Impoundments:

There are four other major rivers of interest in coastal New Hampshire that are not monitored
regularly by NHFGD. They are the Winnicut, Taylor, Bellamy and Salmon Falls rivers. The
rivers range in length from 14.6 km for the Winnicut to 61 km for the Salmon Falls. Watershed
sizes range from approximately 855 square km for the Salmon Falls to 28.6 square km for the
Taylor River.

The Winnicut River flows directly into the Estuary in Greenland, NH. The NHFGD operated a
Canada step-weir fishway from approximately 1957 until 2009 on the Winnicut River. During
the summer of 2009, the fish ladder and associated NHFGD owned dam were removed to restore
the Winnicut River. While the dam removal drained a 34-acre impoundment, a run-of-river
fishway was built just above the head-of-tide under a bridge constriction that is currently
ineffective at passing most fish species.

The Bellamy River enters the Estuary in Little Bay in Dover, NH. A partially breached timber
crib dam at the head-of-tide at rkm 6.9 was removed to restore diadromous fish habitat in 2004.
Since the removal, NHFGD staff had observed large numbers of river herring below the next
dam complex (two consecutive dams) approximately 0.6 km upstream. These two dams were
removed between 2018 and 2020. The first investigation of effective fish passage past these
former dams occurred in the spring of 2020.

The Salmon Falls River confluences with the Cocheco River at the head of the Piscataqua River
within the Estuary. The head-of-tide dam is located at approximately rkm 6.7. A Denil fish
ladder has been operated at this dam since 2002. The Salmon Falls River is a border river
between the states of Maine and New Hampshire and the fish ladder and associated hydroelectric
facility are on the Maine side, in the town of South Berwick. The hydroelectric operator is
responsible for operation and maintenance of the fish ladder with technical guidance by both
NHFGD and Maine Division of Marine Resources. The Denil fish ladder at the head-of-tide
dam provides river herring access to a 58-acre impoundment. New Hampshire harvest estimates
from the Salmon Falls River are minimal, with no reported harvest since 2014. The minimal

21



harvest and location of the fish ladder on the Maine side of the river in South Berwick, ME, were
considered justification for continuing to allow harvest in this river without direct annual
monitoring by NHFGD.

The Taylor River is located in southeastern New Hampshire and is about 17.1 km long. The
river begins on the border between Hampton Falls and Kensington, NH. It flows north, east,
then southeast through Hampton Falls where it meets tidal water at Interstate 95. The lowermost
6.4 km of the river forms the boundary between Hampton and Hampton Falls. The first dam is
located at rkm 3.2. There is a Denil fish ladder at this head-of-tide dam that was constructed in
1976. The next dam is a barrier to further fish passage and is located at rkm 5.1.

In December of 2014, the NHFGD submitted a proposal to the Atlantic States Marine Fisheries
Commission (ASMFC) to withdraw its monitoring requirement of the Taylor River under
Amendment 2 for the State of New Hampshire. The ASMFC Shad and River Herring
Management Board approved the proposal in February 2015. Since spring 2015, the Taylor
River fishway has been operated as a swim through with no regular monitoring or biological
sampling performed by NHFGD. The fishway will be opened each spring in late April and
closed in late June. Weekly visits by NHFGD staff to check for proper fishway operation will
still occur.

River herring runs on the Taylor River have declined considerably from over 100,000 fish in
1986 (Table 2). The major cause of the decline is likely eutrophication of the Taylor River
impoundment. The Taylor River fish run was estimated using a Smith-Root Model 1101
electronic fish counter. NHFGD staff made daily visits to the fishway during the migration to
perform calibration counts and collect biological samples of river herring, if possible. The last
time river herring were observed at the fishway was in 2008 when a total of seven fish were
sampled. In addition to declining river herring returns, the Denil fishway at the Taylor River
dam was constructed without a trap at the exit, which makes confirmation of fish passage
difficult.

Description of fishery:

The Bellamy, Winnicut, and Salmon Falls Rivers have a very sporadic harvest ranging from 0
fish to as many as 2,548 fish at the Salmon Falls in 1999 (Table 12). Like many other New
Hampshire coastal rivers, it is very difficult to capture river herring efficiently at these locations
so harvest can occur anywhere along the tidal portion. Typically, gill nets, cast nets, and dip nets
are used to harvest river herring at these locations.

After river herring returns diminished from around 100,000 fish in 1986 to 1,397 fish in 2003
and 1,055 fish in 2004, the Taylor River was closed to the taking of river herring by any method
of netting in 2005. The closed section of river extends upriver from the railroad trestle bridge
near Hampton Harbor to the head-of-tide dam. No harvest of river herring was reported from the

Taylor River from 1999-2004 and only 32 fish were harvested in 1998.

3 Current Regulations
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The first law protecting river herring in New Hampshire state waters (inland and 0-3 miles) was
enacted in 1967. This established that any resident or nonresident had to obtain a license to
use a seine, net, or weir for the taking of river herring. In an effort to provide a day of
escapement, the taking of river herring in state waters on Wednesdays by any method was
prohibited in 1987 (Table 1).

The harvest of river herring by netting of any kind has been prohibited in the Taylor River from
the section of the river upstream of the railroad trestle bridge to the head-of-tide dam since 2005
due to declines in return numbers. Also, in response to a decline of river herring returns to the
Exeter River, new regulations were put in place in 2005 for the Exeter/Squamscott River in
Exeter. The new regulations restricted netting to only Saturdays and Mondays. In addition,
there is a one-tote limit per day. This location has consistently accounted for the vast majority of
river herring harvest in New Hampshire (Tables 6 and 12). In response to diminishing returns of
river herring to the Oyster River fishway, the Oyster River was closed to the taking of river
herring by any method from the head-of-tide dam at Mill Pond to the mouth of the river at Little
Bay in 2012 (Tables 2 and 9).

Currently there are no regulations establishing a length limit or daily bag limit for recreational
anglers on either alewives or blueback herring within any tidal water body of the state.
Additionally, there are no closed seasons to the taking of river herring by recreational anglers,
except being prohibited from harvesting river herring on Wednesdays.

4 Brief Description - Current Status of Stocks

The NHFGD manages river herring as a single statewide stock, although annual return numbers
are monitored on a river-specific level through fish passage structures along five of the major
coastal rivers. The exception being the Exeter River where fish passage is monitored through
visual time counts at the former head-of-tide dam site.

Each of the monitored rivers (Cocheco, Lamprey, Oyster, Exeter, and Winnicut rivers)
demonstrate inter-annual variability in the number of returning fish due to various factors which
are specific to each river (Table 2). Major factors affecting return values include uncontrollable
variables related to environmental conditions (e.g., river flow levels, temperatures) and
controllable variables such as passage efficiency and harvest levels. Data collection efforts of
the NHFGD have also indicated that numbers of returning fish are likely underestimates of actual
stock size due to likely successful spawning activity occurring within rivers downstream of the
monitored fish passage structures as well as non-monitored river systems that support additional
small numbers of river herring returns within the state.

The most recent peer reviewed River Herring Benchmark Stock Assessment found that

coastwide populations of both alewife and blueback herring were depleted relative to historic
levels (ASMFC 2024). While there are no clear coastwide trends for either species, trends in
abundance and mortality differed between genetic stock-region as well as from river to river.

In the Northern New England (NNE) stock-region, an ARIMA trend analysis indicated many of
NH’s alewife population stocks were categorized as stable or increasing. Additionally, three out
of the four run counts in NH had a greater than 50% chance of being higher than the 2009
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reference point. Blueback herring in the Mid-New England (MNE) stock-region were
categorized as stable or decreasing. However, ARIMA results indicated that three out of the four
run counts are likely to be higher now than when Amendment 2 was adopted in 2009.

A young-of-year index from the New Hampshire Juvenile Finfish Survey for the Hampton-
Seabrook and Great Bay estuaries was available for 1997-2021. According to the Mann-Kendall
test there was no significant trend over the time series for alewife. Blueback herring on the other
hand exhibited a significant decreasing trend over the time series. The indices for both species in
2021 had a very high probability of being above the 25" percentile of the time series, and of
being above the 2009 index value (ASMFC 2024).

While many of the population stocks in NH indicated stable or increasing trends in river herring
abundance, some of those populations had a greater than 50% probability of exceeding the
Z40%SPR reference point, indicating total mortality on adult fish was too high. Mortality
estimates for alewives were available from scale data for the NNE region. There was a
decreasing trend from the early 1990s until the mid-2000s, then increasing until around 2015,
followed by a decrease in the final years of the time series. For the entire time series, average Z
was 1.1/yr and ranged from 0.56/yr to 1.7/yr. Blueback herring mortality estimates for the MNE
region varied during 1992 to 2021 but overall, there was a decreasing trend. During this time
period, average Z was 1.1/yr and ranged from 0.54/yr to 1.9/yr (ASMFC 2024).

A new habitat model was developed for the most recent stock assessment to look at river herring
abundance as a function of freshwater habitat availability in each stock-region. About 37% of
alewife habitat occurs in the NNE region, while only about 4% blueback herring habitat is in the
MNE region. In the NNE and the MNE regions, the greatest proportional reduction of habitat is
due to dams (ASMFC 2024). Recent restoration efforts, including multiple dam removals, have
opened and increased historic spawning habitat on many of NH’s coastal rivers.

4.1 Landings

Commercial landings of river herring (fish that are sold via dealers) within the state are
monitored through mandatory landings reports submitted annually to the National Marine
Fisheries Service or the NHFGD. Commercial landings of river herring from federal waters are
generally incidental catch and are not sampled by the NHFGD (Table 13).

The recreational and small commercial landings of river herring from state waters are primarily
through netting activities of state-permitted coastal harvesters (Tables 6 and 12). All individuals
participating in netting of river herring within the state are required to submit trip-level reports of
both fishing effort and harvest weight or numbers of river herring taken. The estimates of
harvest by recreational anglers using hook and line are determined through the cooperative
state/federal Marine Recreational Survey (Table 13).

4.2 Fisheries Independent / Fisheries Dependent
The NHFGD collects both fishery-dependent and fishery-independent data on an annual basis.

Fishery-dependent data is submitted by all state-permitted coastal harvesters as well as through
reported annual harvest estimates produced by the cooperative state/federal Marine Recreational
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Survey. The data obtained on netting activities is area specific, but recreational angler data is
only attributable to state or federal waters.

The majority of fishery-independent data is collected annually through monitoring of the six
major coastal rivers in which the primary runs of river herring occur. The data collected
provides river-specific enumeration of fish successfully passing the fishway or former head-of-
tide dam sites as well as population structure analysis from scale and length samples taken
periodically throughout the runs. The biological sample analysis allows the Department to track
age structure, species and sex ratios, length distributions, and repeat spawning success of river
herring within each river. A beach seine survey is also conducted at 15 fixed stations along New
Hampshire’s coastal waters each month between June and November. Mean catch rates of
juvenile river herring within the beach seine survey are used as relative indicators of occurrence
of spawning activity from year to year. Although, the information was not used in formulation
of the fishery-independent target due to estuary-wide design and limited sampling rate in close
proximity to monitored rivers during times of peak juvenile river herring emigration in the late
summer/fall months.

Analysis of fishery-independent and fishery-dependent data indicate that New Hampshire’s river
herring stock is relatively stable, and currently above the minimum target level of 216 fish per
surface acre of available spawning habitat. Values of return numbers to the Great Bay Indicator
Stock have generally increased since 2007, but declined in 2019 and 2020 (Table 9). Estimates
of Z appear steady or slightly declining (Table 3), the percentage of repeat spawners have
remained between 32% and 52% (Table 4), spawning escapement has consistently exceeded
80% and exploitation rates since 2001 have remained at or below 20% (Table 7).

4.3 Other

(None)

5 Fisheries to be Closed
5.1 Commercial

No commercial fisheries directed at harvest of river herring within New Hampshire state waters
will be closed.

5.2 Recreational
No recreational fisheries directed at harvest of river herring within New Hampshire state waters
will be closed.
6 Fisheries Requested to be Open

6.1 Commercial
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Most river herring harvested in New Hampshire state waters are for personal use as bait in a
variety of fisheries and not sold. There are very few commercial fisheries occurring within New
Hampshire state waters directed towards the harvest of river herring. The National Marine
Fisheries Service federal landings database that is inclusive of fishing harvest outside of New
Hampshire indicates the recent annual river herring landings are negligible (Table 13). All
commercial fisheries of river herring will remain open and the existing regulations will continue
until such time that either the fisheries-independent or dependent targets have been met.

6.2 Recreational

Harvest of river herring occurring in New Hampshire is primarily through state-permitted coastal
harvesters that fish for personal use, such as bait, and not sold. As a result, this fishery is
classified as recreational in New Hampshire. Upon all tidal water bodies in New Hampshire
(with the exception of the Exeter River) harvest of river herring is prohibited on Wednesdays and
no daily limit exists. Netting in the Exeter/Squamscott River is limited to Saturdays and
Mondays only between April 1 and June 30, and harvest is limited to one tote per day.

Similarly, hook and line anglers target river herring to be used as bait in a few relatively isolated
locations, which are surveyed through the cooperative state/federal Marine Recreational Survey
with low frequency of harvest and poor associated precision values associated with those
landings. There is currently no size or bag limit on river herring taken by angling in New
Hampshire, but a closure to all river herring harvest on Wednesdays is in place.

All recreational fisheries will remain open in New Hampshire and the regulations stated above
will continue until such time that either the fisheries-independent or -dependent targets have
been met.

6.3 Incidental

(None)

7 Sustainability Target(s)
7.1 Definition

The sustainability target will be established as a reference point and defined as a point below
which sufficient escapement of spawning populations of river herring occurs to maintain annual
runs at sustainable levels in New Hampshire.

River herring in New Hampshire are currently managed as a statewide management unit, but two
sustainability targets, one fishery-dependent and one fishery-independent, will be established
using exploitation rates and numbers of returning river herring per surface acre of available
spawning habitat in the Estuary. This method was chosen because 1) river herring harvest in the
Estuary accounts for 95-100% of the statewide harvest, 2) the NHFGD monitors river herring
spawning stock returns on four of the seven major rivers in the Estuary, and 3) monitors juvenile
abundance on an estuary-wide basis via a seine survey. Historical monitoring of river herring
runs within New Hampshire have shown that the numbers of returning river herring to these four
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rivers have accounted for greater than 80% of the returning fish enumerated annually at fish
passage structures on New Hampshire coastal rivers (Tables 3 and 9). The Atlantic States
Marine Fisheries Commission’s Shad and River Herring FMP states that “Definitions of
sustainable fisheries and restoration goals can be index-based or model-based” and that “Member
states or jurisdictions could potentially develop different sustainability target(s) for river herring
based on the unique ecosystem interactions and...Targets can be applied state-wide or can be
river and species specific.” Therefore, New Hampshire will be using the stocks of river herring
returning to the Estuary system as an indicator of statewide river herring abundance and refer to
them as the ‘Great Bay Indicator Stock’.

The fishery-dependent sustainability target will be set at a harvest level that results in a harvest
percentage (exploitation) rate that does not exceed 20% in the ‘Great Bay Indicator Stock’,
providing an 80% escapement level. Specifically, a three-year running average of the total
annual river herring harvest from throughout Great Bay Estuary will be compared to a three-year
running average of minimum annual counts of spawning river herring returns documented via
fish ladder or visual time counts on four rivers in Great Bay Estuary plus annual harvest of river
herring throughout the Estuary. This is a conservative target, since the harvest from throughout
the Estuary (including seven rivers, Great Bay, Little Bay, and Portsmouth Harbor) is being
compared to river herring returns counted at only four of the seven major rivers in the Estuary,
which represents some fraction of the total spawning river herring in the estuary each year.

Table 7 shows the calculated harvest percentages for each year in New Hampshire since 1991,
based on rolling three-year averages. New Hampshire has remained below the sustainability
target level of 20% harvest within the ‘Great Bay Indicator Stock’ for all but three years (Table
6) and in subsequent years following the high harvest percentages, the annual returns of river
herring continued to increase for three consecutive years. This sustainability target allows for
limited harvest of river herring within New Hampshire while still maintaining healthy
populations of river herring.

For the fishery-independent target, New Hampshire is proposing to use a target similar to that
used in Maine’s River Herring SFMP, which was previously approved by the Shad and River
Herring Management Board. New Hampshire has never conducted studies to determine ideal
densities of fish per acre of available spawning habitat. Therefore, the target was created based
on studies conducted in the state of Maine during the 1970’s and 1980’s, which have indicated
that an average escapement rate of 35 fish per surface acre, allows for adequate harvest,
escapement to maintain the run, and available broodstock to increase the run if desired. Using
that analysis-based minimum annual escapement of 35 river herring per surface acre, a target
value was calculated for the 207 acres of currently accessible spawning habitat in New
Hampshire. This escapement level would only require a minimum of 7,245 river herring
returning to the Estuary annually. New Hampshire believes that number would be insufficient to
maintain current population levels. Therefore, a second approach of calculating half of the mean
annual return of river herring in the past 20 years was used to establish the proposed fishery-
independent target escapement level of 350 fish per surface acre of available spawning habitat
(72,450 fish).

Upon review of New Hampshire’s River Herring SFMP in 2023, it was determined that the
available spawning habitat in New Hampshire was originally miscalculated using New
Hampshire’s Department of Environmental Services (NHDES) dam impounded water data that
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was available at the time. The use of Geographic Information Systems (GIS) software has
provided a more accurate value, increasing the available spawning habitat at time of the SFMP’s
creation in 2011 from 207 acres to 336 acres. A new escapement target value of 216 fish per
surface acre was calculated by using the half of the mean annual return of river herring (72,450
fish) divided by the corrected available spawning habitat (336 acres).

Available spawning habitat increased further with the construction of a new fish passage
structure in 2012 on the Lamprey River in the town of Durham, NH, bringing the total available
spawning habitat in New Hampshire up to 438 acres. Using an annual escapement value of 216
river herring per surface acre, a target value was calculated for the 438 acres of currently
accessible spawning habitat in New Hampshire. The fishery-independent target escapement
level would require a minimum annual return of 94,589 river herring. This target remains
slightly above 50% of the mean annual river herring returns to the Estuary since 1991 (Tables 2
and 9).

7.2 Methods Used to Develop Target(s)

River herring runs in New Hampshire have been monitored by the Department at fish ladders
since initiation of restoration programs in the early 1970’s. Seven fish ladders had been operated
and maintained along six coastal rivers, although the lowermost dams and associated fish
passage structures on the Winnicut River and Exeter River were removed in the fall of 2009 and
2016, respectively. At five of the locations (Cocheco, Oyster, Lamprey, Winnicut, and Exeter),
river herring runs are enumerated and sampled for biological information such as age, sex,
species, and repeat spawning occurrence when possible.

The number of returning river herring in the Great Bay Indicator Stock have remained variable
throughout the years (Tables 2 and 9). Using a three-year running average, a period of high
abundance was observed in the 1990’s followed by six years of successive decline in number of
river herring before increasing to another period of high abundance in the 2010’s. The inter-
annual variability of return numbers can be great, but many factors including weather, river
levels, water temperature, and inefficiencies of fish passage structures play a large role in the
variation.

An example of strong control by environmental conditions occurred in 2005, 2006, and 2007
when New Hampshire’s coastal rivers experienced flood conditions that reached “100-year
flood” levels in 2006 and 2007. During years where persistent high river velocity exists in all
coastal rivers in the state, many river herring are unable to reach or successfully ascend the fish
ladders monitored by the NHFGD. As a result, the passage inefficiency of fish ladders created
by unusually high river flow levels in turn reduces the annual return enumerations in those years.

Although annual river herring return values for 2005-2007 declined significantly from 2004, the
previously mentioned flooding conditions were a large reason for potential underestimation
during those years. Reviews of supplemental data such as young-of-the-year indices (Table 8)
and percentage of repeat spawners within each river (Table 4) provide evidence of the
population’s health and relative stability despite reduced fish passage numbers. The
supplemental data from the Estuary juvenile finfish seine survey conducted by the Department
showed increases in young-of-the-year indices for the two species of river herring in both 2006
and 2007 (Table 8), when the number of fish able to ascend the ladder were low. Since return
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numbers to the fish ladders were down those two years, large numbers of river herring may have
still successfully spawned downriver from the fish ladders. Additionally, Table 4 shows that the
percentage of repeat spawning fish that have been observed in the four rivers being monitored
for the Great Bay Indicator Stock has been consistently high, ranging from 32% of returning fish
in 2009 to 52% in 2006.

The majority of fishing effort and resulting harvest directed towards river herring in New
Hampshire is conducted through state-permitted coastal harvesters using gear such as cast nets,
gill nets, and dip nets. The harvest levels reported by harvesters also fluctuates between years,
but is much more stable than return numbers (Table 6). All reported landings are associated with
an area of fishing activity, which indicates that the large majority of river herring harvest comes
from a single location, the Squamscott River (Tables 6 & 7). Collection of the harvest data also
has indicated that the enumeration of returning fish in the Exeter River fish passage structure was
greatly underestimating the actual number of fish within that river system. This is particularly
noticeable when the harvest percentages in the tidal portion is several times higher than the
number of fish ascending the ladder, which would suggest that even though few ascend the
fishway, many river herring in that location continued to spawn below the dam. Since the
removal of the Great Dam in 2016, thousands of river herring have been observed ascending the
Exeter River near the former dam site.

Harvest estimates of river herring by recreational finfish anglers are also available through the
cooperative state/federal Marine Recreational Survey, but infrequency of occurrence and poor

levels of precision associated with the estimates make the data to unreliable for inclusion at this
time (Table 13).

The Department reviewed the harvest percentages (exploitation rates) of river herring within the
‘Great Bay Indicator Stock’ locations between 1991 and 2023. To limit the variation between
years, three-year rolling averages were used to establish both the annual return and the harvest
portions of the harvest percentage. The resulting harvest percentages have ranged from as high
as 26% in 2000 to 0% in 2023 (Table 7). Exploitation rate data was plotted against instantaneous
mortality rates calculated from age data using the Chapman-Robson method (Figure 3). When a
linear regression correlation was applied to the Great Bay Indicator Stock, there was a significant
correlation between the two factors. The Cocheco and Squamscott/Exeter Rivers showed a
similar significant correlation between the two factors, however there is no significant
correlation within each of the remaining rivers. Although there is a correlation between changes
in the calculated instantaneous mortality rate and the exploitation rate, the plot indicates that
years of high exploitation coincide with years of low mortality rate, and conversely years of low
exploitation coincide with years of a high instantaneous mortality rate. This suggests that the
exploitation rate is likely more dependent on the mortality rate than the mortality rate being
dependent on the exploitation rate. Specifically, in years of low calculated instantaneous
mortality rates, there are more fish returning and available for individuals to harvest, whereas in
years of high calculated instantaneous mortality rates, there are fewer fish for state-permitted
netters to harvest. Great Bay Indicator Stock exploitation rates have remained relatively low,
near or below 15%, since 1991 but did increase briefly to near or above 20% from 1998 to 2002.
This was driven by an increased effort and resulting harvest in the Squamscott River for
unknown reasons, but prompted NHFGD to enact new regulations to limit the harvesting at that
location to only two days per week as opposed to the previous six days, as well as implementing
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a daily harvest limit of one tote per person. A brief increase in exploitation again occurred
between 2019 and 2020, but never exceeded the 20% target (Table 7).

NHFGD does not currently have available data sufficient for analysis to determine an
escapement target below which the river herring stock would be negatively affected. Therefore,
the 20% fishery-dependent and 216 fish per surface acre fishery-independent sustainability
targets from the ‘Great Bay Indicator Stock” were set based on the downward trend of calculated
instantaneous mortality rates, the correlation of exploitation rate and mortality rate that does not
indicate that increased harvest corresponds to increased mortality, and the historical observations
of fishing effort and exploitation rates. NHFGD feels that these two targets will provide a large
enough resource of spawning river herring to maintain current population levels.

7.3. Monitoring to be Conducted to Support Target(s)

The NHFGD staff will monitor the return of river herring on the Cocheco, Lamprey, Oyster, and
Exeter rivers, collectively referred to as the ‘Great Bay Indicator Stock’, on an annual basis.
With the exception of the Exeter River, monitoring of these river specific returns will include
enumeration of fish successfully ascending the fish passage structure, maintenance of fishways
to increase passage efficiency, and periodic biological sampling of river herring at each location
throughout the run. Biological samples will be used to determine age, sex, repeat spawning
percentage, and species distributions of the returning populations within each river in an effort to
track relative health and stability of herring within each of the rivers. Monitoring river herring at
the Exeter River will be conducted at the former head-of-tide dam site following the removal of
the dam and fish passage structure. The enumeration from these four rivers of New Hampshire’s
primary river herring run will be used to calculate the return portion of the 3-year average
harvest percentage of the ‘Great Bay Indicator Stock.’

As supplemental information, a beach seine sampling study will be used to determine a mean
catch per seine haul index of juvenile river herring within the Great Bay System. This relative
annual index can be used to determine successful occurrence of river herring spawning activity
between years, although the information was not used in formulation of the fishery-independent
target due to estuary-wide design and limited sampling rate in close proximity to monitored
rivers during times of peak juvenile river herring emigration in the late summer/fall months.

Mandatory reporting of harvested quantities and directed effort toward river herring is required
by the ASMFC’s FMP. The reported information must provide harvest data specific to a
location or river system within the state. The harvest portion of the ‘Great Bay Indicator Stock’
will be calculated annually by totaling the number of river herring reported to be harvested from
the Estuary. This will include the Great Bay, Little Bay, and Cocheco, Lamprey, Exeter,
Bellamy, Salmon Falls, and Piscataqua rivers. The harvest and return portions of the ‘Great Bay
Indicator Stock’ will then be used to ensure that the annual harvest percentage (exploitation rate)
does not exceed the fishery-dependent sustainability target level of 20%.

The ladder counts, visual time counts, and harvest information at each location will be used to
ensure that the number of returning fish to the Great Bay Indicator Stock will remain above the
fishery-independent target of 216 fish per acre of spawning habitat within the Great Bay Estuary
(approximate 438 acre area), resulting in a target return of 94,589 river herring.
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8 Proposed Regulation Modification to Support Target(s)

In response to low river herring spawning returns over the last few years in the Cocheco River
after fishway modifications in 2016, NHFGD is proposing to keep the Cocheco River closed to
recreational/personal use and commercial river herring harvest while improvements to fishway
passage continue and returns increase. The remaining rivers of the Great Bay Indicator Stock
will support harvest opportunities while meeting NH’s fishery-independent sustainability target.
River herring harvest on the Cocheco River has historically been minimal, less than 20 pounds
between 2013 and 2020 (Table 6), and likely will not unduly increase fishing pressure on other
rivers in the Great Bay Estuary.

9 Adaptive Management
9.1 Evaluation Schedule

The NHFGD annually monitors, evaluates, and quantifies fish passage levels along five major
coastal rivers in New Hampshire (Cocheco, Oyster, Lamprey, Winnicut, and Exeter rivers).
Returning fish are enumerated and sampled for biological information, including species, sex,
age, and levels of repeat spawning. Monitoring of specified rivers will continue on an annual
basis with the exception of the Winnicut River due to removal of the dam and associated fishway
in the fall of 2009.

The harvest of river herring is determined through mandatory reporting of all landings by
harvesters in New Hampshire state waters. Additional estimates of angling harvest are provided
by the cooperative state/federal Marine Recreational Survey on an annual basis, but precision of
those estimates is often very poor and are not reliable enough to be included in the annual
harvest calculation. The harvest percentage (exploitation rate) will be determined annually and
used to calculate a 3-year average value to compare to the sustainability target level of 20%.

9.2 Consequences or Control Rules
If the statewide harvest of river herring, determined by combining reported landings by state-
permitted coastal harvesters from the ‘Great Bay Indicator Stock’ results in an exploitation rate
that exceeds the fishery-dependent 20% sustainability target, the NHFGD will take the following

action:

1) Use landings and return data to identify the problem area(s) to determine whether over
harvest of river herring is river or fishery specific.

i1) Once a problem area is identified, one or more of the following measures may be used:

1) Add additional days of prohibited harvest of river herring. This could be statewide or
in identified problem areas.

2) Implement or lower a daily harvest limit for state-permitted coastal netters at all areas
or identified problem areas.
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3) Implement a daily catch limit for recreational anglers statewide or in identified
problem areas.

If the fishery-dependent target of 216 river herring per surface acre of available spawning
habitat, 94,589 river herring, is not met, the NHFGD will take the following action:

1) Implement a prohibition on harvest of river herring to all fisheries operating within state
waters.
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Table 1. Summary of river herring regulations and special river restrictions in New Hampshire tidal waters*.

Restriction(s)
Species Length Limit Season
River Herring
(Alewife / Blueback | No minimum length No limit May not be taken Wednesdays by any method.
Herring
Area Restriction(s)

Cocheco River

Closed from the upstream side of Central Avenue Bridge to downstream side of Washington Street Bridge in Dover

Exeter River (downtown)

Closed from the upstream side of High Street (Great) Bridge to downstream side of Chestnut Street (String ) Bridge (on Squamscott River) in Exeter

Lamprey River

No person shall use any type of net or weir for the taking of finfish from the downstream side of the Macallen Dam to a line perpendicular with the
two riverbanks from the north side of the Newmarket boat launch ramp.

Closed from the upstream side of Rte 108 Bridge to 275 feet below the downstream side of Macallen Dam (tidal water) in Newmarket

In the Lamprey River, use of nets, except weirs, shall be restricted to the period of sunrise to sunset

Oyster River

Closed from the upstream side of dam and fishway, including a 50-foot radius in front of the fishway; closed to the taking of river herring from Mill
Pond Dam, Durham, downstream to the river mouth in Little Bay

Piscataqua River

Including Great Bay estuary and tributaries inland of Memorial Bridge, close to the use of gill nets with mesh larger than 3 inches

Salmon Falls River

Closed from the upstream side of the Route 4 Bridge to 150 feet downstream of South Berwick Dam

Squamscott River

River herring harvest:

Open Mondays and Saturdays only from April 1-June 30.

Daily Limit of 1 tote per person

Tote container measures 31.5 inches x 18 inches x11.5 inches.

Taylor River

Closed from the Railroad bridge to the head of tide dam in Hampton to the taking of river herring by netting of any method
Closed from the upstream side of fishway and dams, including a 50-foot radius in front of the fishway on upstream side, to a line perpendicular to
south end of south overflow culvert at Route 95 to opposite side of river (east)

Winnicut River

Closed to all fishing within a 25-foot radius of the downstream portion of the fishway and a 6-foot radius of the upstream portion of the fishway
Closed to the taking of all fish, except by angling, from the south side of the Boston and Maine Railroad bridge to the Route 33 Bridge

* Rules prior to 2021 fishery closure.
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Table 2. Number of river herring successfully ascending fish passage structures in New
Hampshire by river between 1978 and 2023.

Year Coc'heco Ex'eter Oyster Lamprey Tgylor Win'nicut Annual
River River River River River River Total

1978 1,925 205 419 20,461| 168,256| 3,229++| 194,495
1979 586 186 496| 23,747| 375,302| 3,410™*| 403,727
1980 7,713 2,516 2,921| 26,512| 205,420 4,393 249,475
1981 6,559 15,626 5,099 50,226/ 94,060 2,316 173,886
1982 4,129 542 6,563| 66,189 126,182 2,500 206,105
1983 968 1 8,866 54,546| 151,100 +| 215,481
1984 477 5179 40,213 45,600 + 91,469
1985 974 4,116 54,365| 108,201 +| 167,656
1986 2,612 1,125 93,024| 46,623| 117,000 1,000"| 261,384
1987 3,557 220 57,745 45,895 63,514 +| 170,931
1988 3,915 73,866| 31,897| 30,297 + | 139,975
1989 18,455 38,925 26,149| 41,395 +| 124,924
1990 31,697 154,588 25,457 27,210 + | 238,952
1991 25,753 313| 151,975 29,871 46,392 +| 254,304
1992 72,491 537 157,024 16,511| 49,108 +| 295,671
1993 40,372 278 73,788 25,289| 84,859 +| 224,586
1994 33,140 *| 91,974 14,119| 42,164 +| 181,397
1995 79,385 592| 82,895 15,904| 14,757 +| 193,533
1996 32,767 248 82,362 11,200 10,113 +| 136,690
1997 31,182 1,302| 57,920| 22,236 20,420 +| 133,060
1998 25,277 392| 85,116| 15,947| 11,979 219| 138,930
1999 16,679 2,821 88,063 20,067| 25,197 305| 153,132
2000 30,938 533| 70,873| 25,678 44,010 528| 172,560
2001 46,590 6,703 66,989 39,330 7,065 1,118| 167,795
2002 62,472 3,341 58,179 58,065 5,829 7,041 194,927
2003 71,199 71| 51,536| 64,486 1,397 5,427| 194,116
2004 47,934 83| 52,934 66,333 1,055 8,044| 176,383
2005 16,446 66| 12,882| 40,026 233 2,703| 72,356
2006 4,318 16 6,035 23,471 147 822| 34,809
2007 15,815 40 17,421 55,225 217** 7,543| 96,261
2008 30,686 168| 20,780| 36,247 976 8,359 97,214
2009 36,165 513 11,661| 42,425 * 4,974 95,737
2010 32,654 69| 19,006| 33,327 675 576" 86,307
2011 43,090 256 4,755 50,447 59 72*** 99,338
2012 27,608 378 2,573| 86,862 92 57 117,518
2013 18,337 588 7,149| 79,408 128 0| 105,610
2014 29,968 789 4,227 84,868 57 o[ 119,909
2015 64,456 5,562 1,803| 69,843 * 0| 141,664
2016 99,241 6,622 863 92,364 @ o[ 199,090
2017 28,926 - 4,492| 35,920 * o 69,338
2018 24,743 32 5,716 50,884 2 53| 81,428
2019 1,682 28 4,969| 34,684 * o 41,363
2020 3,832 17 4,655| 56,632 o o| 65,136
2021 2,117 167,400 9,976| 80,567 * 5| 260,065
2022 4,452| 273,228 11,272| 77,285 @ 0| 366,237
2023 6,143| 234,948 8,936| 59,793 * 0| 309,820

* - Due to damage to the fish trap, fishway became a swim through operation.

** - Due to fish counter malfunction there was up to two weeks where passing fish were not enumerated.
**% _ Fishway operated but not monitored due to staffing constraints.

+ - Fishway unable to pass fish until modifications in 1997.

++ - Fish netted below and hand passed over Winnicut River Dam.



Table 3.

Instantaneous mortality rates (Z) estimates calculated using Chapman-

Robson method from ‘Great Bay Indicator Stock’ locations between 1991

and 2023.

Cocheco River| Exeter River | Oyster River | Lamprey River GBI

Year Z SE Z SE 4 SE Z SE Y4 SE
1991 0.92 | 0.093| 1.02 | 0.113| 1.02 | 0.103 | 0.81 | 0.091 0.95 | 0.050
1992 0.81 | 0.077 | 1.01 | 0.091| O0.71 | 0.071 | 1.17 | 0.126 0.90 | 0.044
1993 167 1 0156 | 1.41 | 0.170| 1.82 | 0.209 | 1.77 | 0.189 1.64 | 0.083
1994 1.00 | 0.088 = -- 0.84 | 0.073 ] 1.35 | 0.151 0.85 | 0.043
1995 127 10124 | 1.72 |1 0.180| 1.44 | 0.161 | 1.43 | 0.151 1.45 | 0.076
1996 0.82 | 0.063| 1.39 | 0.375]| 1.20 | 0.127 | 1.16 | 0.123 0.99 | 0.052
1997 0.87 | 0.090| 1.01 | 0.077 ]| 0.76 | 0.064 | 1.08 | 0.142 0.89 | 0.043
1998 0.81 | 0.070 | 0.64 | 0.050 | 0.95 | 0.092 | 0.96 | 0.107 0.78 | 0.033
1999 0.82 | 0.073| 1.26 | 0.117 | 1.83 | 0.209 | 0.94 | 0.097 0.97 | 0.040
2000 0.78 | 0.069| 1.03 | 0.110| 0.83 | 0.072 |} 0.80 | 0.068 0.71 | 0.025
2001 0.86 | 0.081| 0.98 | 0.109 | 0.71 | 0.066 | 1.11 | 0.127 0.77 | 0.032
2002 0.76 | 0.069 | 1.53 | 0.276 | 0.70 | 0.063 | 1.23 | 0.158 0.66 | 0.027
2003 1.16 | 0.107| 0.91 | 0.129 | 0.96 | 0.092 | 0.64 | 0.056 0.96 | 0.043
2004 1.20 | 0.125| 1.19 | 0.176 | 1.44 | 0.161 | 0.86 | 0.078 1.16 | 0.056
2005 1.08 | 0.117 | 1.27 | 0.224| 1.44 | 0.194 | 1.06 | 0.110 1.20 | 0.068
2006 0.96 | 0.096| 0.69 | 0.183 | 1.00 | 0.112 } 0.70 | 0.069 0.79 | 0.044
2007 0.81 | 0.073| 0.99 | 0.195]| 0.80 | 0.063 | 1.09 | 0.124 0.87 | 0.040
2008 0.97 | 0.095| 0.89 | 0.083 | 0.82 | 0.083 | 0.85 | 0.084 1.03 | 0.050
2009 0.74 | 0.058 | 0.90 | 0.053| 1.02 | 0.105 | 1.02 | 0.087 0.74 | 0.024
2010 0.84 | 0.013| 1.10 | 0.156| 1.26 | 0.014 |} 0.75 | 0.019 1.21 | 0.012
2011 1.00 | 0.006 | 0.90 | 0.062 | 0.75 | 0.011 | 1.01 | 0.005 1.01 | 0.004
2012 160 | 0.016 | 1.35 | 0.083| 1.41 | 0.042 ]| 1.15 | 0.005 1.07 | 0.004
2013 0.82 | 0.006 | 1.06 | 0.047 | 1.95 | 0.028 | 0.59 | 0.002 0.65 | 0.002
2014 1.00 | 0.007 | 1.68 | 0.082 | 2.33 | 0.056 | 0.85 | 0.004 0.91 | 0.003
2015 1.37 | 0.007 | 1.26 | 0.018 | 0.89 | 0.022 | 0.80 | 0.004 0.99 | 0.003
2016 1.01 | 0.004 | 0.92 | 0.012 | 1.04 | 0.044 | 1.47 | 0.006 1.60 | 0.006
2017 1.71 ] 0.013 = - 1.71 | 0.030 | 1.34 | 0.009 1.48 | 0.007
2018 1.96 | 0.019 = - 0.97 | 0.014 | 0.72 | 0.003 0.55 | 0.002
2019 0.89 | 0.028 — - 1.11 | 0.019| 1.34 | 0.011 0.83 | 0.005
2020 2.12 | 0.053| 1.66 | 0.437| 0.78 | 0.013 | 0.92 | 0.004 0.87 | 0.004
2021 1.10 | 0.033| 1.34 | 0.004| 1.29 | 0.016 | 0.90 | 0.004 1.15 | 0.003
2022 0.61 | 0.009 | 1.28 | 0.004 | 1.36 | 0.017 | 0.84 | 0.003 1.07 | 0.002
2023 0.96 | 0.013 | 0.99 | 0.004| 0.75 | 0.008 | 0.76 | 0.003 0.67 | 0.002
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Table 4. Three-year running average values* of river herring scale samples analyzed, number of repeat spawning fish, and
associated repeat spawning percentage during annual river herring runs occurring in New Hampshire at ‘Great
Bay Indicator Stock’ locations between 2000 and 2023.
Cocheco River Lamprey River Oyster River Exeter River 'Great Bay Indicator Stock'
Scale Repeat Repegt Scale Repeat Repef““ Scale Repeat Repegt Scale Repeat Repefat Scale Repeat Repegt
Year Samples | Spawners Spawning Samples | Spawners Spawning Samples | Spawners Spawning Samples | Spawners Spawning Samples| Spawners Spawning
Percentage Percentage Percentage Percentage Percentage

2000 - - - -- - - - - - - - -- - - -

2001 -- - -- -- -- - -- -- - -- - -- - -- --

2002 140 53 38% 160 88 55% 144 65 45% 97 31 32% 541 238 44%
2003 141 52 37% 142 83 58% 146 74 51% 83 35 42% 513 243 47%
2004 134 57 43% 148 84 57% 141 72 51% 55 19 34% 478 232 49%
2005 127 61 48% 144 77 53% 135 76 56% 59 20 34% 465 234 50%
2006 110 61 56% 138 76 55% 133 71 53% 46 15 32% 426 223 52%
2007 123 52 42% 134 75 56% 149 64 43% 40 9 23% 446 200 45%
2008 130 46 35% 139 69 49% 156 57 36% 67 9 14% 493 180 37%
2009 164 51 31% 165 78 47% 154 55 36% 167 20 12% 650 205 32%
2010 135 50 37% 145 69 48% 128 48 38% 166 21 13% 574 189 33%
2011 111 45 41% 126 67 53% 120 51 43% 139 18 13% 495 182 37%
2012 70 39 55% 85 45 53% 112 50 45% 54 12 22% 321 146 45%
2013 76 37 48% 81 40 49% 120 42 35% 64 16 24% 342 135 39%
2014 87 47 53% 87 46 53% 117 50 43% 77 26 33% 369 169 46%
2015 93 44 48% 88 50 57% 117 53 45% 92 31 33% 391 178 45%
2016 89 44 50% 86 55 64% 121 64 53% 103 37 35% 398 200 50%
2017, 76 39 51% 77 53 69% 119 45 38% 84 28 34% 356 165 46%
2018 79 44 55% 78 52 66% 108 34 32% 58 18 32% 315 147 47%
2019 94 46 49% 80 48 60% 99 28 28% 31 8 26% 288 126 44%
2020 105 47 45% 80 42 53% 106 39 37% 22 7 30% 291 129 44%
2021, 116 51 44% 76 38 50% 116 36 31% 33 8 25% 309 125 40%
2022, 106 47 44% 76 34 45% 118 33 28% 47 19 39% 299 114 38%
2023 104 37 36% 74 34 46% 118 34 29% 59 20 35% 295 105 35%

* All numbers shown are 3-year running average values of number of river herring scale samples.
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Table S. Distribution of repeat spawning frequency* of river herring in New Hampshire at ‘Great Bay Indicator Stock’
locations, from scale samples aged between 2000 and 2023.
Cocheco River Lamprey River Oyster River Exeter River 'Great Bay Indicator Stock’

Year | % of r0] % of r1] % of r2] % of r3] % of r4| % of r0] % of r1| % of r2| % of r3| % of r4| % of r0] % of r1] % of r2| % of r3] % of r4| % of r0 | % of r1] % of r2] % of r3] % of r4| | % of r0] % of r1] % of r2| % of r3] % of r4
2000 -- = = = = = = = = = = = = = = = = = = = = = = = =
2001] -- - - - - - - - - - - -- - - - - - - - - - - - - -
2002 62%| 25%| 12% 1% 0%| 44%| 33%| 19% 4% 0%| 55%| 28%| 13% 4% 0% 73% 18% 8% 1% 0% 56%| 27%| 14% 3% 0%
2003] 64%| 25% 9% 2% 0%| 42%| 34%| 20% 5% 0%| 49%| 30%| 16% 4% 0% 63% 24% 12% 1% 0% 53%| 29%| 15% 3% 0%
2004] 56%| 29%| 13% 2% 0%| 43%| 28%| 23% 6% 0%| 48%| 25%| 22% 5% 0% 66% 22% 11% 1% 0% 51%| 26%| 18% 4% 0%
2005) 51%| 30%| 15% 4% 0%| 47%| 30%| 18% 5% 0%| 44%| 31%| 21% 4% 0% 66% 22% 10% 2% 0% 50%| 29%| 17% 4% 0%
2006 45%| 32%| 16% 6% 1%| 45%| 32%| 18% 5% 0%| 47%| 28%| 20% 5% 0% 66% 24% 8% 2% 0% 48%| 30%| 17% 5% 0%
2007)  56%| 23%| 13% 6% 1%| 44%| 32%| 18% 4% 1%| 56%| 29%| 11% 3% 0% 74% 21% 4% 1% 0% 55%| 27%| 13% 4% 0%
2008 63%| 22% 9% 4% 1%| 50%| 27%| 17% 5% 1%| 64%| 23% 9% 4% 0% 78% 18% 4% 0% 0% 62%| 23%| 11% 4% 0%
2009) 71%| 21%| 6%| 1%| 0%| 53%| 29%| 13%| 3%| 1%| 64%| 27%| 7%| 2% 0% 87%| 11% AR 69%| 21%| 7% 2% 0%
20101 60%| 27%| 12% 0% 0%| 51%| 33%| 12% 3% 0%| 61%| 25%| 10% 3% 0% 85% 13% 1% 1% 0% 65%| 24% 9% 2% 0%
2011 57%| 26%| 14% 4% 0%| 46%| 34%| 15% 6% 0%| 57%| 30%| 10% 3% 0% 84% 14% 0% 1% 0% 61%| 25%| 10% 3% 0%
2012 44%| 32%| 19% 4% 1%| 48%| 31%| 15% 6% 0%| 55%| 27%| 13% 4% 0% 77% 19% 3% 1% 0% 54%| 28%| 14% 4% 0%
2013] 51%| 28%| 14% 6% 1%| 51%| 28%| 15% 6% 0%| 65%| 23%| 10% 2% 0% 76% 19% 6% 0% 0% 60%| 25%| 11% 4% 0%
2014  46%| 30%| 17% 7% 1%| 48%| 34%| 14% 4% 0%| 56%| 33% 9% 1% 0% 67% 25% 7% 0% 0% 55%| 30%| 12% 3% 0%
2015 53%| 23%| 14%| 10% 0%| 43%| 32%| 18% 7% 0%| 54%| 34%| 10% 2% 0% 67% 25% 7% 1% 0% 55%| 28%| 12% 4% 0%
2016] 51%| 27%| 13% 8% 0%|] 35%| 34%| 22%| 10% 1%| 46%| 37%| 12% 5% 0% 65% 26% 8% 1% 0% 50%| 31%| 13% 6% 0%
2017} 49%| 28%| 17% 6% 1%| 31%| 27%| 32% 9% 0%| 63% 21%| 11% 5% 0% 67% 21% 11% 1% 0% 54%| 24%| 17% 5% 0%
2018] 44%| 26%| 26% 3% 0%| 33%| 21%| 35%| 10% 0%| 73%| 18% 6% 4% 0% 72% 19% 8% 0% 0% 56%| 20%| 19% 5% 0%
2019]  49%| 18%| 28% 4% 1%| 39%| 21%| 29%| 10% 0%| 75%| 19% 5% 1% 0% 74% 18% 8% 0% 0% 59%| 19%| 18% 4% 0%
2020] 54%| 17%| 22% 6% 1% 47%| 24%| 20% 9% 0%| 67% 22% 9% 2% 0% 73% 19% 8% 0% 0% 59%| 21%| 15% 5% 0%
2021 56%| 19%| 14% 9% 2%| 50%| 31%| 14% 5% 0%| 70%| 18%| 10% 2% 0% 74% 15% 10% 1% 0% 61%| 21%| 12% 5% 1%
2022  56%| 21%| 12% 9% 2%| 55%| 27%| 15% 2% 1% 73%| 17% 8% 2% 0% 65% 22% 11% 2% 0% 62%| 22%| 11% 4% 1%
2023] 65%| 18%| 10%| 5%| 1%| 54%| 29%| 14%| 3%| 1%| 72%| 20%| 6%| 1%| 0% 66%| 20%| 10%| 4%| 0% 65%| 22%| 10%| 3% 1%

* All frequencies shown are 3-year running average values of number of river herring scale samples.
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Table 6.

Three-year running average values* of river herring harvested by state-permitted coastal netters in New

Hampshire by location between 1991 and 2023; Areas used to calculate the harvest portion of the annual ‘Great
Bay Indicator Stock’ used to set the sustainability target are shown.

) Statewide Total Great Bay % of
Cocheco | Lamprey | Oyster Exeter Winnicut | Bellamy Salmon Great Little . | Piscataqua | All Other River Herring Estuary River .
Year - o . . . . . N N Portsmouth : . ; Statewide
River River River River River River Falls River Bay Bay River+ Locations Harvested Herring Harvested Total
(# Fish) (# Fish)
1991 0| 10,565 385 15,224 297 1,163 61 13 0 0 326 1,467 29,502 28,035 95%)
1992 19 12,058 620 7,618 74 946 68 4 0 0 20 1,023 22,451 21,428 95%
1993 34 7,952 927 3,315 80 551 112 4 3 0 20 532 13,530 12,998 96%
1994 34 4,900 855 2,767 44 47 98 13 3 0 0 468 9,229 8,761 95%
1995 16 410 621 4,606 27 164 180 13 3 0 1 98 6,139 6,041 98%
1996 2 703 522 5,274 366 238 223 14 0 0 7 44 7,393 7,349 99%)
1997 105 1,053 715 9,068 375 237 594 5 0 0 17 42 12,211 12,170 100%
1998 116 917 752 21,792 368 445 1,045 1 63 0 25 634 26,158 25,524 98%
1999 140 730 384 31,432 23 543 1,807 3 63 83 43 930 36,182 35,253 97%
2000 70 897 386 39,347 24 770 1,871 3 72 83 65 1,243 44,831 43,588 97%
2001 57 1,228 504 31,631 24 820 1,762 3 62 83 76 628 36,879 36,251 98%)
2002 47 1,135 574 29,097 24 1,007 997 0 62 0 52 317 33,312 32,995 99%)
2003| 25 1,214 444 24,808 0 844 650 15 53 0 20 3 28,077 28,074 100%
2004 82 770 475 21,051 0 518 232 15 0 0 0 127 23,270 23,143 99%
2005 85 873 363 13,215 19 369 158 15 0 0 0 127 15,224 15,097 99%
2006 114 614 305 5,084 163 435 32 2 0 0 0 127 6,875 6,748 98%
2007 171 505 103 1,552 243 610 15 2 0 0 0 0 3,202 3,202 100%
2008 334 438 86 5,488 282 569 18 3 0 0 10 0 7,228 7,228 100%
2009 482 1,279 74 9,685 137 694 31 1 0 0 10 0 12,394 12,394 100%
2010 579 1,912 96 13,152 58 569 55 1 0 0 10 0 16,432 16,432 100%
2011 399 2,940 69 10,015 0 580 59 0 0 0 0 0 14,062 14,062 100%
2012 211 2,230 39 6,459 4 505 48 10 0 0 0 0 9,506 9,506 100%
2013] 7 1,730 2 5,169 4 575 20 10 0 0 0 0 7,516 7,516 100%
2014 8 1,298 0 6,645 4 604 3 16 20 0 0 0 8,599 8,599 100%
2015 8 1,473 0 9,844 0 505 0 6 20 0 0 0 11,856 11,856 100%
2016 1 1,328 0 10,020 1 394 0 6 20 0 0 0 11,771 11,771 100%
2017 0 1,482 0 8,787 1 288 0 0 0 0 0 0 10,558 10,558 100%
2018 0 1,927 0 6,116 1 402 0 0 0 0 0 0 8,447 8,447 100%
2019 0 3,380 0 9,149 0 565 0 0 0 0 0 0 13,094 13,094 100%
2020 0 4,380 0 10,875 0 537 0 0 0 0 0 0 15,792 15,792 100%
2021 0 3,293 0 9,249 0 317 0 0 0 0 0 0 12,860 12,860 100%
2022 0 1,800 0 3,412 0 97 0 0 0 0 0 0 5,309 5,309 100%
2023] 0 0 0 0 0 0 0 0 0 0 0 0 0| 0 -

* All numbers shown are 3-year running average values of number of river herring reported harvested; landings reported by weight in pounds were calculated using conversion factor (1 Ib = 2
river herring).
+ These reported locations are within the Great Bay Estuary and used to calculate the ‘Harvest Portion’ of the ‘Great Bay Indicator Stock’ sustainability target.
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Table 7. Number* of river herring harvested, number of river herring returning, and percentage of river herring harvested by
state-permitted coastal netters in New Hampshire at ‘Great Bay Indicator Stock’ locations between 1991 and 2023.
‘Great Bay Indicator Stock’
Cocheco River Lamprey River Oyster River Exeter River Harvest to Return Percentage
Minimum Minimum Minimum Minimum
Harvest Ladder | Spawning Percent Harvest Ladder | Spawning Percent | Harvest Ladder | Spawning Percent | Hanest Ladder { Spawning Percent Har\'/esi Retgrn Sustainability Target
(# Fish) Retgm Run Harvest | (# Fish) Retgm Run Harvest | (# Fish) Rer.“’" Run Harvest | (# Fish) Retgm Run Harvest Portion Port_|on Percent Harvest Status
(# Fish) | Estimate (# Fish) | Estimate (# Fish) | Estimate (# Fish) | Estimate (# Fish) (# Fish)
Year (# Fish) (# Fish) (# Fish) (# Fish)
H L R=H+L H/R * 100 H L R=H+L | H/R * 100 H L R=H+L | H/R * 100 H L R=H+L |H/R * 100 SH >R XH/YR)* 100

1991 0] 25,302 25,302 0%] 10,565| 27,159 37,724 28% 385| 115,163 115,548 0% 15,224 104 15,329 99% 28,035| 193,902 14% Below Target
1992 19] 43,314 43,333 0%] 12,058| 23,946 36,005 33% 620| 154,529 155,149 0% 7,618 283 7,902 96% 21,428| 242,388 9% Below Target
1993| 34| 46,205 46,239 0% 7,952| 283,890 31,842 25% 927| 127,596 128,523 1% 3,315 376 3,691 90% 12,998| 210,295 6% Below Target
1994 34| 48,668 48,702 0% 4,900| 18,640 23,540 21% 855| 107,595 108,450 1% 2,767 272 3,039 91% 8,761| 183,731 5% Below Target
1995 16| 50,966 50,982 0% 410| 18,437 18,847 2% 621| 82,886 83,507 1% 4,606 290 4,896 94% 6,041) 158,232 4% Below Target
1996 2| 48,431 48,433 0% 703 13,741 14,444 5% 522| 85,744 86,266 1% 5,274 280 5,554 95% 7,349| 154,696 5% Below Target
1997, 105| 47,778 47,883 0% 1,053| 16,447 17,500 6% 715| 74,392 75,108 1% 9,068 714 9,782 93% 12,170| 150,273 8% Below Target
1998 116] 29,742 29,858 0% 917 16,461 17,378 5% 752| 75,133 75,884 1%| 21,792 647 22,440 97% 25,524| 145,560 18% Below Target
1999 140 24,379] 24,519 1% 730| 19,417| 20,147 4% 384| 77,033| 77,417 0%| 31,432] 1,505 32,937 95%|@ 35,253| 155,019 23%| Above Target
2000) 70| 24,298| 24,368 0% 897| 20,564| 21,461 4% 386| 81,351| 81,737 0%| 39,347| 1,249 40,596 97% 43,588| 168,161 26%| Above Target
2001 57| 31,402 31,460 0%] 1,228| 28,358| 29,586 4% 504| 75,308| 75,813 1%| 31,631] 3,352 34,983 90% 36,251| 171,842 21%| Above Target
2002 47] 46,667 46,713 0% 1,135| 41,024 42,160 3% 574| 65,347 65,921 1%| 29,097 3,526 32,623 89% 32,995| 187,416 18% Below Target
2003 25| 60,087| 60,112 0%] 1,214| 53,960| 55,174 2% 444| 58,901 59,346 1%| 24,808| 3,372 28,180 88%l 28,074| 202,812 14% Below Target
2004 82| 60,535 60,617 0% 770[ 62,961 63,731 1% 475| 54,216 54,691 1%| 21,051 1,165 22,216 95% 23,143| 201,256 11% Below Target
2005 85| 45,193 45,278 0% 873| 56,948 57,822 2% 363| 39,117 39,481 1%| 13,215 73 13,288 99% 15,097| 155,869 10% Below Target
2006 114) 22,899 23,013 0% 614| 43,277 43,891 1% 305 23,950 24,255 1% 5,084 55 5,139 99% 6,748 96,298 7% Below Target
2007 171) 12,193 12,364 1% 505 39,574 40,079 1% 103 12,113 12,216 1% 1,552 41 1,593 97% 3,202| 66,252 5% Below Target
2008 334 16,940 17,273 2% 438| 38,314 38,753 1% 86 14,745 14,832 1% 5,488 75 5,563 99% 7,228| 76,420 9% Below Target
2009 482| 27,555 28,038 2% 1,279| 44,632 45,912 3% 74 16,621 16,695 0% 9,685 240 9,925 98% 12,394| 100,570 12% Below Target
2010 579 33,168 33,747 2% 1,912| 37,333 39,245 5% 96 17,149 17,245 1%| 13,152 250 13,402 98% 16,432| 103,639 16% Below Target
2011 399 37,303 37,702 1% 2,940| 42,066 45,007 7% 69 11,807 11,876 1%| 10,015 279 10,294 97% 14,062| 104,879 13% Below Target
2012 211 34,451 34,662 1% 2,230 56,879 59,108 4% 39 8,778 8,817 0% 6,459 234 6,693 96% 9,506 109,280 9% Below Target
2013] 7| 29,678 29,685 0%| 1,730 72,239 73,969 2% 2| 4826 4,828 0%| 5,169 407 5,576 93% 7,516| 114,058 7% Below Target
2014 8| 25304| 25,312 0%| 1,298 83,713[ 85,010 2% 0| 4,650 4,650 0%| 6,645 585 7,230 92% 8,599| 122,203 7% Below Target
2015 8| 37,587 37,595 0% 1,473 78,040 79,512 2% 0 4,393 4,393 0% 9,844 2,313 12,157 81% 11,856| 133,657 9% Below Target
2016 1| 64,555 64,556 0% 1,328| 82,358 83,687 2% 0 2,298 2,298 0%] 10,020 4,324 14,344 70% 11,771| 164,885 7% Below Target
2017, 0] 64,208 64,208 0% 1,482| 66,042 67,524 2% 0 2,386 2,386 0% 8,787 4,061 12,848 68% 10,558| 146,966 7% Below Target
2018 0] 50,970 50,970 0% 1,927| 59,723 61,649 3% 0 3,690 3,690 0% 6,116 2,218 8,334 73% 8,447| 124,644 7% Below Target
2019 0] 18,450 18,450 0% 3,380| 40,496 43,876 8% 0 5,059 5,059 0% 9,149 20 9,169 100% 13,094| 76,555 17% Below Target
2020 0] 10,086 10,086 0% 4,380| 47,400 51,780 8% 0 5,113 5,113 0%| 10,875 26 10,900 100% 15,792 77,879 20% Below Target
2021 0 2,544 2,544 0% 3,293| 57,294 60,588 5% 0 6,533 6,533 0% 9,249| 55,815 65,064 14% 12,860| 134,729 10% Below Target
2022 0 3,467 3,467 0% 1,800 71,524 73,324 2% 0 8,634 8,634 0% 3,412| 146,882 150,294 2% 5,309| 235,719 2% Below Target
2023] 0 4,237 4,237 0% 0| 72,578 72,578 0% 0] 10,061 10,061 0% 0| 225,192| 225,192 0% 0] 312,069 0% Below Target

* All numbers shown are 3-year running average values of number of river herring reported harvested or returning; landings reported by weight in pounds were calculated using conversion factor (1 Ib = 2 river herring).
* ‘Harvest Portion’ of the Great Bay Indicator Stock uses reported harvest from all areas within the Great Bay Estuary (see Table 12); therefore, it will exceed the sum of the harvest from the four rivers
monitored for the ‘Return Portion’.
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Table 8.

Geometric mean catch per seine haul of alewife, blueback herring, and both
species combined from a juvenile finfish seine survey conducted in the Great Bay
Estuary between 1997 and 2023.

Alewife Blueback Herring Combined
YVear Ann_ual 3-yr Ann_ual 3-yr Ann.ual 3-yr
Geometric Mean | Awerage | Geometric Mean | Average | Geometric Mean | Awerage

1997 0.07 - 0.43 -- 0.51 -

1998 0.04 - 0.66 -- 0.67 --

1999 0.27 0.13 0.97 0.69 1.09 0.76
2000 0.26 0.19 0.74 0.79 0.89 0.89
2001 0.14 0.22 0.89 0.87 0.98 0.99
2002 0.34 0.25 0.26 0.63 0.56 0.81
2003 0.32 0.27 0.71 0.62 1.17 0.90
2004 0.14 0.27 0.22 0.40 0.32 0.68
2005 0.11 0.19 0.35 0.43 0.47 0.65
2006 0.32 0.19 0.42 0.33 0.63 0.47
2007 0.21 0.21 0.5 0.42 0.77 0.62
2008 0.15 0.23 0.13 0.35 0.28 0.56
2009 0.10 0.15 0.20 0.28 0.26 0.44
2010 0.08 0.11 0.17 0.17 0.22 0.25
2011 0.08 0.09 0.05 0.14 0.12 0.20
2012 0.02 0.06 0.08 0.10 0.09 0.14
2013 0.22 0.11 0.04 0.06 0.27 0.16
2014 0.05 0.10 0.14 0.09 0.20 0.18
2015 0.31 0.19 0.06 0.08 0.34 0.27
2016 0.14 0.17 0.21 0.14 0.24 0.26
2017 0.21 0.22 0.30 0.19 0.50 0.36
2018 0.23 0.19 0.34 0.28 0.48 0.41
2019 0.07 0.17 0.17 0.27 0.22 0.40
2020 0.33 0.21 0.33 0.28 0.67 0.46
2021 0.31 0.24 0.30 0.27 0.54 0.48
2022 0.25 0.30 0.08 0.24 0.33 0.51
2023 0.21 0.26 0.04 0.14 0.26 0.38
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Table 9.

Three-year running average of the number* of river herring successfully ascending fish passage structures in New

Hampshire by river between 1991 and 2023. The Great Bay Indicator Stock rivers set the sustainability target.

'Great Bay Indicator Stock'

Cocheco| Lamprey | Oyster Exeter || Winnicut Taylor Ann.ual River Great Ba‘1y Indicator Percentage of
River River River River River+ River Herrlng.Return Stock Return Annual Return
Year (# Fish) (# Fish)
1991 25,302 27,159| 115,163 313] -- 38,332 206,269 167,728 81%
1992 43,314 23,946 154,529 425 -- 40,903 263,117 222,072 84%
1993 46,205 23,890| 127,596 376 == 60,120 258,187 198,067 77%
1994 48,668 18,640 107,595 408 -- 58,710 234,021 175,174 75%
1995 50,966 18,437| 82,886 435 -- 47,260 199,984 152,579 76%
1996 48,431 13,741 85,744 420 -- 22,345 170,680, 148,195 87%
1997 47,778 16,447 74,392 714 == 15,097, 154,428| 139,331 90%
1998 29,742 16,461 75,133 647, -- 14,171 136,154 121,983 90%
1999 24,379 19,417 77,033 1,505 = 19,199 141,533 122,334 86%
2000 24,298 20,564| 81,351 1,249 350 27,062 154,873 127,461 82%
2001 31,402 28,358 75,308 3,352 649 25,424 164,495 138,421 84%
2002 46,667 41,024 65,347 3,526 2,895 18,968| 178,426 156,564 88%
2003 60,087 53,960 58,901 3,372 4,529 4,764 185,613 176,320 95%
2004 60,535 62,961 54,216 1,165 6,837 2,760 188,475 178,878 95%
2005( 45,193 56,948 39,117 73 5,391 895 147,618| 141,332 96%
2006 22,899 43,277 23,950 55 3,856 478 94,516 90,181 95%
2007 12,193 39,574 12,113 41 3,689 199 67,809 63,920 94%
2008 16,940 38,314 14,745 75 5,575 447 76,095 70,076 92%
2009 27,555 44,632 16,621 240 6,959 597 96,604 89,051 92%
2010 33,168 37,333 17,149 250 4,636 825 93,362, 87,902 94%
2011 37,303 42,066 11,807 279 1,874 367 93,697 91,456 98%
2012 34,451 56,879 8,778 234 218 275 100,835 100,342 100%
2013 29,678 72,239 4,826 407 26| 93 107,269 107,150 100%
2014 25,304 83,713 4,650 585 2 92 114,346 114,252 100%
2015 37,587 78,040 4,393 2,313 93 122,425 122,333 100%
2016 64,555 82,358 2,298 4,324 0 57, 153,592 153,535 100%
2017 64,208 66,042 2,386 6,092 0 = 138,728| 136,697 99%
2018| 50,970 59,723 3,690 3,327 18 -- 117,728 116,601 99%
2019 18,450 40,496 5,059 30 18| == 64,053 64,025 100%
2020 10,086 47,400 5,113 26| 18 -- 62,642 62,625 100%
2021 2,544 57,294 6,533 55,815 2 = 122,188| 122,186 100%
2022, 3,467 71,495 8,634| 146,882 2 -- 230,479 230,478 100%
2023| 4,237 72,548 10,061 225,192 2 == 312,041 312,039 100%

* All numbers shown are 3-yr running average values of number of river herring returning.
* Winnicut River return numbers have been excluded from the return portion of the ‘Great Bay Indicator Stock’ because the dam and associated fish

passage structure were removed in fall of 2009.
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Table 10. Correlation tests between instantaneous mortality rates (Z) and annual
exploitation rates of river herring from ‘Great Bay Indicator Stock’ locations
between 1991 and 2023 (Plots in Figure 3).

Cocheco River Lamprey River Oyster River
Year z Exp.loitation Rate Year z Exp!oitation Rate Year z Exp.loitation Rate
(single years) (single years) (single years)

19911 0.92 0.0% 19911 0.81 23.5% 1991 1.02 0.2%
1992| 0.81 0.1% 1992 1.17 47.1% 1992 0.71 0.5%
1993 1.67 0.1% 1993 1.77 0.0% 1993 1.82 2.2%
1994 1.00 0.0% 1994 1.35 0.0% 1994| 0.84 0.1%
1995 1.27 0.0% 1995 1.43 7.2% 1995 1.44 0.1%
1996 0.82 0.0% 1996 1.16 7.3% 1996 1.20 1.6%
1997 0.87 1.0% 1997 1.08 4.5% 1997 0.76 1.2%
1998| 0.81 0.2% 1998| 0.96 4.9% 1998| 0.95 0.2%
1999 0.82 0.4% 1999 0.94 1.6% 1999 1.83 0.3%
2000 0.78 0.3% 2000 0.80 5.7% 2000 0.83 1.0%
2001 0.86 0.0% 2001 1.11 4.4% 2001 0.71 0.8%
2002 0.76 0.1% 2002 1.23 0.1% 2002] 0.70 0.8%
2003 1.16 0.0% 2003| 0.64 2.7% 2003|] 0.96 0.6%
2004 1.20 0.4% 2004 0.86 0.7% 2004 1.44 1.2%
2005 1.08 0.3% 2005 1.06 0.9% 2005 1.44 1.1%
2006 0.96 2.7% 2006| 0.70 4.1% 2006 1.00 2.0%
2007] 0.81 2.1% 2007] 1.09 0.3% 2007] 0.80 0.3%
2008 0.97 1.7% 2008] 0.85 0.4% 2008] 0.82 0.4%
2009| 0.74 1.5% 2009] 1.02 7.7% 2009 1.02 0.8%
2010 0.84 1.9% 2010 0.75 5.8% 2010 1.26 0.6%
2011) 1.00 0.0% 2011] 1.01 6.0% 2011) 0.75 0.1%
2012 1.60 0.0% 2012 1.15 1.6% 2012 1.41 0.0%
2013] 0.82 0.1% 2013] 0.59 0.7% 2013 1.95 0.0%
2014 1.00 0.0% 2014 0.85 2.2% 2014 2.33 0.0%
2015 1.37 0.0% 2015 0.80 2.7% 2015 0.89 0.0%
2016 1.01 0.0% 2016 1.47 0.1% 2016 1.04 0.0%
2017 1.71 0.0% 2017 1.34 6.3% 2017 1.71 0.0%
2018 1.96 0.0% 2018 0.72 6.0% 2018 0.97 0.0%
2019 0.89 0.0% 2019 1.34 11.4% 2019 1.11 0.0%
2020 2.12 0.0% 2020 0.92 8.7% 2020 0.78 0.0%
20211 1.10 0.0% 20211 0.90 0.0% 20211 1.29 0.0%
2022 0.61 0.0% 2022| 0.84 0.0% 2022] 1.36 0.0%
2023 0.96 0.0% 2023 0.76 0.0% 2023 0.75 0.0%
r? = 0.0748 P = 0.018 r? = 0.0027 P > 0.05 r? = 0.0001 P > 0.05

Significant Not Significant Not Significant

Squamscott/Exeter River Great Bay Indicator Stock

Year z Exp.loilation Rate Year z Exp!oitation Rate
(single years) (single years)
1991 1.02 94.3% 1991] 0.95 6.6%
1992 1.01 83.3% 1992 0.90 6.9%
1993 1.41 88.4% 1993 1.64 2.7%
1994 - 100.0% 1994| 0.85 2.5%
1995 1.72 93.3% 1995 1.45 5.1%
1996 1.39 94.3% 1996 0.99 4.8%
1997 1.01 92.0% 1997] 0.89 13.1%
1998| 0.64 99.2% 1998| 0.78 27.2%
1999 1.26 92.1% 1999 0.97 20.9%
2000] 1.03 98.6% 20001 0.71 24.2%
2001 0.98 77.6% 2001 0.77 13.8%
2002 1.53 88.4% 2002 0.66 12.5%
2003] 0.91 99.7% 2003] 0.96 13.0%
2004 1.19 99.3% 2004 1.16 7.3%
2005 1.27 96.7% 2005 1.20 3.4%
2006 0.69 98.8% 2006 0.79 7.2%
2007] 0.99 97.1% 2007] 0.87 2.1%
2008 0.89 98.8% 2008 1.03 14.2%
2009 0.90 96.5% 2009 0.74 16.7%
20101 1.10 99.4% 20101 1.21 14.6%
20111 0.90 94.4% 2011] 1.01 7.1%
2012 1.35 89.7% 2012 1.07 3.8%
2013] 1.06 93.1% 2013] 0.65 7.4%
2014 1.68 91.7% 2014 0.91 8.2%
2015 1.26 69.9% 2015 0.99 9.5%
2016 0.92 56.0% 2016 1.60 4.1%
2017 - 100.0% 2017 1.48 9.7%
2018 - 99.3% 2018 0.55 9.1%
2019 - 99.8% 2019] 0.83 34.7%
2020 1.66 99.8% 2020 0.87 19.4%
2021 1.34 0.0% 2021 1.15 0.0%
2022 1.28 0.0% 2022 1.07 0.0%
2023 0.99 0.0% 2023 0.67 0.0%
r? = 0.0047 P = 0.001 r? = 0.1118 P = 0.001
Significant Significant




Table 11. Annual river herring returns estimates in the Exeter River between
2021 and 2023 derived from Visual Time Counts, with associated
standard error values.

Total Return SE
Year (Number)
2021 167,400 49,852.04
2022 273,228 33,273.73
2023 234,948 30,334.74




Table 12. Annual number of river herring harvested by state-permitted coastal harvesters in New Hampshire by location
between 1991 and 2023; Areas used to calculate the harvest portion of the annual ‘Great Bay Indicator Stock’ used
to set the sustainability target are shown.
Statewide Total Great Bay % of
Year Copheco Lar_nprey Oyster E>_<eter Winnicut Be.llamy Salmpn Great Little Portsmouth+ Pisc_ataqua All O_ther River Herring E§tuary River Statewide
River+ River+ River+ River+ River+ River+ | Falls River+ [ Bay+ Bay+ River+ Locations Harested Herring Harvested Total
(# Fish) (# Fish)

1991 ol 9155 320 5,139 152 1,504 163 0 0 0 61 200 16,784 16,584 99%
1992 58 14,700 796 2,681 70 0 41 12 0 0 0 1,186 19,544 18,358 94%
1993 43 0 1,666 2,124 18 60 132 0 10 0 0 210 4,263 4,053 95%
1994 2 0 103 3,497 43 81 120 26 0 0 0 8 3,880 3,872 100%
1995 4 1,230 94 8,197 20 351 288 13 0 0 2 77 10,276 10,199 99%
1996 0 880 1,369 4,127 1,034 283 262 2 0 0 18 48 8,023 7,975 99%
1997 310 1,050 683 14,882 70 77 1,232 0 0 0 32 0 18,336 18,336 100%
1998 38 820 203| 46,368 0 974 1,642 0 190 0 25 1,854 52,115 50,261 96%
1999 72 320 265| 33,045 0 579 2,548 10 0 250 73 935 38,097 37,162 98%
2000 100 1,550 690 38,628 73 757 1,423 0 25 0 96 940 44,282 43,342 98%
2001 0 1,814 558 23,219 0 1,123 1,314 0 160 0 60 10 28,258 28,248 100%
2002, 40 42 473 25,443 0 1,142 255 0 0 0 0 0 27,395 27,395 100%
2003| 34 1,786 302 25,763 0 267 382 45 0 0 0 0 28,579 28,579 100%
2004 171 481 650 11,948 0 145 60 0 0 0 0 380 13,835 13,455 97%
2005 50 353 138 1,934 56 694 32 1 0 0 0 0 3,258 3,258 100%
2006 120] 1,009 126 1,369 433 465 4 5 0 0 0 0 3,531 3,531 100%
2007 343 154 45 1,354 239 672 10 0 0 0 0 0 2,817 2,817 100%
2008 538 152 88 13,741 173 571 40 4 0 0 30 0 15,337 15,337 100%
2009 566 3,532 90 13,960 0 838 43 0 0 0 0 0 19,029 19,029 100%
2010, 632 2,053 111 11,754 0 298 83 0 0 0 0 0 14,931 14,931 100%
2011 0 3,236 6 4,330 0 603 51 0 0 0 0 0 8,226 8,226 100%
2012, 1 1,400 0 3,293 12 615 10 30 0 0 0 0 5,361 5,361 100%
2013 20 553 0 7,883 0 506 0 0 0 0 0 0 8,962 8,962 100%
2014 3] 1,940 0 8,760 0 692 0 19 60 0 0 0 11,474 11,474 100%
2015 of 1,925 o] 12889 0 317 0 0 0 0 0 0 15,131 15,131 100%
2016 0 120 0 8,411 4 173 0 0 0 0 1 0 8,709 8,709 100%
2017 0 2,400 0 5,060 0 375 0 0 0 0 0 0 7,835 7,835 100%
2018 0 3,260 0 4,877 0 659 0 0 0 0 0 0 8,796 8,796 100%
2019 o 4480 o 17511 0 661 0 0 0 0 0 0 22,652 22,652 100%
2020, 0 5,400 0 10,236 0 291 0 0 0 0 0 0 15,927 15,927 100%
2021 0 0 0 0 0 0 0 0 0 0 0 0 0 0 =

2022, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 --

2023 0 0 0 0 0 0 0 0 0 0 0 0 0 of -

+ These reported locations are within the Great Bay Estuary and are used to calculate the ‘Return Portion’ of the

‘Great Bay Indicator Stock’ sustainability target.
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Table 13.

Estimates of annual river herring harvest occurring in New Hampshire
waters, derived from the cooperative state/federal Marine Recreational
Fisheries Statistics Survey, with associated proportional standard error
(PSE) values, and reported commercial landings* from the federal

landings database between 1991 and 2023.

State/MRIP Federal Landings Database
Blueback Herring Alewife Blueback Herring Alewife
Year Estlm(a#t('e:(ijsﬁ)arvest PSE Estlm(a#tf'e:(ijs:)arvest PSE Repor(t:?: :;?:;dmgs Reporé:('j: iI;arllr;dlngs
1991 o - 0| - 0 0
1992 of - ol -- 0 19,604
1993 of - ol -- 0 5,352
1994 of - ol - 0 0
1995 o - 408| 77.7 0 0
1996 of - o] - 0 0
1997 o - 0| -- 0 0
1998 ol - ol -- 0 51,988
1999 o - 0| - 0 0
2000 o - o] - 0 0
2001 267| 102.8 15,073| 98.6 0 0
2002 of - ol - 0 0
2003 5,121( 103.3 ol -- 0 0
2004 of - ol - 0 0
2005 78| 72.7 o -- 0 0
2006 of - o] - 0 0
2007 o - 63,323| 51.5 0 2,816
2008 o - 154,208| 71.6 0 16,264
2009 278 76.7 8,045( 88.8 0 1,880
2010 o - 14,681 89.0 0 14,932
2011 ol - ol -- 0 8,226
2012 42| 102.6 34,991 84.2 0 5,362
2013 64| 104.0 22,074| 57.2 0 8,840
2014 5,246| 98.4 61,271| 54.0 0 0
2015 of - o] -- 0 0
2016 of - o] - 0 0
2017 86| 108.4 691| 85.9 0 0
2018 ol - 13,581| 85.4 0 0
2019 10,331| 97.6 2,340( 96.7 0 0
2020 6,720( 106.9 4,239| 61.5 0 11,700
2021 o - o| - 0 0
2022 o] - o| -- 0 0
2023 o] - 0| -- 0 0

* Landings values are in numbers of fish landed by commercial harvesters within New Hampshire waters, but the location of harvest
is exclusively from the EEZ
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Figure 1.

Map of the Great Bay Estuary showing major coastal rivers, and dam
locations.
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Figure 2. Three-year running averages of the number of river herring returning in New

Hampshire at ‘Great Bay Indicator Stock’ locations compared to the geometric

mean catch per haul from the juvenile finfish seine survey conducted in the
Great Bay Estuary between 1999 and 2023.
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Figure 3.

Plots of instantaneous mortality rate against river herring exploitation rates for
individual years, 1991-2023, with associated linear regression and coefficient of
determination (R?) values, for Great Bay Indicator Stock and individual location.
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Figure 4.

Plots of instantaneous mortality rate against river herring harvest for individual years,
1991-2023, with associated linear regression and coefficient of determination (R?) values,
for Great Bay Indicator Stock and individual location.
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Maine River Herring Sustainable Fishery
Management Plan

Draft Maine SFMP Update for ASMFC Review

Note: All confidential data has been removed from this SFMP update. There are no graphs provided that
indicate landings or escapement for the existing commercial fisheries. As a result, sections of Appendix
A will appear incomplete to protect individual harvesters’ information. Because there is only one
harvester per run in Maine’s commercial river herring fisheries all graphs and tables have been removed.
A full copy of the Maine SFMP update was provided to ASMFC to share with individuals who are
approved to access Maine’s confidential fisheries data.

Update Submitted by the Maine Department of Marine Resources to the Atlantic States Marine Fisheries
Commission September 1, 2024
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The draft 2024 Maine River Herring Sustainable Fisheries Management Plan update provided below
contains information that by Maine state law needs to remain confidential. This information may only be
used by the ASMFC River Herring and Shad Technical Committee members while evaluating the
updated river herring management plan. This information may not be shared with any individual or
group outside of this committee. The expectation that this information will remain confidential
facilitates the State of Maine’s ability to collect the best quality data available from individual fishermen
for use in managing Maine’s commercial river herring fisheries.

§6173. Confidentiality of statistics

1. Collection and reporting of statistics. The commissioner may, with the advice and consent of
the advisory council, adopt rules to collect pertinent data with respect to the fisheries, including, but not
limited to, information regarding the type and quantity of fishing gear used, catch by species in numbers
of fish or weight, areas in which fishing was conducted, time of fishing, number of hauls and the
estimated processing capacity of, and the actual processing capacity utilized by United States fish
processors. The commissioner may collect statistics from any source and may require reporting of these
statistics. The information collected by or reported to the commissioner is confidential and may not be
disclosed in a manner or form that permits identification of any person or vessel, except when required
by court order or when specifically permitted under this section. The commissioner may share data
collected under this section with the National Marine Fisheries Service or successor organization for
research or fisheries management purposes, provided that federal laws and regulations protect the
confidentiality of the shared data. The commissioner shall adopt rules to carry out the purposes of this
section. Rules adopted under this section are routine technical rules pursuant to Title 5, chapter 375,
subchapter2-A.
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Maine ASMFC River Herring Sustainable Fishing Plan Update 2024

1. Introduction

The purpose of the Maine Sustainable Fisheries Management Plan (SFMP) is to establish river herring
management goals, objectives, and develop management actions that continue to support and expand
existing river herring resources that provide forage for Maine’s fish and wildlife and offer commercial
fishing opportunities in Maine’s coastal communities. The Maine Sustainable Fisheries Management
Plan establishes population metrics to track and assess the health of Maine’s commercial and
noncommercial river herring populations. Population trend data from fishery dependent and fishery
independent surveys provide information to develop a framework for the management actions used to
make sound management decisions and ensure that Maine meets the goal and objectives of Amendment
2 to the Shad and River Herring Management Pan.

The State of Maine Department of Marine Resources (DMR) and municipalities that harvest alewife and
blueback herring (Alosa aestivalis, Alosa pseudoharengus) collectively known as river herring, operate
under state and federal site-specific management plans that guide the conservation and harvest of river
herring resources. These plans promote and manage commercial and recreational river herring resources
where they occur within the state. Maine formalized river herring management plan formats in 1950,
though management plans and harvest agreements existed prior to this date.

Maine has 39 municipalities that are granted the exclusive right to commercially harvest river herring. In
2024, twenty-three municipalities actively harvest river herring (Table 1). Joint municipal fisheries,
where one or more municipalities harvest the same resource, operate through cooperative agreements
between municipalities bordering a shared waterbody. One example is Winnegance Lake in mid-coast
Maine. Three municipalities, Bath, West Bath, and Phippsburg, which border the spawning habitat along
Winnegance Lake share and coordinate harvest, reporting, and collect biological data from the single
commercial harvest location.

The State of Maine, in accordance with state and ASMFC river herring management plans, conducts a
review of all municipal river herring harvest requests on an annual basis. An annual review of municipal
harvest requests includes analysis of existing commercial harvest practices, escapement, species
composition, age structure, repeat spawning, and mortality estimates. Analysis of biological and run
count data determines the level of commercial harvest or need for management action for populations
that do not achieve SFMP metrics. The most common management actions are additional closed days
for the fishery, additional pre-escapement before harvest can occur, gear modifications, or closing the
fishery.

Directed commercial harvest of alewife or blueback herring does not occur in the mainstem of nine of
Maine’s largest rivers (Penobscot, Kennebec, Androscoggin, Saco, St. Croix, Presumpscot, Machias,
Salmon Falls, and East Machias). Commercial fisheries do exist on the tributaries of larger rivers, for
example, harvest is permitted on the Sebasticook River six miles above its confluence with the



Kennebec. These traditional conservation strategies provide alewife and blueback herring unrestricted
access through large migratory corridors and allows access to spawning habitats upstream. To further
conserve existing river herring populations in coastal waters this plan prohibits the use of all gear types
for directed commercial fisheries for blueback herring or alewife in Maine’s territorial waters (inside
three miles) except for the permitted municipal fisheries (Appendix B).

There are ongoing efforts to improve commercial and noncommercial runs that occur throughout
historic spawning habitats within the state. Dam construction during the last two centuries isolated river
herring from many of the inland waters DMR is trying to restore through alewife and blueback herring
reintroductions. Due to dams without fish passage, the historical significance of anadromous fish to
inland waters was eventually lost and freshwater fish communities, especially recreational game fish,
began dominating these habitats.

In the 1980s, DMR began actively restoring access to historic spawning habitats for anadromous fish.
To initiate restoration activities DMR must receive a permit from the Maine Department of Inland
Fisheries and Wildlife (IFW) before stocking any state water with river herring. The reintroduction of
river herring is not permitted into some historic spawning habitats based on perceived conflicts with
rainbow smelt and recreational sport fish species including landlocked salmon. Establishing a baseline
for reintroduction was important to inland fisheries managers that manage fishing opportunities for
salmon, trout, and bass.

The State of Maine developed an interim restoration stocking target of six fish per surface acre for
alewife stocked by truck into Maine’s inland lake and pond habitats. State resources agencies
established this stocking rate based on the results of a 10-year study (Lake George Report) conducted by
DMR, Maine Department of Environmental Protection (DEP), and Maine Inland Fisheries and Wildlife
(IFW) (Kircheis 2002). The goal of the study was to quantify the effects of a spawning population of
alewife on the resident fish species and zooplankton communities within inland waters.

A stocking rate of six fish per surface acre of lake or pond habitat exhibited no negative effects on
growth rates of resident freshwater fish species. Based on this study, and through an agreement reached
between IFW and DMR, a stocking rate of six fish per acre is used for all truck-stocked restoration sites.
River herring returns at the conclusion of restoration efforts are passed at a rate higher than six fish per
acre. Returns post-restoration are passed at the rate that river herring return to the fishway and may be as
high as several hundred fish per acre.

It is important to note that the experimental stocking rate for this study was arbitrary and the initial
stocking density could be higher and still not demonstrate significant impacts to resident fish species, in
fact it may show significant benefits. The potential alewife population based on historically available
habitat and estimates of current production would exceed 54.5 million fish (Figure 1).



State legislation prohibits stocking river herring or providing passage into several waters within the
state. Most often this is to address concerns regarding spread of non-native fish species, though in some
cases it is targeted at preventing the expansion of river herring populations. Most commercial runs could
expand if they were not constrained by permitting or fish passage restrictions unrelated to the
commercial harvest. One example is the Androscoggin River, Maine’s third largest River where only 1/3
of the historic spawning area is open to river herring restoration. A similar issue occurred on the St.
Croix River when the Maine Legislature ordered modifications to the existing fishways to prevent river
herring from ascending the river. In the 1980s’, soon after the state closed these fishways, the St. Croix
River river herring run declined from a population of 2.8 million returns to approximately 5,000. In
2013, the Maine Legislature reversed its decision and river herring were allowed to pass into a larger
portion of the watershed beginning in 2014. The DMR continues to work with state, federal, and tribal
resource agencies and NGOs to increase access to historic spawning habitats on the St. Croix River and
other rivers statewide.

Figure 1. Estimates of potential alewife returns from historic alewife habitat by watershed

(@235/fish/acre).
Alewife
Watershed Potential
Saco River 720,630
Presumpscot River 147,700
Androscoggin River 2,300,000
Kennebec River 11,143,086
Union River 2,000,000
Penobscot River 14 561,305
St Croix River 22,660,000
Damariscotta 1,034,000
Penobscot
Total 54 566,721

Kennebec St Croix

East Machias

Machias
Saco
St George Narraguagus
Medomak Union
Presumpscot Damariscotta
Sheepscot
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Commercial harvesters and supporters of river herring restoration efforts continue to advocate for
increased passage for river herring. All municipalities that exercise commercial river herring fishing
rights maintain and monitor up and downstream passage during the spring and fall. In 2008, commercial
harvesters began collecting scale samples and biological data from their respective commercial catches
to meet the data collection objectives and anticipated management actions resulting from Amendment 2.
In municipalities which do not exercise their right to fish, river herring returns typically remain below
expectations. In most cases, there is no local interest in providing/improving passage or monitoring these
runs at the municipal level. However, this has changed in recent years with increased funding for fish
passage and renewed local interest in restoring many locations with native sea-run fish species.

Table 1. Maine municipalities with directed commercial river herring fishing rights

Municipality Fishery Municipality Fishery

Alna* Long Pond Meddybemphs Meddybemphs Lake
Arrowsic* Sewall Pond Mount Desert Somes Pond

Bath* Newcastle* Damariscotta Lake
Phippsburg* Winnegance Pond Nobleboro*

West Bath* Orland* Orland River
Benton* Sebasticook River Pembroke Pennamaquan Lake
Boothbay Harbor ~ West Harbor Pond Perry* Boyden Lake
Breman Webber Pond Penobscot Peirce Pond

Bristol Pemaquid Pond Penobscot™ Wights Pond
Cherryfield* Narraguagus River Phippsburg Center Pond
Columbia Falls Pleasant River South Berwick Salmon Falls River
Dresden* Mill Pond Steuben* Tunk Lake

East Machias* Gardiner Lake Sullivan* Flanders Pond
Ellsworth* Union River Surry Patten Pond
Franklin* Great Pond Tremont Sea Cove Pond
Gouldsboro* West Bay Pond Vassalboro* Webber Pond
Hampden Souadabscook Pond Waldoboro Medomak River
Jefferson™ Dyer-Long Pond Warren* St. George River
Kennebunk Alewife Pond West Bath New Meadows Pond
Lincolnville Woolwich* Nequasset Lake
Northport Pitcher Pond

* Towns that currently harvest river herring

2. Current regulations

Commercial Fisheries

In Maine, the directed commercial fisheries for river herring occur through the state’s municipal
governments. State law permits the Commissioner of the Department of Marine Resources to grant
exclusive river herring harvest rights to a municipality entitled to those rights prior to 1974. The State of
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Maine requires municipalities with exclusive river herring harvest rights to file an annual notification
that they wish to maintain exclusive fishing rights. Notification usually occurs through an annual town
meeting or through a town ordnance giving town officials the authority to renew harvest rights on the
behalf of the town. An annual harvest plan, provided by the municipality, is submitted to the Department
of Marine Resources for review and approval for each municipal fishery prior to the fishing season.
Most commercial harvest plans follow the model harvest plan provided below, while some plans have
additional management requirements specific to an individual run. Each municipality restricts the
number of harvesters to one individual who is responsible for harvesting fish under the municipality’s
harvest plan. All commercial fisheries have a 72-hour closed period or conservation equivalency to
insure proper escapement into spawning habitat. Municipal fisheries that operate under conservation
equivalencies are required to pass the minimum number of spawning river herring upstream based on
habitat availability at the rate of 35 fish per surface acre of spawning and nursery habitat and/or provide
additional escapement periods during the season.

Coastal intercept fisheries that historically harvested alewife and blueback herring using stop seines, gill
nets and purse seines closed when the river herring moratorium began in January 2012. These fisheries
harvested large numbers of spent and sub-adult alewife and blueback herring along the coast during the
summer and fall seasons. Large quantities of fish, especially blueback herring, were harvested in
numbers that indicate that these fish were likely not produced in Maine rivers.

Commercial Season

The annual river herring harvest begins when fish arrive at the harvest site, typically the last week of
April, though many runs do not commence until the first week of May. The run timing of commercial
catches is progressively later as you move eastward along the coast. The river herring season ends June
Sth unless the municipality submits a request for a 10-day extension until June 15th. The DMR will
award an extension if environmental conditions delay run timing during the season and river herring are
not available to the commercial harvester during the regular fishing season. Weekly closed periods still
apply, which effectively reduces the extension period to no more than seven and as few as five
additional fishing days for the season. Most years the June 5th end date coincides with the start of the
blueback herring run in Maine rivers, though in recent years blueback herring have arrived earlier in the
season. At some locations commercial harvesters do capture blueback herring toward the end of the
alewife season (Orland, Benton, Warren). Most commercial alewife harvest locations do not support
blueback herring populations. In general, Maine rivers with blueback herring runs see spawning into the
first week of July. Most commercial quantities of blueback herring are found in the mainstems of our
large rivers and larger tributaries and are protected by time/area closures and gear restrictions.

Model Harvest Ordinance for the Harvest of River Herring

Towns are provided with a model harvest plan that may be used as a template for developing a harvest
plan that is specific to their run and harvest location. Most municipalities conduct commercial harvest
with a variation of a weir and trap which allows the harvester the ability to capture the entire run during
a harvest day. The largest threat to harvest gear is high river/stream flows that can make it difficult to



maintain a weir site under high flows and debris loads. During periods of high flow fishing gear may be
removed from the stream or modified to prevent damage. River herring benefit under these conditions
and may pass the harvest location without being captured. The model ordinance provided to the town
contains the following requirements:

1) A minimum unobstructed opening of two feet (2') shall be maintained at all times between the
riverbank and the downstream end of the weir.

2) The maximum mesh size of wire, twine, or other material used in the weir shall not exceed one
inch by one inch (1" x 1").

3) There shall be a 72-hour weekly closed season on alewives from 6:00 a.m. Thursday morning
until 6:00 a.m. the following Sunday morning. During the closed period, a minimum size
unobstructed opening of three feet by three feet (3' x 3') shall be maintained in the upstream and
downstream end of the trap to allow escapement of spawning river herring and other migratory fish.

4) Migratory fish such as salmon, shad, or other species except river herring that enter the trap shall
be removed and allowed to pass upstream.

5) Fishing operations shall cease and all fishing gear obstructing the passage of fish shall be removed
from the fishing waters not later than June 5. If late-run river herring enter the river, the town must
seek written approval from the Department of Marine Resources to extend the season up to, but no
later than, June 15.

6) The total landings in pounds or bushels and value of the catch shall be made available to the
Maine Department of Marine Resources and/or National Marine Fisheries Service. Annual harvest
reports are required by the State and must be submitted by August 1.

Additional Regulations for Streams with Atlantic Salmon Runs
1) The entrance to the dipping pen or trap shall be covered by bars, slats, or spacers with a maximum
width of two inches (2") between said bars, slats or spacers.

2) Dipping of river herring shall be confined to the dipping pen or trap.

The U.S Fish and Wildlife Service lists Atlantic salmon as endangered in all Maine watersheds. There
are no known conflicts with commercial river herring fisheries in the rivers where these fisheries
currently exist. Siting locations of commercial river herring fisheries takes the presence of Atlantic
salmon into consideration, with a goal of keeping migratory routes open for Atlantic salmon migration
upstream. River herring may provide benefits to the Atlantic salmon smolts during emigration by
increasing the numbers of forage fish within the system during smolt migration. The U.S. Fish and



Wildlife Service is currently testing the hypothesis that river herring provide a cover for migrating
Atlantic salmon smolts, lessening predation on smolts during downstream migration to the sea.

Newly Enacted Legislation

The 124™ Maine Legislature passed a law that creates a “Commercial Pelagic and Anadromous Fishing
License and Establishes the Pelagic Fisheries Fund.” The law requires mandatory reporting of all catch
data within 60 days, tracks bycatch for river herring, and provides funding to conduct limited research
(Appendix B). This legislation tracks river herring bycatch statewide and helps identify fishing
locations and gear types that have high incidence of river herring bycatch in coastal waters.

The 126" Maine Legislature passed a law opening up the St. Croix River to the passage of river herring.
“By May 1, 2013, the commissioner and the Commissioner of Inland Fisheries and Wildlife shall ensure
that the fishways on the Woodland Dam and the Grand Falls Dam located on the St. Croix River are
configured or operated in a manner that allows the unconstrained passage of river herring.”

Recreational Fisheries

In Maine, limited opportunities exist for recreational river herring harvest in tidal and inland waters.
Exclusive harvest rights to the most productive river herring waters are granted to the municipalities.
Municipalities may choose to allow a recreational harvest, though most do not permit this activity.
Current state law allows recreational anglers to take 25 fish per day for personal use during the open
fishing days. A 72-hour weekly closed period prohibits recreational river herring harvest from 6:00 a.m.
Thursday morning until 6:00 a.m. Sunday. The closed period allows a weekly migration window for
river herring to access spawning habitat. Recreational anglers are restricted to using hook-and-line and
dip nets to harvest river herring. Few locations in Maine permit recreational anglers to regularly catch
25 fish per day. Recreational harvest activities and gear types are permitted only in areas outside of a
watershed and downstream of the municipal harvest location where exclusive rights are granted by the
State. These restrictions are in place to prevent any harvest of fish allowed to escape the commercial
fishery.

3. Brief Description - Current Status of the Stocks

The State of Maine manages individual river herring runs as separate stocks. These stocks have separate,
well-defined spawning habitats, migration routes, and run timing that make them unique compared to
similar runs throughout the state. Information on individual river herring runs is maintained by the State
and collected through fishery independent and fishery dependent data collection. All commercial river
herring fisheries are monitored through trends in commercial harvest, run counts, biological sampling,
and analysis of scale data collected from the commercial catch. Noncommercial sites are monitored
using run count data, biological sampling, and scale data where these data are collected.

River herring restoration activities continue to produce increasing numbers of adult returns to many
Maine rivers. Restoration activities since 1999 have opened historic river herring habitats that were
inaccessible for the last 150 years on two of the state’s largest rivers. Multiple fishway construction and



fishway replacement projects continue to support access to spawning habitat throughout the state. River
herring returns to the Union, Penobscot, Damariscotta, Dennys, East Machias, Sebasticook, and Orland
rivers and Pushaw and China lakes have all surpassed 1 million adult returns at least once since 2022,
with three of these waters each returning 3-7 million adults.

The most recent peer reviewed coastwide analysis of river herring populations in the Northern New
England (NNE) stock-region are provided in the approved 2024 ASMFC River Herring Benchmark
Stock Assessment (ASMFC 2024). Analysis of these data were presented in the to the American Shad
and River Herring Management Board on August 7, 2024, which accepted and endorsed the assessment.
A summary of the results for the NNE stock-region is provided below:

For many of Maine’s river herring populations stocks were categorized as stable or increasing. The
ASMFC River Herring Stock Assessment Subcommittee (SASC) reviewed eight species-level time
series in the NNE stock-region. ARIMA results indicated five of the six run counts had a greater than
50% chance of being higher than they were in 2009, indicating an improvement in these run counts
compared to run counts prior to Amendment 2. These findings are supported by run count data collected
at fishways in Maine where passage count data are recorded annually. In most cases, significant
increases in returns have occurred over the past 15 years. (Appendix C). For the remaining species-
specific run counts that the SASC investigated trends were classified as non-significant.

There were 11 rivers in the NNE region where run counts did not separate river herring species. Four of
these run counts have continued through 2021 or 2022 while others terminated in early years. Of those
with data through 2021 or 2022 (Androscoggin River, Kennebec River, Saco River, and St. Croix
River), river herring abundance has increased over the last two decades with high probabilities in the
terminal year of being greater than the 2009 reference point. (ASMFC 2024).

Analysis of Maine and New Hampshire fishery independent survey data from the Maine-New
Hampshire Trawl Survey, Merrymeeting JAI Survey and New Hampshire Juvenile Finfish Seine Survey
are trending upward. NNE alewife abundance indices included two juvenile abundance indices. The
assessment indicated that the two NNE fishery independent JAI surveys are significantly positively
correlated with a Rho > 0.5. Trends in ARIMA fits generally indicated increases in abundance for both
adults and juveniles with a high probability of being greater than the Q25 and 2009 index based
reference points. (ASMFC 2024).

For blueback herring, in the CAN-NNE stock-region, there was one species-level time series, a young-
of-year index. ARIMA results indicated it had a very high probability of being above the 2009 index
value and showed an increasing trend in both recent years and over the full time series.

While the NNE and CAN-NNE stock-regions showed the highest proportion of rivers with positive
abundance trends, there were rivers in these stock-regions with high Z rates and/or no sign of increases
since 2009. Mortality estimates for mature fish were only available from scale data for the NNE region.



There was a decreasing trend from the early 1990s until the mid-2000s, then there was an increase until
around 2015 followed by a decrease in the final years of the time series. For the entire time series,
average Z was 1.1/yr and ranged from 0.56/yr to 1.7/yr. For the 33 rivers that had Z estimates since the
last assessment, 19 (or 57.6%) of them had a greater than 50% probability of exceeding the Z40%SPR
reference point (ASMFC 2024).

Maine runs can reflect wide annual variation of Z estimates based on several factors related to the year-
class strength, upstream and downstream passage, annual harvest, escapement, and bycatch in other
fisheries. When assessing Maine’s commercial fisheries, mortality estimates are considered in
conjunction with annual and 3-year average run counts, age structure, species composition, repeat
spawning ratios, and environmental conditions to achieve harvest rates that support Maine SFMP
metrics and create a basis for implementing sound management actions.

Most noncommercial runs are stable at low levels, except where active restoration efforts are improving
run size. Many noncommercial runs are small by nature and experience passage issues that limit
reproduction and run size. Despite commercial closure, many of these runs maintain comparatively
small populations to some larger runs in Maine. Improving upstream and downstream passage and
stocking efforts to rebuild these runs could enable these habitats to produce excess fish for commercial
harvest in the future. At locations where significant restoration projects have occurred during the past 10
years river herring numbers have increased significantly, resulting in river herring runs of more than 1-
million fish in several rivers.

a. Landings

The State of Maine requires mandatory reporting of municipal landings by August 1% of each year.
Trend analysis indicates an increasing trend in state landings for the period 1981 to 2023 (Figure 2).
The Department of Marine Resources also tracks annual landings through time to observe trends by
stock. Total and stock specific annual landings data is becoming less dependable as a metric to assess
the health of commercial runs due to changes in harvest activity. An increasing number of municipal
harvesters are choosing to harvest for personal use or limited retail sale and not fully exploiting the
available population as has occurred historically. Exact escapement numbers are unknown in most
Maine river herring fisheries and are estimated using a ratio of closed days and reported commercial
landings. Population level estimates of escapement and total run size using commercial landings are
the best estimators of population size for most of Maine’s commercial runs. However, reduced
commercial harvest may result in a substantially lower estimate of escapement and total run size when
runs are not actively harvested. To address this issue the Maine DMR is conducting total escapement
counts on some runs where limited harvest is known to exist.

Estimates of annual commercial escapement calculated using fishery independent data as a proxy for
commercial runs can range from 15 — 80 percent. To ground truth estimates of escapement to actual
escapement, runs where daily counts were conducted were used as a proxy for commercial fisheries.
The ratio of the number fish passed on closed days, when commercial fisheries were not allowed, was



compared to open days when commercial fisheries were allowed. These data indicate that consecutive
closed days during the week can achieve a mean escapement rate approximating 42.8 percent of the
annual run. The daily counts at the Sebasticook River fishway indicate escapement similar to those
observed at Brunswick. The escapement rate at the Sebasticook River fishway was 45 percent based
on the numbers of fish passed upstream on fishing days vs non-fishing days. Counts were also
collected at the Weber Pond fishway where an active harvest exists and the numbers of fish that pass
into the pond are counted daily. These data indicate that escapement may exceed the target
escapement of 42.8 percent of the run. Fisheries staff bases these estimates on upstream passage at
fishery independent and fishery dependent locations where actual counts provide total escapement
numbers by day.

Figure 2. State of Maine river landings 1950 — 2023.

State of Maine Municipal River Herring (alewife & blueback herring)
Landings 1950 - 2023
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b. Fishery Independent and Fishery Dependent Indices

Both fishery independent and fishery dependent data are available to provide relative measures of river
herring run health and condition. Most fishery independent data come from the Maine-New
Hampshire Trawl Survey, River Herring JAI Beach Seine Survey, fishway counts, or volunteer fish
counts on rivers without commercial fisheries. Fishery dependent data originate from the commercial
catches and run counts on commercial rivers. Analysis of harvest data alone may not be the best way
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to determine the health of all stock specific runs throughout the state due to recent changes in how
some commercial harvesters conduct individual fisheries. Fewer harvesters are electing to fully exploit
existing harvest days and gear types to maximize harvest for commercial sale. Increasing numbers of
harvesters are harvesting for personal use to meet their existing need for bait in the lobster fishery.
This allows an individual harvester a guaranteed source of bait without the need to be present at the
harvest site through the duration of the harvest season. Harvesters simply elect to open the trap or
remove the gear and allow fish to pass upstream even though they are legally permitted to harvest fish.

Maine-NH Trawl Survey:

The Maine-New Hampshire inshore trawl survey takes place during spring and fall in five regions and
four depth strata along the coast of Maine and New Hampshire. The survey was initiated in the fall of
2000, with the fourth depth strata added in 2003. Regions are based on geologic, oceanographic,
geographic and biologic factors and divided into four depth strata: 5-20, 21-35, 36-55, and 55+
fathoms. Stations are selected randomly to reflect representative conditions within each of the strata,
with a target level of 120 stations per season. Sample gear consists of a modified shrimp net with 2-
inch mesh in the wings and a 1-inch mesh liner in the cod end. Foot rope and head ropes are 57' and
70" respectively, with 6-inch rubber cookies. Indices were developed separately for each season for
each species.
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Indices of abundance from the ME-NH Inshore Trawl Survey for the spring.

ME-NH Spring Inshore Trawl Survey

Alewife Blueback herring

6004

400 4

Index
AU Jo JIND

2004

04

T T T T T T T T
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

Indices of abundance from the ME-NH Inshore Trawl Survey for the fall.

ME-NH Fall Inshore Trawl Survey
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Results from the analysis of the Maine-New Hampshire Trawl Survey data were included in the 2024
ASMFC River Assessment along with additional regional indices of juvenile abundance. The
assessment report presented to the Management Board indicated the following results: For alewife, in
the NNE stock-region, both young-of-year indices had a greater than 50% chance of being higher than
they were in 2009. For blueback herring, in the CAN-NNE stock-region, there was one species-level
time series, a young-of-year index. ARIMA results indicated it had a very high probability of being



above the 2009 index value and showed an increasing trend in both recent years and over the full time
series.

Juvenile Abundance Index:

The JAI survey monitors the abundance of juvenile river herring and American shad in the
Merrymeeting Bay river complex in mid-coast Maine. The survey began in 1979, covering 17 fixed
stations as well as data from a separate juvenile striped bass survey designed to assess the numbers of
juvenile striped bass in the lower Kennebec River. The juvenile abundance survey for the
Kennebec/Androscoggin estuary monitors the abundance of juvenile alosines at 14 permanent
sampling sites. Four sites are on the upper Kennebec River, three on the Androscoggin River, four on
Merrymeeting Bay, one each on the Cathance, Abadagasset, and Eastern Rivers. These sites are in the
tidal freshwater portion of the estuary. Since 1994, DMR added six additional sites in the lower
salinity-stratified portion of the Kennebec River. A total of 120 samples are collected during the
sample season. The sample data is used to calculate the geometric and arithmetic means, SE and
confidence intervals for alewife, blueback herring, and American shad.

The sampling protocol for all stations is similar to that used in the juvenile shad-sampling program on
the Connecticut River. Field staff sample each site once every other week from July to the end of
September. The goal is to sample each site six times during the season. Field staff collects samples
with a beach seine within three hours of high slack water. The seine is made of 6.35 mm stretch mesh
nylon, measures 17 m long and 1.8 m deep with a 1.8 m x 1.8 m bag at its center. One person holds an
end of the seine stationary at the land/water interface, and the boat operator tows the opposite end
perpendicular to shore. After the net fully extends, the boat operator tows the seine in an upriver arc
and pulls the net ashore. The net samples an area of approximately 220 m.
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Geometric Mean

The 2024 River Herring Assessment used the Merrymeeting Bay beach seine survey data as an index
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included the following results.

A young-of-year index from the Maine Merrymeeting Bay Juvenile Alosine survey was available for
1982-2021. Although the index was variable from year to year, there was an increasing trend in the
alewife YOY index over the time series and over the 2009-2021 time period, according to the Mann-
Kendall test. The alewife YOY index in 2021 had a 97% probability of being above the 25th percentile

of the time series, and an 83% probability of being above the 2009 value.

An ARIMA model was fit to only one juvenile blueback herring survey in the CAN-NNE region (ME
Merrymeeting Bay Juvenile Alosine Survey). This survey showed a general increasing trend in
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abundance from the 1980s through mid-2000s, followed by a decrease to 2010, but another increase
back to levels observed in the mid-2000s (ASMFC 2024).

Fishway/Run Counts:

At locations with fishways, annual run data are collected to monitor upstream passage and determine
spawning escapement at locations that provide passage into spawning habitats. The Saco,
Androscoggin, Damariscotta, Union, Penobscot, Sebasticook and St. Croix rivers provide the most
consistent sources of count data, though many other locations conduct passage counts at various levels
depending on location, staffing, and environmental conditions. The time series length and counting
methods vary by site. The counts of river herring runs in Maine fall under two categories: total counts
and subsampled counts. Total counts occur at locations where the state maintains electronic tube
counters or trapping facilities that make electronic or hand counting the total population possible.
Most volunteer or community counts use the VisuCount software and count protocol to determine total
run counts and associated confidence intervals. The VisuCount system works well for volunteer
groups and is adaptable to staffing and funding constraints. Some locations use standardized 10-
minute counts at the beginning of each hour from 7:00 a.m. to 7:00 p.m. throughout the duration of the
river herring run. The methods used to collect volunteer run count data have not changed since 2010.
However, there is an effort to standardize all volunteer counting methods using the VisuCount
program identified by ASMFC as the best existing counting platform for organized volunteer groups
that count river herring.

Fishery Independent Management Triggers for Recreational River Herring Harvest

Fishway 25-Percentile
Saco River 9491
Androscoggin River 25,682
Kennebec River 68,744
Penobscot River 56,390

St. Croix River 20,900
Fishway Totals 169,620
Fishway Mean 76,636
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Harvester Data:

Commercial harvesters collect fishery dependent river herring data as part of their permitted
harvesting activities. Harvesters collect scale samples weekly from their commercial catches and DMR
analyzes the scales to determine species, age, mortality, and repeat spawning history. Scales are used
to calculate mortality estimates based on age and repeat spawning marks. Scale samples are also
collected from several fishery independent locations during the annual river herring run. The total
number of samples collected varies annually, but ranges between 4,200 and 5,500 samples a year.
Scale data time series vary, with the most consistent sampling occurring since 2008.
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¢. Current Habitat Restoration Efforts

Coordinated restoration of historical river herring habitat throughout Maine has been the focus of the
Bureau of Sea-Run fisheries since the early 1970s’, though this has been an ongoing process since the
first dams were built in the mid-18" century. Historical archives demonstrate the importance of
diadromous fish and fisheries as a food source and regional/global commodity. Early inhabitants
petitioned the governor and state legislature to require mill dam owners to install fish passage for
migratory fish. Early attempts to provide passage were met with limited success and were a precursor
to a suite of significant environmental and industrial processes that reduced diadromous fish
populations along the Maine coast for decades.

The Clean Water Act, passed in 1972, helped address water quality issues in Maine’s large industrial
rivers. Though still impacted by water quality issues, rivers were becoming less polluted and
improvements in fish passage technology helped pass those few fish that were returning to Maine
rivers. One of the biggest impacts on recovery of river herring in Maine was the removal of the
Edwards Dam on the Kennebec River at the head-of -tide in Augusta. The removal of Edwards Dam is
notable on a national level because it was the first time FERC refused to relicense an operating hydro-
electric dam. This decision set in place the ultimate removal of the dam and reopened over 100-miles
of habitat for diadromous fish.

Similar success was achieved on the Penobscot River with the removal of two mainstem dams and
construction of a bypass around the Howland Dam. The benefits of the Penobscot River restoration
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projects significantly increased the number of American shad, alewife and blueback herring in the
watershed. These projects demonstrated the ability to successfully restore diadromous fish to the
landscape when restoration projects are properly planned and supported. The success of the Kennebec
and Penobscot river restoration projects have helped to increase the number of restoration sites that
were proposed and are now moving forward.

In 2023, Maine submitted $150 million in requests for 80 projects to restore 1,000 miles of sea-run
fish habitat. Between 2021 and 2023, the Federal Highway Administration awarded $35M for 27
culvert upgrades to open over 100 miles of stream/river and 7,500 pond/lake acres of sea-run fish
habitats. NOAA, USFWS, and NFWF awarded the Maine Department of Marine Resources (DMR)
$22 million to build new fishways on the St. Croix River to improve passage to 680 miles of sea-run
fish habitat and 68,000 pond/lake acres of sea-run fish habitat. The National Fish and Wildlife
Foundation and USFWS awarded DMR $5.3 million to remove dams and build new fishways on the
Sabattus River to open 75 miles and 2,400 pond/lake acres of sea-run fish habitat. These projects will
have a significant impact on future returns and help support continued recovery of diadromous fish in
Maine.

4. Fisheries to Remain Open

Municipality Fishery M unicipality Fishery

Alna Long Pond Jefferson Dyer-Long Pond
Bath Newecastle Damariscotta Lake*
Phippsburg Winnegance Lake* Nobleboro

West Bath Orland Orland River
Benton Sebasticook River Perry Boyden Lake
Cherryfield Narraguagus River Sullivan Flanders Pond
Dresden Mill Pond Steuben Tunk Lake

East Machias Gardner Lake Mount Desert Somes, Long ponds
Ellsworth Union River Vassalboro Webber Pond
Franklin Great Pond, Card Mill Warren St. George River
Gouldsboro West Bay Pond Woolwich Nequasset Lake

* Shared fishery among the municipalities listed
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Proposed fisheries for addition in 2024

Proposed Fisheries for Addition in 2024

Arrowsic Sewall Pond
Bradley Chemo Pond
Glenburn Pushaw Lake
Pembroke Pennamaquan River
Penobscot Wights Pond

Commercial Justifications for the Municipal Fisheries Listed Above:

In the commercial landings graphs provided below, years with extremely low landings or zero landings
for one or more years indicate that fishing during that year did not occur or occurred at very low levels.
Two main reasons for zero landings are 1) the municipality decided to close the fishery for conservation
or other purposes or 2) the harvester fished for a limited number of days due to weather, gear, price, or
other factors that created unfavorable market conditions. In 2005, extreme high water prevented many
commercial fishermen from conducting normal fishing operations during the season. The result was a
major decline in reported statewide landings for 2005. Biological data by river for most river systems,
other than commercial harvest data, are generally unavailable for years prior to 2008 except for locations
where specific short-term scientific studies occurred. The State of Maine and commercial harvesters
began collecting run specific data in 2008 to address concerns presented in ASMFC Amendment 2 to the
Shad and River Herring Management Plan.

The sustainability threshold established in 1984 for most Maine commercial fisheries is 35 fish per
surface acre of spawning habitat. Since 1984, MDMR has used 235 fish/acre to estimate commercial
alewife production in Maine’s lakes and ponds. The Department established this unit production value
from the commercial harvest in six Maine watersheds for the years 1971-1983. Based on these data,
commercial yield was assumed to be 100 pounds/surface acre of ponded habitat. This value is slightly
less than the average of the lowest yield/acre for all six rivers and within the range of yields experienced
in other watersheds. Assuming a weight of 0.5 pounds per adult, the commercial yield equals 200
adults/surface acre. The commercial harvest was assumed to represent an exploitation rate of 85%,
because most alewife runs were harvested six days per week. Exploitation rates on the Damariscotta
River, for example, ranged from 85-97% for the years 1979-1982. When commercial yield is adjusted
for the 15% escapement rate, the total production is 235 adult alewives/acre. This is a conservative
estimate of the numbers of returns based on an average individual weight value of .5 pounds per return,
including blueback herring.

The Maine Department of Marine Resources estimates escapement for commercial runs where actual
counts are not conducted. The estimate is calculated by dividing the number of fishing days allowed by
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the potential number of fishing days in a week then multiplying by the reported landings for the year.
For most fisheries this will be 0.43 * number of fish reported landed for the season.

Fishery Specific Information
a. Commercial
See Appendix A
b. Recreational

Municipalities which maintain historic harvest rights control access to most of the river herring
resources within the state. Municipalities maintain this control through exclusive harvest rights granted
by the Commissioner of the Maine Department of Marine Resources. All locations inhabited by river
herring and managed by a state/municipal harvest plan, are open to recreational harvest if the municipal
harvest plan permits recreational harvest. All recreational harvest must occur below the commercial
fishing location and within the municipality that maintains their river herring harvest rights. The number
of river herring allowed for personal use is 25 river herring per person per day with associated gear
restrictions (hook and line, dip net) down from 120 fish per day allowed prior to 2012.

Most municipalities choose to keep recreational river herring fisheries closed. Municipalities that choose
to keep the recreational fishing closed can do so through the municipal harvest plan. Closing the
recreational harvest prevents recreational harvest at any location within the municipal boundaries or in
the watershed above the municipality that maintains harvest rights.

All locations statewide, outside and below locations controlled by the state’s municipal fisheries, will
remain open to recreational fishing. A limited recreational catch/possession limit of 25 fish per person
per day and gear restrictions will apply along with a statewide closed period to allow escapement of
spawning fish. The statewide closed period for recreational fisheries runs from 6:00 a.m. Thursday to
6:00 a.m. Sunday each week.

Recreational catches of river herring are typically used as bait to catch striped bass, halibut or smoked
and used as food. The State of Maine relies on the MRIP program to collect catch statistics for the
recreational catches of blueback herring and alewife.

5. Fisheries Requested to be Closed (if more specific than statewide)

a. Commercial

The state will close, or keep closed, one or more waters in the towns listed below to the harvest of river
herring until these runs can meet minimum state sustainability requirements and are approved by the
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ASMFC River Herring Management Board. Prior to Amendment 2 commercial fisheries occurred in all
the municipalities listed below. Some of these runs are currently under restoration (*), while others
return viable numbers of fish without supplemental stocking and may support a small harvest in the
future. Most of these runs have passage problems that prevent the current population from increasing to
commercially viable harvest numbers. Returns to these rivers range from 15,500 to 1,139,000
individuals based on actual counts in Surry and Meddybemphs in 2024. All waters in the state of Maine
that are not expressly approved by ASMFC will remain closed to the directed harvest of river herring.

Municipality Municipality Municipality
*Breman Cape Elizabeth Boothbay Harbor
Kennebunk *Phippsburg (Center Pond) Lincolnville
*Bristol Northport South Berwick
*Surry *Waldoboro West Bath (New Medows)
Bath (Weskeag) Hampden *Penobscot (Pierce Pond)
Meddybemphs Tremont

b. Recreational

All locations controlled by municipal fisheries will remain closed to recreational fishing unless
expressly opened within the municipal harvest plan. Any recreational harvest must occur below the
commercial fishing location if there is an active commercial fishery. This requirement is in effect to
protect any river herring escaping the commercial fishery from being harvested upstream. This includes
the watershed or sub-watersheds within the drainage above the municipality. A limited recreational
catch/possession limit of 25 fish per person per day, gear restrictions, and closed days will apply.

All locations statewide outside and below locations controlled by municipal fisheries will remain open
to recreational fishing. A limited recreational catch/possession limit of 25 fish per person per day, gear
restrictions, and closed days will apply.

¢. Incidental
Incidental catch of river herring may occur in small mesh trawl fisheries, weir, bait gill net, and seine
fisheries for other species. There is mandatory catch/bycatch reporting for all of these fisheries. Based

on Vessel Trip Reports (VTR) and Dealer Reports (DR), bycatch in state waters appears to be low. An
existing law requires all commercial fishermen who fish for pelagic or anadromous species to purchase
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the “Pelagic and Anadromous Commercial Fishing License” and requires mandatory reporting of river
herring landings. (Appendix B)

6. Sustainability Targets/Threshold

Sustainability Definition — The number of alewife broodstock needed per surface area of spawning
habitat in Maine to provide alewife populations capable of sustaining annual alewife runs at current
levels while providing surplus broodstock for harvest or increasing run size in the future.

The Maine sustainability threshold established an escapement number equal to 35-fish per surface acre
of spawning habitat which commercial fisheries must meet to retain commercial fisheries status or close
until populations rebuild to meet sustainability metrics. This number is used as the minimum or
threshold value that commercial river herring fisheries may not fall below and continue to fish. This
metric represents the minimum escapement number used historically to provide commercial quantities
of river herring for sustainable harvest and provides a basis from which managers feel the stock can
recover if populations decline. However, the State of Maine requires three consecutive closed fishing
days, or a conservation equivalent, which was developed to ensure that populations do not approach this
minimum threshold value. This plan will achieve escapement numbers through passage counts above
commercial fisheries, closed fishing days, season length, gear restrictions or continuous escapement.

An escapement level of six fish per surface acre is used by the Department to provide broodstock for
initial introductions of anadromous alewife in Maine lakes and ponds under restoration. This number
was developed as the result of a 10-year study researching the effects of alewife introductions into
freshwater habitats. Initial introductory, or restoration stocking, can produce runs that may far exceed
six fish per acre depending on passage and habitat. The six fish per acre escapement number has
demonstrated that it can grow to provide significant run response in a relatively short amount of time
given passage and habitat requirements are supportive of alewife and blueback life history. River herring
restoration projects started on both the Penobscot and Sebasticook rivers using the six-fish-per-acre each
return more than 5-million fish annually as of 2024. Commercial and recreational fisheries are not
permitted at locations where the six fish per acre restoration value is actively used to restore river
herring populations.

Method Used to Develop Spawning Threshold

The minimum sustainability threshold of 35-fish per acre of spawning habitat is the result of a
combination of studies, observations, and documented commercial catches over several years. Maine
uses this minimum sustainability threshold for commercial fisheries that are required to provide
escapement of river herring broodstock from river/lake/pond specific populations.

Since 1984, DMR has used 235 fish/acre to estimate commercial alewife production in Maine’s lakes
and ponds. The Department established this production value from the commercial harvest in six Maine
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watersheds for the years 1971-1983. Based on these data, commercial yield was calculated to be 100
pounds/surface acre of ponded habitat. This value is slightly less than the average of the lowest
yield/acre for all six rivers and within the range of yields experienced in other watersheds. Assuming a
weight of 0.5 pounds per adult, the commercial yield equals 200 adults/surface acre. The commercial
harvest was estimated to represent an exploitation rate of 85%, because most alewife runs were
harvested six days per week. Exploitation rates on the Damariscotta River, for example, ranged from
85-97% for the years 1979-1982. When commercial yield is adjusted for the 15% escapement rate, the
total production is 235 adult alewives/acre.

Results from studies conducted at Damariscotta Lake located in mid-coast Maine in the 1970s -1980s
indicate that increasing the escapement of spawning alewives ranging from 40 to 60 fish per acre caused
the parent progeny relationship to trend downward (Walton, C.J. 1987. Parent-Progeny relationship for
an Established Population of Anadromous Alewives in a Maine Lake. American Fisheries Society
Symposium 1:451 — 454, 1987). The relationship between increased numbers of spawning individuals
and returns 4-5 years later does not support increased escapement rates for many Maine runs. Analysis
of escapement numbers and commercial catches in fisheries with a sustained level of escapement over
several years does indicate a large variation in run size unassociated with the number of spawning fish.

The State of Maine uses an alternative 6-fish per acre target when establishing new river herring runs.
The 6-fish per acre target was established through fisheries work designed to examine the effect of
anadromous alewives on existing sportfish and zooplankton populations in lakes without anadromous
alewives (Lake George Study). The 10-year study conducted by the Maine Department of Inland
Fisheries and Wildlife, Department of Environmental Protection, and the Department of Marine
Resources, determined that stocking six prespawn fish per surface acre does not negatively affect growth
of inland sportfish species including trout, landlocked salmon, or rainbow smelts, but increased numbers
of alewives did change the zooplankton structure in the nursery habitat. Based on the study results, the
Lake George Study remains the basis for the multispecies fisheries management plans in habitats that
receive new introductions of river herring.

7. Monitoring to be Conducted to Support Target(s)

Commerecial

Fisheries staff will continue to use annual landings data, escapement counts, escapement estimates,
mortality estimates, and scale sample data to track relative health of river specific alewife and blueback
herring stocks. Data from the JAI survey will be used to determine changes in juvenile river herring
abundance in the tidal portions of the Kennebec River, Merrymeeting Bay and associated tidal rivers.
The Maine-New Hampshire Inshore Trawl Survey will provide a broader coastwide perspective on
abundance of the mixed stocks of river herring that are found off the Maine coast during the spring and
fall seasons. Both fishery independent indices were used in the 2024 ASMFC Benchmark River Herring
Assessment. Monitoring efforts will continue for all existing commercial fisheries and will occur for all
locations where directed commercial fisheries may open in the future.
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Recreational

For locations where commercial fisheries are permitted, monitoring of the commercial catches and
existing controls will remain in place to assess and support the development of population metrics for
the recreational fishery. For locations where there is no existing commercial fishery, or existing
municipal harvest rights, fishway counts will be used to monitor run size where recreational fisheries are
permitted (Appendix C).

Fisheries staff will continue to use annual run count data, escapement counts, mortality estimates, and
scale data to track relative health of river specific stocks where these data are collected at
noncommercial monitoring sites. Additional data from the JAI survey will be used to determine changes
in juvenile river herring abundance in the tidal portions of the Kennebec River, Merrymeeting Bay and
associated tidal rivers.

8. Proposed Rulemaking to Support Target(s)

Commercial fisheries that cannot support commercial harvest levels above the minimum spawning
threshold or maintain other plan metrics will remain closed for conservation. In addition, this plan
eliminates the directed harvest, possession, and sale of any river herring within state waters other than
the approved directed fisheries contained within this plan. The State has also created a Pelagic Fisheries
license which requires annual harvester reports for all river herring harvest activities (Appendix B).

The Department passed a rulemaking proposal prohibiting the opening of new river herring fisheries as
required by the Atlantic State Marine Fisheries Commission Management Board.

30.02 Limits on River Herring
Beginning January 1, 2012, it shall be unlawful for any person to take, possess, harvest or sell river
herring in the State of Maine or in waters under the jurisdiction of the State of Maine.

Exceptions:

A. River Herring fishing rights. A municipality or an individual with existing river herring harvest rights
granted by the Commissioner in accordance with 12 M.R.S. §6131 are not subject to Chapter 30. The
Commissioner may authorize a future river herring fishery, authorized pursuant to 12 M.R.S. §6131, after
submission of a sustainable fisheries management plan for that fishery by the Department, which is approved
by the Atlantic States Marine Fisheries Commission (ASMFC) Management Board.

Since January of 2012 there has been no additional rule making or statute chances that affect river
herring harvest.

9. Adaptive Management

a. Evaluation schedule
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The Maine Department of Marine Resources will conduct an annual review of all municipal fisheries
harvest plans. Many plans carry over year to year because they demonstrate adequate protection for the
river herring resource. Plan reviews incorporate landings data, escapement counts or estimates,
broodstock needs, effort controls, and compliance with SFMP metrics. There is no plan to change the
review schedule for individual river herring management plans at this time.

b. Consequences or control rules

All Maine directed commercial river herring fisheries operate under a 72-hour closed period or
conservation equivalent. The Maine Department of Marine Resources will extend closed periods,
modify conservation equivalencies, or close fisheries that cannot sustain existing commercial fisheries
and meet SFMP standards. Management actions for fisheries not meeting specific SFMP metrics are
provided below.

Commercial

1) Additional management review and/or individual river specific management plan changes will
occur based on decreasing trends in running three-year averages of annual landings, increasing
time series trends in total mortality (z), trends in repeat spawning rates for fishery dependent and
fishery independent sites, and age structure.

A)  Decreasing trends in running three-year averages of annual run counts
If the run demonstrates a declining trend in the running three-year average of annual run
counts the fishery will close for the following year or additional closed days per week will
be added to the season.

B) Increasing time series trends in total instantaneous mortality (Z) for repeat spawnin

fish

If the fishery does not achieve a Z-estimate of 1.67 or less for repeat spawners for the 3-year
running average the fishery (number of fishing days) will be reduced or fishery closed until
the Z-estimate falls below 1.67.

C)  Decreasing time series trends in repeat spawning rates
If the number of repeat spawning fish for the sample year does not achieve 20 percent, the
fishery (number of fishing days) will be reduced until the annual repeat spawning rate
exceeds 20 percent.

D) Decreasing time series trends in age structure

River herring populations that do not demonstrate the presence of fish ranging in age from 3
to 7 during a three-year period will result in a reduction of fishing days.
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2)

3)

Fisheries staff will review harvest and age data collected from annual returns to assess the need
to increase the number of closed days in the fishery. Due to the variability of river herring runs in
Maine under stable escapement rates, run size, and species composition, runs may exhibit wide
swings in annual assessment values. However, there may be other unforeseen factors that may
require a reduction in allowed fishing days/season (mortality events, disease, extreme
environmental conditions).

The management objective for all commercial fisheries is to ensure that river herring populations
maintain a minimum (35 fish/acre) spawning stock threshold into the future. A commercial
fishery that does not meet the minimum spawning stock escapement established for that system
will be required to close the following season until fishery achieves the escapement goal for that
year.

Recreational

All Maine recreational river herring fisheries operate under a 72-hour closed period (Tuesday 6:00 a.m.
to Sunday 6:00 a.m.). The Maine Department of Marine Resources will extend closed periods, modify
conservation equivalencies, or close fishing on populations that cannot meet the 25" percentile for
fishery independent run counts.

1)

2)

3)

Additional management review and/or changes will occur based on decreasing trends in running
three-year averages of annual landings, increasing time series trends in total mortality (z), and
trends in repeat spawning rates for fishery dependent and fishery independent sites where these
data are collected.

All recreational river herring fisheries not associated with a commercial run will close if the
mean statewide fishway count falls below the 25-percentile for three consecutive years.

Recreational fisheries not associated with a commercial fishery will close regionally if one of the
fishery independent fishway counts fails to achieve the 25-percentile for three consecutive years.
The management objective is to ensure that regional recreational fisheries do not impact
spawning stock on rivers without river specific monitoring. The rivers in table Fishery
Independent Management Triggers for Recreational River Herring Harvest will represent regions

of the state equidistance between fishway locations listed below. The 25-percentile values are
fixed but will be updated once every five years when state River Herring SFMP’s are reviewed
and updated.
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Fishery Independent Management Triggers for Recreational River Herring Harvest

Fishway 25-Percentile
Saco River 9,491
Androscoggin River 25,682
Kennebec River 68,744
Penobscot River 56,390

St. Croix River 20,900
Fishway Totals 169,620
Fishway Mean 76,636
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Appendix A

Note: All confidential data has been removed from this SFMP update. There are no graphs provided that
indicate landings or escapement for the existing commercial fisheries. As a result, sections of Appendix
A will appear incomplete to protect individual harvesters’ information. Because there is only one
harvester per run in Maine’s commercial river herring fisheries all graphs and tables have been removed.
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Alna Commercial Fishery:

The Maine Department of Marine Resources manages eastern branch of the Sheepscot River drainage
for a commercial escapement of 38.2 fish per acre through a conservation equivalent of 20,000 river
herring passed upstream by the harvester throughout the season. The management plan has always
achieved returns to meet the target escapement developed for this system or passed the entire run
upstream. Long Pond was not commercially harvested during the years 2020 — 2023 and only partially
harvested in 2019. The harvester holding the harvest contract through the town of Alna elected not to
harvest during several years of the contract due to access issues at the approved harvest location. Total
run count and biological data are not available for the years 2020 — 2023 but have resumed in 2024.
Commercial harvest occurs in the river just downstream of Long Pond, which is the only accessible
alewife spawning habitat on the east branch of the Sheepscot River. The Department of Inland Fisheries
and Wildlife will not permit alewives access to historical spawning habitat in Sheepscot Pond, or the
watershed above, because of concerns with disease that may affect sport fish raised at a state own fish
hatchery downstream of Sheepscot Pond.

The west branch of the Sheepscot River leading to Branch Pond currently contains very few river
herring due to the lack of a fishway prior to 2024. However, in 2023 the construction of a fishway
leading to Branch Pond now allows access to spawning habitat. The DMR stocked Branch Pond for a
four-year period 2021-2024 to establish a river herring population that is expected to increase as a result
of the new fishway. River herring are not harvested commercially on the west branch of the Sheepscot
River. The town of Alna does retain the right to harvest these fish if populations reach a level of
sustainability in the future and a fishery is approved by ASMFC.

Spawning habitat is available for blueback herring in the river below the newly constructed fishway and
on in the east branch of the Sheepscot River. Incidences of blueback herring in the commercial catches
or biological samples below the fishway are rare. There is no available spawning habitat for alewives in
the Sheepscot River below the commercial fishery and there are no reports of juvenile blueback herring
emigrating from this system in appreciable numbers currently.

The Sheepscot River alewife run would be considerably larger if all historic river herring spawning
habitats were accessible to river herring. Access restrictions to Sheepscot Pond by the Maine
Department of Inland Fisheries and Wildlife prevent river herring from the largest single spawning
habitat within the system. Restrictions at Sheepscot Pond are unlikely to change soon due to disease
concerns related to the IFW sport fish hatchery. Progress on increasing passage efficiency within the
mainstem occurred in 2017 with the removal of the dam at Coopers Mill. The Coopers Mill dam
removal facilitates upstream and downstream passage but is unlikely to increase production significantly
unless blueback herring populations expand.
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Town

River

Lake size Threshold
(acres) (N/acre)

Alna

Sheepscot

532 35
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Coopers Mills Sheepscot No Commercial Fishery
2022 Coopers Mills Sheepscot No Commercial Fishery
2021 Coopers Mills Sheepscot No Commercial Fishery
2020 Coopers Mills Sheepscot No Commercial Fishery
2019 Coopers Mills Sheepscot 53.0 47.00 42.00 11.00
2018 Coopers Mills Sheepscot 30.0 70.00 26.00 4.00
2017 Coopers Mills Sheepscot 14.0 86.00 14.00
2016 Coopers Mills Sheepscot 11.5 88.50 10.30 1.10
2015 Coopers Mills Sheepscot 9.1 91.00 8.00 0.00 1.00
2014 Coopers Mills Sheepscot 41.0 59.00 36.00 5.00
2013 Coopers Mills Sheepscot 33.8 66.20 32.30 1.00 0.50
2012 Coopers Mills Sheepscot 7.2 92.76 6.58 0.66
2011 Coopers Mills Sheepscot 22.0 78.00 22.00
2010 Coopers Mills Sheepscot 4.9 95.15 3.88 0.97
2009 Coopers Mills Sheepscot 19.0 81.00 17.00 2.00
2008 Coopers Mills Sheepscot 10.0 90.00 10.00

Dresden Commercial Fishery:

The Maine Department of Marine Resources manages Mill Stream and Dresden Bog for a minimum
commercial escapement of 35 fish per acre. The spawning escapement need for this system is 5,950
river herring passed upstream through three consecutive closed days per week during the fishery. The
management plan has always achieved returns to meet the escapement threshold developed for this
system or passed the entire run for the season. The DMR does not permit a river herring fishery in the
mainstem of the Eastern River. The Eastern River provides available spawning and rearing habitat for
blueback herring, American shad, shortnose sturgeon and striped bass. The commercial fishery for river
herring occurs upstream of the confluence of the Eastern River at Mill Stream, which leads to spawning
habitat in Mill Stream and Dresden Bog.

The Eastern River is one of several rivers in Maine that protect spawning populations of anadromous
fish through gear restrictions, seasons, and time/area closures. The Eastern River is a free-flowing tidal
river without any upstream barriers to delay upstream passage. There are no estimates of numbers of
blueback herring spawning in the Eastern River, though numbers may be as high as several hundred
thousand based on the available habitat. It is unknown, but unlikely that alewives spawn in the mainstem
of the Eastern River. Biological sample data indicate that blueback herring and alewife may interbreed
in the mainstem of the Eastern River.

32



Lake size Threshold
Town River (acres) (N/acre)

Dresden Eastern 170 35

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Dresden Eastern River 53.6 43.70 30.10 15.50 9.70 1.00
2022 Dresden Eastern River 69.6 28.00 34.70 25.30 9.30 2.70
2021 Dresden Eastern River 64.0 36.00 38.00 21.00 2.00 3.00
2020 Dresden Eastern River 48.0 52.04 32.65 10.20 4.08 1.02
2019 Dresden Eastern River 50.0 50.00 34.21 10.53 5.26

2018 Dresden Eastern River 30.0 70.00 26.00 4.00

2017 Dresden Eastern River 69.3 30.66 30.67 26.67 12.00

2016 Dresden Eastern River 74.3 25.70 44.60 25.70 3.98

2015 Dresden Eastern River 45.5 54.55 41.41 4.04

2014 Dresden Eastern River 29.0 71.00 19.00 8.00 2.00

2013 Dresden Eastern River 50.5 49.45 24.17 9.89 16.48

2012 Dresden Eastern River 24.5 75.52 18.56 3.37 2.53

2011 Dresden Eastern River 22.1 77.87 13.27 8.25 0.59

2010 Dresden Eastern River 52.5 47.51 40.33 8.83 3.31

2009 Dresden Eastern River 38.4 61.60 29.30 5.10 4.00

2008 Dresden Eastern River 29.7 70.30 18.80 6.90 4.00
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Franklin Commercial Fishery:

The Maine Department of Marine Resources manages Great Pond (Grist Mill Stream) for a minimum
commercial escapement of 35 fish per acre. The spawning escapement need for this system is 9,170
river herring passed upstream through three closed days per week during the fishery. The management
plan has always achieved returns that meet the target escapement developed for this system or passed the
total run upstream. There is no spawning below the pond. Beaver dams are a perennial problem at this
location, affecting upstream and downstream migration during periods of low flow. As with many small
coastal runs, access to spawning habitat is influenced by spring and fall water levels necessary to permit
upstream and downstream migration. Spawning does not occur in the stream below or above the
commercial fishery for alewife. Blueback herring are not observed in this system and there are no
historical records to indicate that blueback herring inhabited the stream.

The Franklin fishery at one time only harvested post spawn runback river herring. This practice is not
permitted currently but likely had a significant effect on spawning stock, exploitation rates, and number
of repeat spawning fish within the system historically.

Lake size Threshold
Town River (acres)  (N/acre)

Franklin n/a 262 35
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Harvest location for Great Pond in Franklin, Maine.
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% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Franklin Grist Mill 47.0 53.00 46.00 1.00

2022 Franklin Grist Mill 22.0 78.00 9.00 13.00

2021 Franklin Grist Mill 51.0 49.00 44.00 5.00 2.00
2020 Franklin Grist Mill 28.0 72.00 24.00 4.00

2019 Franklin Grist Mill 53.0 47.00 31.00 19.00 3.00
2018 Franklin Grist Mill 38.1 61.90 29.52 8.57

2017 Franklin Grist Mill 65.1 34.91 53.77 10.38 0.94
2016 Franklin Grist Mill 20.8 79.20 16.00 4.80

2015 Franklin Grist Mill 18.2 81.19 16.83 1.98

2014 Franklin Grist Mill 49.5 50.50 41.58 5.94 1.98
2013 Franklin Grist Mill 43.8 56.17 37.65 6.17

2012 Franklin Grist Mill 13.8 86.17 11.47 2.35

2011 Franklin Grist Mill 28.4 71.63 26.54 1.45 0.36
2010 Franklin Grist Mill 18.8 81.17 16.31 2.50

2009 Franklin Grist Mill 9.7 90.30 8.90 0.80

2008 Franklin Grist Mill 27.6 72.40 19.40 7.10

Nobleboro and Newcastle Commercial Fishery:

The Maine Department of Marine Resources manages Damariscotta Lake for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 153,335 river herring
counted upstream by the hydropower company which owns the fishway. The age and design of the
previous fishway limited the numbers of river herring entering spawning habitat. In 2007 a one million-
dollar fishway renovation significantly improved escapement into spawning habitat in Damariscotta
Lake.

The Nobleboro and Newcastle fishery is a joint fishery conducted by two municipalities at one fishing
location. The current municipal management plan for this fishery permits all river herring arriving at the
fishway during the first week of the season free passage upstream. This fishery is one of two fisheries in
Maine that currently allows continuous escapement of spawning fish throughout the season in addition
to closed days, though traditionally they harvested seven days a week. Historically, Damariscotta Lake
never had a river herring run. The run began in 1806 with the construction of a 42-foot-high fieldstone
fishway and an initial introduction of broodstock from the Sheepscot River. After residents established
the run, fishing rights were granted by the State of Massachusetts in 1810 permitting the fishery to occur
seven days per week. Continuous escapement up the fishway, and into to the lake, occurred throughout
the fishing season. Estimated annual exploitation rates for this run ranged from 85-95 percent from the
early 1800s through 1984.

A tidal stream leads from the Damariscotta River to the base of the fishway. Alewives arrive and depart

the area downstream of the fishway based on the tidal stage in the river. During high tide river herring
enter the tidal stream and attempt to ascend the fishway into Damariscotta Lake. The run is entirely

36



alewife with no blueback herring present in the commercial catches. There is no spawning habitat for
either species below the fishway due to high salinities, but American shad, shortnose sturgeon, and sea-
run brown trout are observed below the fishway.

A hydropower turbine is located at one of the lakes’ two outlets and produces a limited amount of
hydropower during early spring and winter. The hydropower station does not operate during the
downstream migration period for alewife or American eel (July — November). Operation schedules
during the 1960s and 1970s are unknown as are any associated adult or juvenile mortality events.

Damariscotta Lake is an oligotrophic lake that produces small juvenile river herring compared to other
lakes in the area. These juveniles start to emigrate from the lake in early July at total lengths as small as
42mm. Work conducted at Damariscotta indicates that increased escapement levels negatively affect the
numbers of juveniles produced within the lake. Increased stocking rates appear to lead to diminished
yield per adult spawner (Walton 1987). The towns that operate the harvest choose to allow significantly
more adult river herring into the system than recommended by Walton’s research. Escapement into the
lake regularly exceeds 500,000 adults per year and exceeded 900,000 during eight years since 2012 with
five years being more than 1-million adult spawners during the same period.

Lake size Threshold
Town River (acres)  (N/acre)

Nobleboro n/a 4,381 35
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% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Nobleboro Damariscotta 39.0 61.00 29.00 8.00 1.00 1.00
2022 Nobleboro Damariscotta 44.8 55.20 30.50 13.30 1.00
2021 Nobleboro Damariscotta 45.0 55.00 37.00 8.00
2020 Nobleboro Damariscotta 39.0 61.00 31.00 6.00 2.00
2019 Nobleboro Damariscotta 40.0 60.00 32.00 8.00
2018 Nobleboro Damariscotta 34.2 65.79 29.82 4.39
2017 Nobleboro Damariscotta 11.5 88.46 9.62 1.92
2016 Nobleboro Damariscotta 28.0 72.00 13.00 13.00 2.00
2015 Nobleboro Damariscotta 25.6 70.41 23.47 5.10 1.02
2014 Nobleboro Damariscotta 30.4 69.60 14.70 14.70 1.00
2013 Nobleboro Damariscotta 23.8 76.20 22.80 1.00
2012 Nobleboro Damariscotta 16.3 83.70 10.80 4.80 0.80
2011 Nobleboro Damariscotta 33.2 66.80 27.70 5.50
2010 Nobleboro Damariscotta 17.9 82.00 14.40 2.60 1.00
2009 Nobleboro Damariscotta 44.7 55.30 42.60 2.10
2008 Nobleboro Damariscotta 29.7

38



Commercial harvest of river herring at Damariscotta Lake in the 1980s

Entrance to the Damariscotta fishway.
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Upper section of the Damariscotta fishway prior to restoration.

Upper section of the fishway after restoration.
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Bath-West Bath-Phippsburg Commercial Fishery:

The Maine Department of Marine Resources manages Winnegance Lake for a minimum commercial
escapement of 35 fish per acre. The fishery is jointly harvested by three municipalities through
coordination of a single harvest location and contracting with a single harvester. The annual spawning
escapement need for this system is 4,795 river herring passed upstream through the fishway during the
three-day closed period. The management plan has always achieved returns that meet the target
escapement developed for this system or passed the total run upstream. The fishway leads from the tidal
zone directly into the 137-acre spawning habitat provided by Winnegance Lake. This fishery is
typically the earliest of all Maine river herring runs, with river herring arriving as early as March 15.
There is no spawning below the tidal fishway.

The commercial harvester catches blueback herring at this location toward the end of the commercial
fishing season. It is unknown how successful blueback spawning or survival is in the lake. Blueback
herring may drop out of the lake prior to spawning to look for suitable spawning habitat which is not
available in the lake. Field staff have not observed any juvenile blueback herring in biological samples
collected as juveniles emigrate from the lake in the fall.

The fishery at Winnegance Lake is currently on the watch list. Though the fishery currently meets the
minimum escapement levels in the plan, the annual run is below expectations. The cause for the decline
in the annual run is not clear. There are several factors that may be impacting annual returns. In the
early 2000’s the dam at the outlet of the lake was reconstructed to make repairs and improve the harvest
area. The existing Denil fishway is sufficient to pass fish into the lake but the existing configuration may
make it difficult for fish to find the downstream passage. There are periods of time when downstream
passage appears to be nonexistent due to low flow during the summer and fall.

Winnegance Lake is one of several river herring spawning habitats effected by sea level rise. The dam is
low enough that the Kennebec River regularly flows back into the lake during above average high tides.
The salinity of the river water flowing into the lake can be as high as 15ppm. Once this water enters the
lake there is no way for the denser seawater to exit the lake. Prior to the 2017 season the Department
deployed a sonde into the lake soon after ice out to collect water quality data. Data indicates that the
salinity within the deeper parts of the lake can exceed 7ppt during the summer.

In recent years, northern pike and black crappie were illegally introduced into the lake and predation on
adult and juvenile river herring has likely increased. Both species are known to prey heavily on alewives
in Maine’s freshwater ecosystems.

Lake size Threshold
Town River (acres)  (N/acre)

Phippsburg n/a 137 35
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The Winnegance Lake fish trap is located in the lake above the fishway exit.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Bath Kennebec 58.9 41.10 45.20 13.10 0.60
2022 Bath Kennebec 21.0 79.00 14.00 6.00 1.00
2021 Bath Kennebec 14.0 86.00 7.00 5.00 2.00
2020 Bath Kennebec 36.0 64.00 32.00 4.00

2019 Bath Kennebec 10.0 90.00 8.00 2.00

2018 Bath Kennebec 5.3 94.74 5.26

2017 Bath Kennebec 4.0 96.00 2.00 2.00

2016 Bath Kennebec 28.3 74.50 19.60 3.90 2.00
2015 Bath Kennebec 39.0 62.00 34.00 4.00

2014 Bath Kennebec 16.1 83.90 12.90 2.20 1.10
2013 Bath Kennebec 8.8 91.20 7.30 1.50

2012 Bath Kennebec 8.0 92.00 5.00 2.00 1.00
2011 Bath Kennebec 6.5 93.46 4.52 2.01

2010 Bath Kennebec 25.5 74.49 17.35 8.16

2009 Bath Kennebec 9.0 91.00 7.00 2.00

2008 Bath Kennebec
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East Machias Commercial Fishery:

The Maine Department of Marine Resources manages Gardner Lake for a commercial escapement of 35
fish per acre. The spawning escapement need for this system is 176,225 river herring passed upstream
through three closed days per week for the fishery. The management plan had not achieved returns to
meet the 35 fish per acre target escapement developed for other systems for several years prior to 2013.
Recent returns meet escapement objectives and the number of older fish in the population are increasing.
Commercial harvest did not occur in 2020 due to COVID-19 and concerns by the town regarding
gathering at the harvest location.

The mainstem East Machias River system has a large run of river herring that is unexploited. The
mainstem river remains closed as a conservation measure while allowing a larger harvest at the first
tributary on the river at the outlet of Gardiner Lake. An estimated run of 2.1 — 4.5 million river herring
ascend the East Machias’ 9,000 acres of accessible habitat. An unknown number of blueback herring
ascend the river to spawn in the mainstem. These fish are not harvested and are allowed free access up
and down the river. The DMR may allow a higher exploitation rate for Gardiner Lake to keep the
mainstem of the East Machias open to free passage for all anadromous fish, including Atlantic salmon.
The East Machias River has no dams in the mainstem and provides spawning and juvenile habitat for
endangered Atlantic salmon.

For several years prior to 2010 the harvest data from the Gardiner fishery was severely underreported.
Historical landings data that are the basis for calculating escapement indicate escapement into the lake
was far below expectations compared to runs in general. Under new management, and with accurate
landings data, the run is closer to meeting expectations. Additional data collected from this system and
analysis of the 2022 and 2023 scale samples indicate the population is trending in a positive direction. If
indications are that escapement from the commercial fishery is not increasing DMR will impose
additional closed days in 2024.

Lake size Threshold

Town River (acres) (N/acre)
East Machias Chase Mill 5,035 35
Stream
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Chase Mill Stream is a tributary to the East Machias River. Fishing gear is deployed at the top of the
fishway to capture returns to Gardiner Lake.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 East Machias East Machias 10.2 89.80 1.70 5.10 2.50 0.80
2022 East Machias East Machias 34.3 65.70 22.90 8.60 1.90 1.00
2021 East Machias East Machias 35.0 65.00 20.00 12.00 1.00 2.00
2020 East Machias East Machias No Fishery

2019 East Machias East Machias 47.5 52.90 35.30 11.80

2018 East Machias East Machias 27.6 72.38 20.00 5.71 1.90

2017 East Machias East Machias 19.0 81.00 15.00 4.00

2016 East Machias East Machias 17.0 83.00 12.00 4.00 1.00

2015 East Machias East Machias

2014 East Machias East Machias

2013 East Machias East Machias 31.6 68.40 28.00 2.60 1.00

2012 East Machias East Machias 20.5 79.53 14.42 4.69 1.34

2011 East Machias East Machias 50.9 49.05 41.50 9.43

2010 East Machias East Machias 23.2 76.76 22.22 0.00 1.01

2009 East Machias East Machias 17.7 82.30 17.70

2008 East Machias East Machias 6.0 94.30 5.70
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Gouldsboro Commercial Fishery:

The Maine Department of Marine Resources manages West Bay Pond for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 3,500 river herring
passed upstream through three closed days per week during the season. The management plan has
achieved returns to meet the target escapement developed for this system 95% of the years during the
past 20-year period or passed the entire run upstream. The fishery failed to meet the escapement
threshold in 2017, and the run was closed for 2018 and resumed in 2019. The run is comprised of all
alewife and spawning does not occur below the fishery for either alewife or blueback herring.

Lake size Threshold
Town River (acres) (N/acre)

Gouldsboro n/a 100 35
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Fishway, fishing location, and trap deployed in the Gouldsboro alewife fishery.
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% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Gouldsboro N/A 38.0 62.00 31.00 6.00 1.00
2022 Gouldsboro N/A 19.0 81.00 18.00 1.00

2021 Gouldshoro N/A 10.0 90.00 9.00 1.00

2020 Gouldshoro N/A 39.0 61.00 32.00 6.00 1.00

2019 Gouldsboro N/A 8.0 92.00 8.00

2018 Gouldshoro N/A 17.1 82.86 13.33 2.86 0.95

2017 Gouldsboro N/A 2.8 97.22 2.78

2016 Gouldshoro N/A 7.8 92.20 5.60 2.20

2015 Gouldsboro N/A 26.6 73.42 22.15 3.17 1.27

2014 Gouldsboro N/A 17.6 82.40 13.60 4.00

2013 Gouldsboro N/A 333 66.70 30.10 2.70 0.50

2012 Gouldsboro N/A 22.2 77.80 22.20

2011 Gouldsboro N/A 33.8 66.15 30.76 3.07

2010 Gouldsboro N/A 17.5 82.50 15.00 2.50

2009 Gouldsboro N/A 17.9 82.10 3.60 14.30 4.00

2008 Gouldsboro N/A 29.7 52.40 47.60
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Orland Commercial Fishery:

The Maine Department of Marine Resources manages the Orland River system for a minimum
commercial escapement of 35 fish per acre. The spawning escapement need for this system is 39,655
river herring passed upstream through three closed days per week during the fishery. The management
plan has achieved returns to meet the target escapement developed for this system for 95% of the years
during the past 20-year period or passed the entire run upstream. In 2005 floodwaters limited the
commercial catch and the numbers of fish that migrated upstream could not be accurately estimated. It is
assumed that most of the run passed upstream after floodwaters receded. Only a portion of historic
spawning habitat in the Orland River watershed is accessible to river herring. Access to many of the
historic spawning habitats is excluded due to conflicts with sport fish species. There is no expectation
that additional habitat will reopen in the near future.

In addition to the closed fishing days the fishery is required to release 200 bushels of alewives upstream
to support alewife spawning in Toddy Pond further up in the drainage. This management action was
enacted in response to a shift in species composition in the commercial samples which indicated an
increase in blueback herring presence without an increase in total river herring landings. Historically
blueback herring accounted for 2-5% of the annual river herring catch. In recent years the proportion of
blueback herring had increased above 50%. Data suggested that the alewife component of the run was
declining, and these data were supported by independent fishway counts of alewives into Toddy Pond.
Recent fishway count data and biological samples show an increase in the alewife proportion of the run
during the past three years.

The State of Massachusetts granted the municipality of Orland exclusive harvest rights in 1805. Orland
is one of two fisheries that DMR permits to use tidal weirs to fish for river herring due to the size of the
river at the fishing location. Like the smaller box traps, tidal weirs can capture the entire run entering the
river during the open fishing days. Once river herring pass the fishery, they are prevented from falling
back below the weir because the weir spans the entire river at low tide, preventing them from reentering
the fishery. Fish remain in the river below the dam while they locate the fishways that provide passage
upstream. The Orland River, before it was dammed, likely contained runs of American shad and Atlantic
salmon. There have been no observations of either species at this location by field staff or the harvester
during the past 20 years.

There is no spawning below the tidal fishways on the Orland River for either species of river herring.
The first dam on the Orland River has two Alaska Steep Pass fishways which provide upstream passage
and at above average high tides the fish can swim over the dam. Neither of the Alaska Steep Passes are
available during two hours on either side of low tide.

Lake size Threshold
Town River (acres)  (N/acre)

Orland Orland 1,133 35
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Tidal weir located in Orland, Maine

Commercial catches of river herring in May 2010 (left) and May, 1970 (right).
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Orland Orland River 28.8 66.00 22.00 9.00 2.00 1.00
2022 Orland Orland River 22.0 78.00 17.00 4.00 1.00
2021 Orland Orland River 38.0 62.00 30.00 6.00 2.00
2020 Orland Orland River 47.0 53.00 30.00 16.00 1.00
2019 Orland Orland River 17.0 69.64 26.78 3.57
2018 Orland Orland River 28.3 7171 23.23 5.05
2017 Orland Orland River 28.0 72.00 22.00 6.00
2016 Orland Orland River 23.1 76.90 19.25 1.92 1.92
2015 Orland Orland River 20.4 79.61 13.59 6.80
2014 Orland Orland River 16.7 83.33 15.33 1.33
2013 Orland Orland River 14.1 85.90 11.10 1.50 1.50
2012 Orland Orland River 15.0 85.00 10.00 5.00
2011 Orland Orland River 60.0 39.89 58.08 2.02
2010 Orland Orland River 25.0 75.00 21.00 4.00
2009 Orland Orland River 22.2 77.80 20.20 2.00
2008 Orland Orland River 17.2 82.80 17.20

Steuben Commercial Fishery:

The Maine Department of Marine Resources manages this system for a minimum commercial
escapement of three fish per acre. The spawning escapement need for this system is 6,213 river herring
passed upstream by closing the harvest three days per week. The management plan has achieved returns
to meet the target escapement developed for this system or passed the entire run upstream. The Steuben
system is located several miles inland and is severely limited by beaver activity along the 15-mile-long
brook leading to spawning habitat at Tunk Lake. Alewife production at this site depends on high water
during both the spring and fall seasons. As a result, production from this system varies widely. This is
one of several systems with landlocked salmon, lake trout, and rainbow smelt that the Maine
Department of Inland Fisheries and Wildlife manages for sport fish. Commercial samples indicate the
fishery is comprised solely of alewife. There is no known spawning for either river herring species
within the mainstem river or streams leading to the spawning habitats.

Due to water quality issues associated with its oligotrophic characteristics, Tunk Lake produces very
small juvenile alewives that emigrate to sea from July — October. The lake is nutrient poor and is not as
productive as other lakes in the region. It is unlikely that increased escapement beyond the 3 fish per
acre would produce consistently higher annual returns. The Steuben commercial fishery was closed
during the period 2018 — 2020 for failing to meet SFMP sampling and repeat spawning metrics. The
commercial harvest resumed in 2021.
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River

Lake size Threshold
(acres) (N/acre)

Steuben

Tunk Stream

2,071 3
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Steuben Tunk River 59.0 41.00 47.00 7.00 5.00
2022 Steuben Tunk River 41.6 58.40 23.80 8.90 7.90 1.00
2021 Steuben Tunk River 47.6 52.38 22.86 15.24 7.62 1.90
2020 Steuben Tunk River 50.0 50.00 32.00 13.00 4.00 1.00
2019 Steuben Tunk River 53.0 46.46 34.34 17.17 0.00 2.02
2018 Steuben Tunk River 27.0 73.00 23.00 2.00 2.00
2017 No Samples No Samples
2016 Steuben Tunk River 16.7 83.30 10.40 4.20 2.10
2015 Unreadable Unreadable
2014 Steuben Tunk River 16.8 83.17 7.92 8.91
2013 Steuben Tunk River 48.0 52.00 48.00
2012
2011 Steuben Tunk River 20.6 79.38 14.40 6.18
2010 Steuben Tunk River 19.6 80.40 15.70 2.00 2.00
2009
2008

Webber Pond Commercial Fishery:

The commercial fishery at Webber Pond in Vassalboro began in 2009 as the result of a restoration
project initiated by the Maine Department of Marine Resources in 2000. Until 2009 alewives were
unable to reach spawning habitat in Webber Pond unless they were hand-dipped over the dam. Upstream
passage now provides access to spawning habitat within this municipality. The Maine Department of
Marine Resources manages this system for a minimum commercial escapement of 35 fish per acre. The
municipality currently chooses to have the commercial harvester pass at least 18,000 alewives into
spawning habitat before commercial harvest can commence. The minimum spawning escapement need
for this system is 42,035 river herring passed upstream through three closed days per week during the
season. The management plan has achieved the target escapement developed for this system during all
years that the commercial harvest has occurred. Current returns to the commercial fishery are the result
of trap and transfer operations that initially stocked the system with approximately 6 fish per acre though
an agreement with the Maine Department of Inland Fisheries and Wildlife.

There is no spawning in the stream leading to Webber Pond. Like many of the small streams that lead to
spawning habitat in lakes and ponds in Maine the stream is often plugged with beaver dams. The
harvester must obtain a permit to remove these dams prior to downstream migration in the fall and the
spawning run in the spring.

Lake size Threshold
Town River (acres)  (N/acre)

Vassalboro n/a 1,201 35
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Outlet dam at Webber Pond. The commercial fishery occurs upstream and to the left of the dam.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Vassalboro Sewven Mile 7.1 92.90 4.00 2.00 1.00

2022 Vassalboro Seven Mile 12.0 88.00 10.00 2.00

2021 Vassalboro Sewven Mile 20.0 80.00 7.00 10.00 3.00

2020 Vassalboro Sewven Mile 40.0 60.00 29.00 8.00 2.00 1.00
2019 Vassalboro Sewven Mile 43.8 56.19 36.19 4.76 1.90 0.95
2018 Vassalboro Sewven Mile 19.0 80.95 9.52 9.52

2017 Vassalboro Sewven Mile 62.0 38.00 48.00 14.00

2016 Vassalboro Sewven Mile 36.0 64.00 30.00 6.00

2015 Vassalboro Sewven Mile 14.0 86.00 12.00 2.00

2014 Vassalboro Sewven Mile 23.3 76.80 18.20 5.10

2013 Vassalboro Seven Mile 36.3 63.70 31.40 3.90 1.00

2012 Vassalboro Sewven Mile 13.3 86.70 10.70 2.70

2011 Vassalboro Seven Mile 75.8 24.19 50.00 24.19 1.16

2010 Vassalboro Seven Mile 25.2 74.80 13.80 10.60 0.80

2009 Vassalboro Sewven Mile 12.9 87.10 10.60 2.40

2008

57



Ellsworth Commercial Fishery:

There are two large dams on the Union River. The largest is the Ellsworth dam, approximately 66.7 feet
high and has four turbine generators with a FERC-authorized capacity of 8.9MW. Graham Lake Dam is
approximately 30 feet high and used only to release water from the Graham Lake impoundment. The
water storage dam can expand the size of Graham Lake to over 9,000 surface acres. Since 1996, the
hydropower owner has artificially propagated the alewife run through a long-term trap and truck
program in lieu of permanent fish passage. Prior to the 1980s the state resource agencies transported fish
above the hydropower facility to initiate a river herring run. These stockings resulted in returns as high
as 1.8 million returning alewives in the mid-1980s. For the past several years the number of alewife
stocked above the hydropower dam occurred as the result of the hydropower company owners trucking
as many fish as possible during the closed fishing days.

In accordance with the 2015-2017 Union River Fisheries Management Plan, the company currently
stocks a minimum of 315,000 alewives annually upstream into Graham and Leonard lakes. Once
150,000 alewives are captured and stocked upstream, harvesting is allowed Monday through Friday each
week. The additional 165,000 alewives are stocked on weekends through June 15 each year to represent
the age structure and species composition of the run throughout the entire spawning period. Once the
harvester attains the stocking goal, the management plan permits the municipality to harvest all
remaining river herring coming up the fishway which ends in the hydropower station parking lot. A
placeholder is in effect to transport blueback herring above the dams if they arrive at the trapping
location. Biological samples indicated that the run is currently comprised entirely of alewife.

In addition to the dedicated downstream passage at the Graham Lake Dam, migrating fish are also
known to pass through the turbines at Ellsworth dam. This can result in high mortality for both adult
and juvenile river herring. The number of repeat spawning fish returning to the Union River is low
compared to all other rivers in Maine. The lack of repeat spawning fish is likely the result of additional
mortality from the turbines and high exploitation rate. As the numbers of fish stocked above the dam
increased the number of repeat spawning fish also increased. The management plan has achieved the
target escapement developed for this system each year during the past 20-year period solely through the
efforts of Black Bear Hydro Partners and the contractors hired for the trap and truck program.

The hydropower facility is a peaking operation where water is stored during the night and passed though
the turbines during the day when power demand is highest. Spill conditions exist for only three weeks
during the early spring ice melt. During the remainder of the year there is no spill over the dam except
during high water resulting from an extreme rain event or station shutdowns that provide spill.

There is no spawning below the dam for either species. The Union River is tidal to the base of the dam
and provides little riverine habitat for any anadromous fish species. Atlantic salmon are present during
some years and when caught in the trap are trucked upstream to spawning habitat. There are several
ponds in the watershed that could support river herring, but alewife reintroductions are not permitted by
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the Department of Inland Fisheries and Wildlife because of perceived conflicts with sport fish species,
rainbow smelt, or hatchery operations.

Lake size Threshold
Town River (acres) (N/acre)
Ellsworth  Union River 7,865 40
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% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Ellsworth Union 32.0 68.00 29.00 3.00
2022 Ellsworth Union 10.6 89.40 6.70 3.80
2021 Ellsworth Union 11.0 89.00 9.00 2.00
2020 Ellsworth Union 45.0 55.00 41.00 4.00
2019 Ellsworth Union 1.1 98.95 1.05

2018 Ellsworth Union 3.9 96.08 3.92

2017 Ellsworth Union 23.8 76.19 20.95 2.86
2016 Ellsworth Union 29.2 70.80 29.20

2015 Ellsworth Union 7.8 92.22 7.78

2014 Ellsworth Union 17.0 83.00 12.00 5.00
2013 Ellsworth Union 12.0 88.00 12.00

2012 Ellsworth Union 10.9 89.10 7.90 3.00
2011 Ellsworth Union 7.9 92.10 7.23 0.65
2010 Ellsworth Union 8.0 92.00 7.00 1.00
2009 Ellsworth Union 7.0 92.30 2.80 4.90
2008 Ellsworth Union 2.0 98.00 2.00

Jefferson Commercial Fishery:

The Maine Department of Marine Resources manages Dyer-Long Pond for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 14,875 river herring
passed upstream through a three-day closed period per week throughout the season. The management
plan has achieved returns to meet the target escapement developed for this system or passed the entire
run during each year for the past 20-year period. This fishery is typical of the smaller commercial river
herring fisheries in Maine. The outlet stream from Dyer-Long Pond is a small coastal tributary to the
lower Sheepscot River. This stream is heavily impacted by beaver activity in the fall that delay
downstream passage and can obstruct upstream passage the following spring if the dams are not
breached or spring flows do not overtop the dams.

The river herring run into Dyer-Long Pond is entirely alewife. Blueback herring are not present in the
commercial catches or samples collected by field staff. There is no spawning habitat below the fishway
for blueback herring or alewife. Poaching along the stream is a problem at times during the spring
migration. The stream is easily accessible at several points along its course to the Sheepscot River.

Lake size Threshold
Town River (acres)  (N/acre)

Jefferson Dyer River 425 35
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Outlet stream from Dyer-Long Pond, fishway leading into the pond and alewife trap at the pond outlet.
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Jefferson Dyer River 9.1 90.90 8.10 1.00
2022 Jefferson Dyer River 11.5 88.50 8.70 2.90
2021 Jefferson Dyer River 30.0 71.15 17.31 10.58 0.96
2020 Jefferson Dyer River 33.7 66.31 23.16 8.42 2.11
2019 Jefferson Dyer River 29.0 71.00 25.00 4.00
2018 Jefferson Dyer River 18.1 81.90 17.10 0.95
2017 Jefferson Dyer River 9.0 91.00 9.00
2016 Jefferson Dyer River 54.7 45.30 53.10 1.60
2015 Jefferson Dyer River 24.8 75.24 20.00 3.81 0.95
2014 Jefferson Dyer River 26.5 73.50 20.60 5.20 0.60
2013 Jefferson Dyer River 23.9 76.10 20.60 3.20
2012 Jefferson Dyer River 34.3 65.70 28.30 5.10 1.00
2011 Jefferson Dyer River 64.0 36.00 62.00 2.00
2010 Jefferson Dyer River 15.2 84.40 14.10 1.50
2009 Jefferson Dyer River 1.8 98.20 1.80
2008 Jefferson Dyer River 62.7 37.25 60.78 1.96

Sullivan Commercial Fishery:

The Maine Department of Marine Resources manages Flanders Pond for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 3,222 river herring
passed upstream through a three-day closed period per week throughout the season. The management
plan has achieved returns to meet the target escapement developed for this period system or passed the
entire run upstream. The harvester monitors the stream during the spring and fall migration periods to
ensure upstream and downstream passage is available. The condition of the outlet dam is poor and water
levels can be difficult to maintain due to leaks which complicate fish passage. There is no spawning in
the stream below or above the fishery other than the lake habitat. Blueback herring are not observed in
biological samples or commercial catches. There are no dams located on the stream, but the previous
fishway and culvert did impede upstream passage at certain flows. In 2012 a new bottomless arched
culvert was installed, eliminating fish passage issues for anadromous fish in this system, though not at
the dam. The commercial fishery was closed during 2021 for failure to meet SMFP metrics, no
commercial fishery occurred in 2022, and a limited fishery occurred in 2023, harvesting only 60 bushels.
The Sullivan fishery is one of the Maine fisheries that harvests primarily for personal use. Using
commercial harvest to estimate escapement if not practical for this location.

Lake size Threshold
Town River (acres)  (N/acre)

Sullivan n/a 92 35
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Fishway leading to spawning habitat in Flanders Pond prior to fall of 2012 (left). Removal of the fish

ladder and installation of a bottomless arch culvert ready for the 2013 alewife migration (right).

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Sullivan N/A 25.2 74.70 24.20 1.00

2022 No Fishery N/A 11.0 89.00 11.00

2021 No Fishery N/A

2020 Sullivan N/A 68.7 31.31 48.48 15.15 5.05
2019 Sullivan N/A 28.0 72.00 20.00 8.00

2018 Sullivan N/A 36.0 64.00 25.00 10.00 1.00
2017 Sullivan N/A 26.0 74.00 24.00 2.00

2016 Sullivan N/A 28.0 72.00 23.00 5.00

2015 Sullivan N/A 48.5 51.52 33.33 8.08 7.07
2014 Sullivan N/A 43.0 57.00 21.00 22.00

2013 No Sampling N/A

2012 Sullivan N/A 8.5 91.50 8.50

2011 No Sampling N/A

2010 Sullivan N/A 11.8 88.20 10.50 1.30

2009 Sullivan N/A 26.3 73.70 23.70 2.60

2008 Sullivan N/A 33.3 66.70 22.20 11.10
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Warren Commercial Fishery:

The Maine Department of Marine Resources manages the St. George River Watershed for a minimum
commercial escapement of 35 fish per acre. The management plan has achieved returns to meet the
target escapement developed for this system. The spawning escapement need for this system is 66,115
river herring passed upstream by a two-day closure of the fishery each week and a delay in deploying
the weir until sometime after May 1 of the fishing year. Due to the size of the weir and spring flows in
the river, deploying the weir and active fishing at this location typically does not occur until the second
week of May. During most years the delay in deploying the weir allows a larger proportion of the
spawning stock to pass upstream compared to typical fisheries. There are several individual and varied
spawning habitats within the watershed that act to support the large river herring run, which consists of
both blueback herring and alewife.

Warren is one of the oldest and most productive commercial fisheries in Maine. The State of
Massachusetts granted Warren exclusive harvest rights in 1802. By 1869 there were 16 dams on the
mainstem of the St George River. The mainstem river is now clear of manmade obstructions and most
spawning habitat is now accessible to river herring, however there are portions of historic habitat that
are still inaccessible in the upper watershed. Dams at lake outlets without fish passage are the biggest
obstacle to the full restoration of the watershed. There are blueback herring mixed in with the
commercial alewife catches toward the end of the fishing season. Blueback herring continue to migrate
upstream in large numbers after the June 5 commercial season closing date. The number of blueback
herring in the system is estimated at 950,000 based on available spawning habitat. There is no spawning
habitat located in the tidal river, below the town fishery, for either species.

Lake size Threshold
Town River (acres)  (N/acre)

Warren St. George 1,889 35
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% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Warren St. George 25.2 74.80 13.50 7.10 3.90 0.60
2022 Warren St. George 28.5 71.50 20.80 6.20 0.00 1.50
2021 Warren St. George 37.2 62.76 22.07 11.03 3.45 0.69
2020 Warren St. George 44.7 55.33 28.67 13.33 2.67

2019 Warren St. George 28.7 71.33 27.33 0.00 1.33

2018 Warren St .George 11.3 88.67 6.67 2.67 2.00

2017 Warren St .George 36.8 63.22 20.65 13.55 2.58

2016 Warren St .George 44.8 55.20 26.40 12.80 5.60

2015 Warren St .George 23.7 76.32 13.16 5.26 5.26

2014 Warren St .George 37.6 62.38 20.79 6.93 9.90

2013 Warren St .George 35.1 64.90 27.40 4.80 2.80

2012 Warren St .George 44.4 55.60 30.50 8.60 5.30

2011 Warren St .George 29.8 70.20 21.91 5.47 2.39

2010 Warren St .George 20.0 80.00 15.00 5.00

2009 Warren St. George 28.0 72.00 22.80 4.00 1.10

2008 Warren St. George 37.0 63.00 24.00 13.00
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Fishing weir located at the head of tide on the St. George River in Warren, Maine.

Cherryfield Commercial Fishery:

The Maine Department of Marine Resources the Narraguagus River for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 29,050 river herring
passed upstream through the three closed fishing days per week throughout the fishing season. The
management plan has achieved the target escapement developed for this system or passed the entire run
each year.

The Narraguagus River is an Atlantic salmon river with a significant number of alewives spawning in
the lakes upstream of the dam located just above the head of tide. DMR fisheries biologists capture
returning Atlantic salmon in a trap before salmon reach the alewife fishery released them into the river
above the dam. A small run of American shad also spawn in the river above the dam and provide sport
fishing opportunities for the region. There is no indication that blueback herring utilize this river based
on commercial samples collected at the fishing location. There is only a short stretch of freshwater
below the dam and there is no evidence that river herring spawn in this stretch of river.
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Lake size Threshold
Town River (acres)  (N/acre)

Cherryfield Narraguagus 830 35
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Commercial alewife fishery above the Cherryfield dam during the 1980s.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Cherryfield Narraguagus 52.5 47.50 40.60 8.90 3.00
2022 Cherryfield Narraguagus 16.0 84.00 10.00 6.00

2021 Cherryfield Narraguagus 50.9 49.12 41.23 8.77 0.88
2020 Cherryfield Narraguagus 44.0 56.00 32.00 9.00 3.00
2019 Cherryfield Narraguagus 66.0 34.00 36.00 23.00 7.00
2018 Cherryfield Narraguagus 32.0 68.00 31.00 1.00

2017 Cherryfield Narraguagus 27.0 73.00 17.00 9.00 2.00
2016 Cherryfield Narraguagus 26.0 74.00 19.00 6.00 1.00
2015 No Sampling

2014 Cherryfield Narraguagus 23.3 76.77 12.12 11.00

2013 Cherryfield Narraguagus 26.7 73.30 22.00 4.00 0.70
2012 Cherryfield Narraguagus 29.0 70.94 20.94 6.10 2.00
2011 Cherryfield Narraguagus 37.0 63.20 32.18 4.60

2010 Cherryfield Narraguagus 20.0 80.00 18.00 1.00 1.00
2009 No Sampling

2008 Cherryfield Narraguagus 29.3 82.80 15.20 2.00
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Woolwich Commercial Fishery:

The Maine Department of Marine Resources manages Nequasset Lake for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 13,720 river herring
passed upstream by the harvester. The management plan has achieved returns to meet the target
escapement developed for this system or passed the entire run each year for the past 20-year period.
This fishery is one of two commercial fisheries that allow constant spawning escapement throughout the
run and is closed for an additional 72-hours during the week. To improve passage the fishway was
rebuilt in 2014 and monitoring of the new passage structure is ongoing. Escapement counts into the lake
are monitored using the VisuCount protocol and provide an alternative method of determining
escapement at this location compared to estimates from commercial catches.

The fishery is located at the entrance to the tidal fishway that leads to Nequasset Lake. The Nequasset
fishery is one of a handful of locations that harvest river herring for food. River herring are salted and
smoked as a seasonal delicacy. Smoked alewives sell for $90.00 per/bushel compared to $35.00
per/bushel for lobster bait. Alewives sold as bait at Nequasset are rationed between the numbers of
fishermen that arrive in the morning to pick up bait. Nequasset, like most fisheries, cap the number of
alewives sold to any one fisherman per day. At Nequasset the daily limit per buyer is 2-4 bushel per day.
The sale format allows the limited amount of bait caught on any one day to supply a larger number of
individual fishermen.

Nequasset Lake is a municipal water supply for several towns in the surrounding area. Maintaining high
water quality is important to the water district. Currently there are no limitations on the number of
alewives permitted into the lake to spawn, though some municipal water districts prohibit alewife
reintroduction. There is no evidence to this point that alewives are causing water quality concerns.

Lake size Threshold
Town River (acres) (N/acre)
Nequasett Kennebec 392 35
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Historic picture of the Nequasset Mill and fish passage to spawning habitat and the trapping facility
prior to 2014 rebuild.

The Nequasset fishway and entrance to the trapping facility after repair in 2014.
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Woolwich Kennebec 7.0 93.00 6.00 1.00
2022 Woolwich Kennebec 20.2 79.00 16.20 2.90 1.90
2021 Woolwich Kennebec 28.6 71.43 10.48 17.14 0.95
2020 Woolwich Kennebec 65.7 34.31 56.86 8.82
2019 Woolwich Kennebec 29.7 70.30 25.74 3.94
2018 Woolwich Kennebec 12.0 88.00 12.00
2017 Woolwich Kennebec 26.0 74.00 20.00 6.00
2016 Woolwich Kennebec 32,5 64.80 28.60 6.70
2015 Woolwich Kennebec 27.6 72.45 27.55
2014 Woolwich Kennebec 11.0 89.00 10.00 1.00
2013 Woolwich Kennebec 20.3 79.70 18.90 1.40
2012 Woolwich Kennebec 15.2 84.80 14.30 1.00
2011 Woolwich Kennebec 15.0 84.96 13.72 0.65 0.65
2010 Woolwich Kennebec 9.1 90.90 7.10 2.00
2009 Woolwich Kennebec 47.5 51.30 43.60 5.10
2008 Woolwich Kennebec 53.8 46.20 38.50 15.40

Perry Commercial Fishery:

The Maine Department of Marine Resources manages Boyden Lake for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 59,570 river herring
passed upstream through a three day per week closure in the fishery. The management plan has achieved
the target escapement developed for this system or passed the entire run each year.

This system has significant issues with beaver dams that restrict upstream and downstream migration
throughout the season. Fish that escape the commercial fishery may, or may not, reach spawning habitat
depending on water conditions. Boyden Lake is a municipal water supply operated by the
Passamaquoddy Indian Tribe. Fluctuating water levels during upstream and downstream migrations
influence the number of annual returns and survival of postspawn adults migrating downstream. The
system is responsive when spawning fish can access the pond. There is no spawning habitat below the
dam for either species of river herring. Beaver dams and low water flows that fail to attract fish to the
stream or fishway entrance are the main obstacles to producing a larger run. Commercial harvest did
not occur for several years prior to 2004.

The fishery in the town of Perry is operated by a commercial fisherman who chooses to harvest fish for
personal use and not commercial retail sale. The harvester elects to pass fish upstream in addition to the
required closed days. As a result, the harvest reported for this system is lower than expected and
estimates of escapement based on harvest are low. The Maine Department of Marine Resources and
Maine Sea Grant periodically install electronic fish counters at this location to assess escapement to
ensure the fishery meets SFMP metrics.
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Town

River

Lake size Threshold
(acres) (N/acre)

Perry

Little River

1,702 35
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Dam and fishway under high flow conditions in 2006. Note harvest box and sluice

pipe located at the corner pool of the fishway used to transport harvested fish into totes.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Perry Little River 14.0 86.00 13.00 1.00

2022 Perry Little River 17.0 83.00 15.00 2.00

2021 Perry Little River 9.0 91.00 6.00 1.00 2.00

2020 Perry Little River 52.0 48.00 16.00 33.00 3.00

2019 Perry Little River 79.0 21.00 54.00 23.00 0.00 2.00
2018 Perry Little River 13.0 87.00 13.00

2017 Perry Little River 14.0 86.00 13.00 1.00

2016 Perry Little River 28.0 72.00 24.00 4.00

2015 Perry Little River 16.8 83.17 11.88 4.95

2014 Perry Little River 8.1 91.90 7.10 1.00

2013 Perry Little River 30.0 70.00 28.00 2.00

2012 Perry Little River 8.1 91.90 7.10 1.00

2011 Perry Little River 21.2 78.80 15.20 6.10

2010 Perry Little River 38.0 62.00 34.00 4.00

2009 Perry Little River 4.0 96.00 4.00

2008 Perry Little River 7.0 93.00 7.00
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Mount Desert Commercial Fishery:

The Maine Department of Marine Resources Somes Pond for a minimum commercial escapement of 35
fish per acre. The spawning escapement need for this system is 3,640 river herring passed upstream. The
municipality of Mount Desert selects to keep the run closed for conservation at this time, though recent
counts indicate that a harvest is possible and has been approved by ASMFC. Fisheries staff began to
collect age and repeat spawning data at this location in 2010. The spawning habitat at this location is
limited and historically never produced large numbers of fish which could migrate to Somes Pond or
Long Pond. Passage is difficult and several fishways are required to reach Long Pond spawning habitat.
The run is entirely alewife based on analysis of the biological samples collected within the system.

The fishway is a tidal fishway that is accessible only as the tide rises to meet the fishway entrance. This
limits the time fish can access the fishway and migrate to spawning location upstream. This is common
at several commercial harvest locations throughout the state. This emphasizes the need to maintain,
clean, and monitor the tidal fish passages daily to ensure unobstructed upstream passage. The harvesters
hired by the municipalities often fill this role, freeing state personnel to address other passage issues. At
this location the local wildlife sanctuary monitors passage and maintains the fishways.

Lake size Threshold
Town River (acres)  (N/acre)

Mount Desert n/a 104 35
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Tidal Denil fishway located in Somes Harbor and Somes Brook leading to Somes Pond.
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3
2023 MDI Somes/Long Pond 35.0 65.00 23.00 11.00 1.00
2022 MDI Somes/Long Pond 51.2 48.80 46.40 4.80
2021 MDI Somes/Long Pond 12.1 87.90 11.10 1.00
2020 MDI Somes/Long Pond 10.1 89.90 8.10 2.02
2019 MDI Somes/Long Pond 21.2 78.72 19.15 2.13
2018 MDI Somes/Long Pond
2017 MDI Somes/Long Pond 6.1 93.94 6.06
2016 MDI Somes/Long Pond 5.0 95.00 5.00

Benton Commercial Fishery:

In 2009, the Town of Benton resumed a commercial fishery for river herring for the first time in 198
years. The fishery is the result of the removal of the Edwards Dam in Augusta, Maine and a ten-year
fisheries restoration program in the Kennebec River and Sebasticook River watersheds. The Maine
Department of Marine Resources currently manages this system for a minimum commercial escapement
of 35 fish per acre. The minimum spawning escapement need for this system is 379,890 river herring
passed upstream into several spawning habitats in the Sebasticook River drainage.

Soon after the restoration project began, the Maine Department of Inland Fisheries and Wildlife and
Maine Department of Marine Resources permitted a limited dip net fishery in the river below the first
dam (2000-2006). DMR staff believes landings for this period were underreported based on the
numbers of fishing permits issued and the number of landings reported at the end of the fishing season.
The DMR closed the fishery in 2007 to allow the municipality of Benton to reacquire historical rights to
the harvest. The Town of Benton conducted its first commercial dip net fishery in the Sebasticook in
2009 and the Town maintained this harvest method through 2024.

The Maine Department of Marine Resources began the Sebasticook River Restoration Project by
stocking 6 fish/acre into available historic spawning habitat as permitted by the Maine Department of
Inland Fisheries and Wildlife. The initial stocking, which placed 57,533 pre-spawn adults within the
10,854 acres of spawning habitat, created an estimated run on the Sebasticook River ranging between
1.5 and 3.5 million fish within six years. There was no permanent upstream passage available until the
State of Maine and conservation groups removed the Fort Halifax Dam in 2008. Prior to 2007, an
unlimited commercial dip net harvest below the first dam on the river captured returning adults. The
fish escaping the fishery remained below the dam until they dropped out of the system during early
summer. Estimates of the number of river herring remaining below the dam ranged from 1.25 - 3 million
individuals.

The mainstem river and several lakes and ponds within the Sebasticook River drainage provide excellent
spawning and nursery habitat for river herring. These habitats currently support one of the largest
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monitored river herring runs in Maine. Restoration efforts in the watershed will continue to open
additional historic spawning areas over the next several years. The Maine Department of Marine
Resources, in conjunction with the hydropower company, operate and monitor upstream passage on the
Sebasticook River. There are two hydropower dams that remain on the mainstem of the Sebasticook
River. Both dams have dedicated upstream and downstream passages for anadromous fish. The passage
efficiency for both sites is currently unknown, though the Benton Falls fishway does pass more than 2
million fish per year on a regular basis and passage counts have been as high as 6.5 million in recent
years.

Upstream passage is a priority at this location with 200,000 fish required to pass upstream prior to
commencing harvest activities. The municipal commercial harvest plan restricts harvest gear at the base
of the hydropower dam to dip nets and cast nets. Discussions on how to improve harvest are occurring
between the harvester and the Town. These gear types permitted severely limit the numbers of fish that
the harvester can access during the fishing season.

Spawning habitat is available in the river above and below the dam for blueback herring and American
shad but not alewife. There is a mix of blueback herring in the commercial alewife catch toward the end
of the season. Most of the blueback herring escape the commercial alewife fishery due to the June 5 end
date for the commercial season. If the species composition in the commercial catch exceeds 60%
blueback herring the commercial fishery is closed for the season, prior to the June 5 closed date. This
management effort is used to provide additional protection for blueback herring colonizing the river
above the Benton Falls hydropower dam. Blueback passage numbers at the Benton fish lift often exceed
1 million during the season.

Lake size Threshold
Town River (acres) (N/acre)
Benton Sebasticook River 10,854 35
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Benton Falls Hydropower Station. The commercial fishery occurs below the dam.

% repeat spawners by

Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Benton Sebasticook 19.0 81.00 14.30 2.90 1.00 1.00
2022 Benton Sebasticook 333 66.70 18.20 11.10 4.00

2021 Benton Sebasticook 55.0 45.00 46.00 6.00 3.00

2020 Benton Sebasticook 31.0 69.00 21.00 7.00 3.00

2019 Benton Sebasticook 29.7 70.33 28.57 1.10

2018 Benton Sebasticook 26.0 74.00 22.00 4.00

2017 Benton Sebasticook 15.0 85.00 10.00 5.00

2016 Benton Sebasticook 31.0 69.00 24.00 7.00

2015 Benton Sebasticook 21.5 78.49 19.35 1.08 1.08

2014 Benton Sebasticook 16.0 84.00 13.00 2.00 1.00

2013 Benton Sebasticook 17.5 82.50 16.25 1.25

2012 Benton Sebasticook 15.0 85.00 11.00 4.00

2011 Benton Sebasticook 16.3 83.67 14.28 1.02 1.02

2010 Benton Sebasticook 60.0 40.00 52.00 6.00 2.00
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Arrowsic Commercial Fishery:

The Maine Department of Marine Resources manages Sewall Pond for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 1,505 river herring.
The management plan for Sewall Pond has achieved the target escapement developed for this system or
passed the entire run for the past several years.

Sewall Pond is the smallest of the existing Maine systems with a current river herring fishery. For the
past five years (2020-2024) the town had the option of operating a limited harvest under an ASMFC
approved addendum to the Maine SFMP, though they elected to harvest during only two of those years
2023-2024. The approval to fish provided through the addendum ended at the conclusion of the 2024
fishing season and DMR is currently seeking ASMFC approval to continue the fishery. The town of
Arrowsic historically fished for river herring and maintained their status regarding exclusive harvest
rights to the river herring resource throughout the moratorium. Harvest was intermittent for several
decades prior to implementation of Amendment 2 and harvest had not occurred for several years
preceding 2012.

Through local efforts to improve passage and support river herring restoration activities, the river
herring run into Sewall Pond has grown to several thousand fish. The largest improvement occurred in
2014 with the installation of a fishway under Route 127 which crosses the outlet of Sewall Pond. The
culvert was failing and passage through the culvert leading to the pond was impossible under most
flows. The culvert was replaced by a state-of-the-art passage corridor that contains a fishway that passes
fish as well a subterranean pathway that passes other species (mammals, amphibians, reptiles).

Sampling conducted by the Arrowsic Conservation Commission documents run counts, run timing, and
species composition of river herring returns. Scale samples collected by the Commission are analyzed
by the Maine Department of Marine Resources to develop and track biological metrics regarding the
Sewall Pond river herring population. The Commission also collects juvenile river herring samples as
juveniles leave the pond and return to the ocean. Most biological data collected from recent returns
originate from the coordinated sampling efforts of the Arrowsic Conservation Commission.

The population of river herring returning to Sewall Pond will likely never expand to reach population
levels over 100,000 returns due to the size of the spawning habitat. The significance of the commercial
fishery is also expected to be very modest. If a fishery is approved for this location beyond 2024 the
Commission has expressed their interest in conducting an annual event or demonstration harvest that
serves as a living history educational opportunity for those in the community and surrounding area. Fish
captured at Sewall Pond in 2023 and 2024 were donated to a local fisherman and were not sold
commercially. Sewall Pond is also experiencing the effects of sea level rise as water from the tidal
Kennebec River enters the pond during extreme high tides.
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Lake size Threshold
Tawn River (Miacre)

Arrowsic Kennebec 43 35
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Installation of the new fish passage and removal of the existing outlet dam and fishway.

Intrusion of water from the Kenebec River into Sewall Pond during an extream high tide event
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Arrowsic Kennebec 20.1 79.90 18.30 1.80
2022 Arrowsic Kennebec 23.8 76.20 13.90 5.90 3.00 1.00
2021 Arrowsic Kennebec 53.9 46.20 30.80 17.90 5.10
2020 No Samples No Samples
2019 Arrowsic Kennebec 46.2 53.76 34.41 10.75 1.08
2018 Arrowsic Kennebec 36.0 64.00 33.33 2.66
2017 Arrowsic Kennebec 213 78.67 16.67 4.67
2016 Arrowsic Kennebec 30.9 69.10 21.80 9.10
2015 Arrowsic Kennebec 36.5 63.46 26.92 3.84 5.77
2014 Arrowsic Kennebec 25.8 74.19 17.74 8.07
2013 Arrowsic Kennebec 50.9 92.59 3.70 3.70
2012 Arrowsic Kennebec 6.4 93.57 6.42
2011 Arrowsic Kennebec 22.0 77.96 19.49 2.54
2010 Arrowsic Kennebec 12.1 87.87 12.12
2009 Arrowsic Kennebec 10.7 89.30 9.20 1.50
2008 Arrowsic Kennebec 28.3 71.74 25.65 2.17 0.43
2007 Arrowsic Kennebec 16.2 83.09 14.07 1.47 1.47

Pembroke Commercial Fishery:

The Maine Department of Marine Resources manages the Pennamaquan system for a minimum
commercial escapement of 35 fish per acre. The spawning escapement need for the Pennamaquan
system is 42,315 river herring. The management plan for Pennamaquan has achieved the target
escapement developed for this system and passed the entire run upstream since 2012.

The Pennamaquan River and lake system supports a run of both alewife and blueback herring. This
system is one of seven systems that contain commercial quantities of both species. The historical fishery
occurred below the fishways on the Pennamaquan River and was commercially active prior to the
moratorium in 2012. A lack of interest by the Town of Pembroke in collecting or providing data to
determine sustainability forced a closure to meet the objectives of Amendment 2. For the past 13 years
the State of Maine, Maine Sea Grant, and Passamaquoddy Tribe have collected run count and biological
data to assess sustainability and reopen the commercial fishery.

Fishway improvements were made to the Pennamaquan fishways in 2014 and have improved passage
into spawning habitat for alewives. The river herring population has responded positively, and returns
continue to increase. Biological sampling is conducted mainly by Maine Sea Grant with assistance by
the Passamaquoddy Tribe and State of Maine. Scale samples collected by Sea Grant are analyzed by the
Maine Department of Marine Resources to develop and track biological metrics regarding the
Pennamaquan river herring population. Run count data were collected using an electronic tube counter
and was deployed and maintained by Maine Sea Grant. As river herring runs increased, the large
numbers of post-spawn downstream migrants were unable to pass downstream through the counting
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tubes. This required the removal of the counting device to allow downstream passage during the later
part of the run. During the periods when the counting tubes were removed upstream migrants were not
counted.

Lake size Threshold
Town River (acres) (N/acre)

Pembroke Pennamaquan 1,2093 35
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Pembroke Pennamaquan 34.0 69.10 20.80 8.10 2.00
2022 Pembroke Pennamaquan 32.2 67.80 18.80 10.10 2.00 1.30
2021 Pembroke Pennamaquan 52.0 48.00 37.33 12.67 2.00
2020 Pembroke Pennamaquan 58.0 42.00 35.00 21.00 2.00
2019 Pembroke Pennamaquan 69.0 31.00 54.00 11.00 4.00
2018 Pembroke Pennamaquan 20.0 80.00 14.00 4.00 2.00
2017 Pembroke Pennamaquan 33.7 66.33 31.63 2.04
2016 Pembroke Pennamaquan 25.5 74.50 19.60 3.90 2.00
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Penobscot Commercial Fishery:

The Maine Department of Marine Resources manages this system for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for this system is 4,735 river herring.
The management plan for Wight’s Pond has exceeded the target escapement developed for this system
for the past 10 years. The escapement for the 2023 season was 927 fish per acre.

For the past five years (2020-2024) the Town of Penobscot conducted a limited harvest under an
ASMFC approved addendum to the Maine SFMP except for the 2023 season when no fish were
harvested. The addendum ended at the conclusion of the 2024 fishing season and the town is currently
seeking ASMFC approval to continue the fishery. The Maine Legislature granted the Town of
Penobscot the right to manage, harvest, and sell alewives in 1828 and the town has maintained their
status to the exclusive harvest rights to the river herring resource throughout the moratorium.

Working with multiple partners, the Town removed a low head dam with an Alaskan Steeppass fishway
and replaced it with a nature-like, pool and weir fishway in 2017. This project improved passage for
adult and juvenile alewife and other fish species. Significant improvements to passage within the system
will continue to support the opportunity to increase run size. The annual alewife counts have more than
doubled since the dam removal.

The town alewife committee is responsible for collecting biological data by recording the length, sex,
and species of each sampled fish, documenting the number of fish entering the pond, run timing, and
harvest amounts when applicable. The committee also collects emigrating juvenile alewives from the
pond outlet as well as juveniles from the Bagaduce River estuary. The Maine Department of Marine
Resources analyzes scale samples collected by the committee to track the biological metrics for the
Wight’s Pond alewife population.

The committee created a public outreach and education program to explain the importance of river
herring and their beneficial impacts on the environment. Partnering with land trusts, non-profits, and
academia, committee members lead field trips for local elementary school children. In 2024, there were
198 students that participated in these trips. For context, many of these rural schools have a K-8
population of less than 60 students.

Due to a robust alewife population, dozens of bald eagles gather in Penobscot, drawing crowds of
spectators. The abundance and diversity of wildlife has raised the environmental awareness of area
residents, which is reflected by the attendance of the Bagaduce River Alewife Celebration which draws
over 300 people to this three-hour event.

The commercial harvest provides the town and harvester with the incentive to be good stewards of the
resource, which is essential to maintaining a sustainable fishery. Municipal revenue from the sale of
alewives is placed in a reserve account that is used to fund fishway maintenance, boat landing
improvements, public outreach, and educational expenses.
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Lake =zize Threshold
Town River (acres)  (Mfacre)

FPenobscot Bagaduce 135 35
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Old dam and fishway located at Wights Pond prior to installation of a nature-like fishway

Nature-like fishway installed at Wights Pond
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Penobscot Wights Pond 36.0 64.00 32.80 2.40 0.80
2022 Penobscot Wights Pond 16.8 83.20 14.40 1.60 0.80
2021 Penobscot Wights Pond 54.0 46.00 43.00 10.00 1.00
2020 Penobscot Wights Pond 26.0 74.00 23.00 3.00
2019 Penobscot Wights Pond 32.0 68.00 28.00 4.00
2018 Penobscot Wights Pond 1.0 99.00 1.00
2017 Penobscot Wights Pond 8.0 92.00 5.00 3.00
2016 Penobscot Wights Pond 24.0 76.00 23.00 1.00
2015 Penobscot Wights Pond 38.0 97.37 2.63
2014 Penobscot Wights Pond 26.7 73.27 25.74 0.99
2013 Penobscot Wights Pond 4.0 96.00 4.00
2012 Penobscot Wights Pond 7.0 93.00 4.00 2.00 1.00
2011 Penobscot Wights Pond 30.6 69.38 24.48 6.12

Glenburn Commercial Fishery:

The Maine Department of Marine Resources manages Pushaw Lake by allowing all returns to access the
lake to spawn. Access to Pushaw Lake was provided through the dam removals on the mainstem
Penobscot River in 2013 and a fishway installed at the outlet dam of Pushaw Lake in 2012. There is
currently no commercial fishery at this location. Commercial fishing for river herring in the region
declined with the construction of multiple dams on the mainstem Penobscot River coupled with heavy
industrial pollution resulting from the logging and paper industries.

If a commercial fishery is approved for this location, it will be managed for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for the Pushaw Lake system is 176,785
river herring. The management plan for Pushaw has achieved the target escapement developed for this

system and passed the entire run upstream since 2016.

Town

River

Lake size Threshold
(acres) (N/acre)

Glenburn

Stillwater River 5,0513 35
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Existing outlet dam at Pushaw Lake prior to fishway installation

Newly installed fishway and overtopping of the dam during the river herring run.
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Glenburn Pushaw Lake 34.1 65.90 22.70 9.00 2.40
2022 Glenburn Pushaw Lake 40.1 59.90 22.40 13.00 4.70
2021 Glenburn Pushaw Lake 42.4 57.60 17.60 18.80 6.00
2020 Glenburn Pushaw Lake 52.0 48.00 34.70 16.00 1.30
2019 Glenburn Pushaw Lake 35.0 65.00 27.70 6.00 1.30
2018 Glenburn Pushaw Lake 28.2 71.80 22.60 5.30 0.30
2017 Glenburn Pushaw Lake 26.4 73.60 22.50 3.90
2016 Glenburn Pushaw Lake 13.5 86.50 12.10 1.40
2015 Glenburn Pushaw Lake 7.4 92.30 7.40 0.40
2014 Glenburn Pushaw Lake 8.3 91.70 8.30
2013 Glenburn Pushaw Lake 7.0 93.00 4.50 2.50

Bradley Commercial Fishery:

The Maine Department of Marine Resources manages Chemo Pond by allowing all returns to access the
lake to spawn. Access to Chemo Pond was provided through the dam removals on the mainstem
Penobscot River in 2013 and a fishway installed at the outlet dam at Chemo Pond in 2010. There is
currently no commercial fishery at this location. Commercial fishing for river herring in the region
declined with the construction of multiple dams on the mainstem Penobscot River coupled with heavy
industrial pollution resulting from the logging and paper industries.

If a commercial fishery is approved for this location, it will be managed for a minimum commercial
escapement of 35 fish per acre. The spawning escapement need for the Chemo Pond system is 40,110
river herring. The management plan for Chemo has achieved the target escapement developed for this
system and passed the entire run upstream since 2014 when natural returns began entering the pond. The
proposed harvest would follow the standard 4-fishing days and 3-nonfishing days per week throughout
the fishing season.

Lake size Threshold
Town River (acres) (N/acre)

Bradley Blackman Stream 5,0513 35
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Newly constructed fishway through the outlet dam leading to Chemo Pond

Lower fishway constructed below the dam
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Bradley Fishery
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% repeat spawners by
Year Municipality River year and frequency R-0 R-1 R-2 R-3 R-4
2023 Bradley Chemo Pond 46.0 54.00 33.00 11.00 1.00 1.06
2022 Bradley Chemo Pond 44.0 56.00 22.00 18.00 4.00
2021 Bradley Chemo Pond 55.0 45.00 24.00 21.00 9.00 1.00
2020 Bradley Chemo Pond 40.9 59.10 26.80 12.80 1.30
2019 No Sampling
2018 Bradley Chemo Pond 23.4 76.60 19.80 3.00 0.60
2017 Bradley Chemo Pond 17.3 82.90 13.60 3.00 0.60
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86134. River herring passaqge; fishways on the St. Croix River

By May 1, 2013, the commissioner and the Commissioner of Inland Fisheries and Wildlife shall
ensure that the fishways on the Woodland Dam and the Grand Falls Dam located on the St. Croix River
are configured or operated in a manner that allows the unconstrained passage of river herring. [2013, c.
47, 81 (NEW).]

SECTION HISTORY
1995, c. 48, 81 (NEW). 2007, c. 587, 81 (RPR). 2011, c. 598, §12 (AMD). 2013, c. 47, 81 (RPR).

86041. Pelagic and Anadromous Fisheries Fund

1. Uses of fund. The commissioner shall use the fund for research directly related to Pelagic or
Anadromous fishery management and the processing of landings data information. The commissioner
may authorize the expenditure of money in the fund for research and development programs that
address the restoration, development, or conservation of Pelagic or Anadromous resources.

2. Sources of revenue. The fund is capitalized by surcharges assessed under Section 2. 12 MRSA
86503. In addition to those revenues, the commissioner may accept and deposit in the fund money
from any other source, public or private.

Sec. 2. 12 MRSA 86503, is enacted to read:

86503. Commercial Pelagic and Anadromous Fishing License

1. License required. A person may not engage in the activities authorized under this section without a
current:

A. Pelagic and Anadromous fishing single license for a resident operator;
B. Pelagic and Anadromous fishing crew license for a resident operator and all crew members;

C. Nonresident Pelagic and Anadromous fishing license for a nonresident operator and all crew
members.

2. Licensed activity. The holder of a Pelagic and Anadromous fishing license may fish for or take or
possess, ship, transport or sell pelagic or anadromous fish that the holder has taken. The license
authorizes crew members aboard the licensee's boat when it is engaged in Pelagic or Anadromous
fishing to undertake these activities, if the license provides for crew members.

3. Exemptions. The licensing requirement under subsection 1 does not apply to activities described in
this subsection.

A. A person may fish for, take, possess or transport any species of pelagic or anadromous fish if they
have been taken by spear gun, harpoon, minnow trap, or hook and line and are only for personal use.

4. Eligibility. A Pelagic and Anadromous fishing license may be issued only to an individual.

5. Fees. Fees for Pelagic and Anadromous fishing licenses are:
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A. Forty-one dollars for resident operator;
B. One hundred eleven dollars for resident operator and all crew members; and
C. Seven hundred and fifty-dollars for nonresident operator and all crew members.

6. Surcharges. The following surcharges are assessed on Commercial Pelagic and Anadromous
fishing licenses issued by the department:

A. For a resident Pelagic and Anadromous fishing license, $150;
B. For a resident Pelagic and Anadromous fishing license with crew, $100; and
C. For a non-resident Pelagic and Anadromous fishing license with crew, $100.

7. Definition. For the purposes of this chapter, "pelagic fish or Anadromous fish" means Atlantic
herring, Atlantic menhaden, whiting, spiny dogfish, alewife, Atlantic mackerel, blueback herring, and
squid, butterfish, scup, black sea bass, smelt and shad.

8. Violation. A person who violates this section commits a civil violation for which a forfeiture of not
less than $100 nor more than $500 may be adjudged.
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Table 1. Fisheries independent monitoring locations to monitor recreational river herring fisheries in Maine.

River Herring

Year Androscoggin Saco Kennebec Sebasticook Penobscot St. Croix

1981 169,620
1982 233,102
1983 601 151,952
1984 2,530 152,900
1985 26,895 368,900
1986 35,471 1,984,720
1987 63,523 2,624,700
1988 74,341 2,590,750
1989 100,895 1,164,860
1990 95,574 1,339,050
1991 77,511 358,410
1992 45,050 203,750
1993 5,202 831 289,720
1994 19,190 2,240 362,930
1995 32,002 9,820 215,133
1996 10,198 9,162 645,978
1997 5,540 2,137 225,521
1998 25,189 16,078 177,317
1999 8,909 31,070 25,327
2000 9,551 25,136 8,569
2001 18,196 66,890 5,202
2002 104,520 20,198 900
2003 53,732 26,760 7,901
2004 113,686 32,801 1,299
2005 25,846 388 22
2006 34,239 7,994 4,094 45,960 11,829
2007 60,662 16,084 3,448 461,412 1,294
2008 92,359 22,563 93,775 401,331 12,261
2009 42,759 2,012 45,754 1,327,915 10,424
2010 39,689 19,258 76,947 1,626,872 222 58,776
2011 54,886 39,597 37,846 2,751,473 2,039 25,124
2012 170,191 28,058 179,357 1,703,520 54 36,168
2013 69,267 43,414 94,456 2,272,492 12,708 16,677
2014 55,953 11,576 108,432 2,282,454 187,438 26,893
2015 71,887 53,891 91,850 2,157,983 782,521 93,503
2016 114,874 22,644 224,990 3,128,753 1,259,307 33,016
2017 49,923 44,929 289,188 3,547,091 1,256,061 157,750
2018 170,040 92,836 307,035 5,579,903 2,174,745 270,659
2019 81,025 55,028 240,594 3,287,702 1,986,910 486,500
2020 34,571 143,240 2,847,095 2,074,324 611,907
2021 54,906 135,198 66,009 3,552,813 1,731,496 549,847
2022 139,326 179,366 83,978 2,779,209 2,852,037 712,670
2023 67,927 1,263 137,752 4,154,124 5,490,383 841,357
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Figure 1. Locations of Recreational River Herring Monitoring Counts.

Figure 2. Total fishway counts for the six rivers used to monitor fish populations.
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Figure 3. Mean fishway counts for the six rivers used to monitor fish populations.
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Figure 4. Fishway counts for the Saco River.
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Figure 5. Fishway counts for the Androscoggin River.
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Figure 6. Fishway counts for the Kennebec River.
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Figure 7. Fishway counts for the Sebasticook River.
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Figure 8. Fishway counts for the Penobscot River.
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Figure 9. Fishway counts for the St. Croix River.
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1. Introduction

American shad (4losa sapidissima) are presently managed under Amendment 3 to the Interstate
Fishery Management Plan for Shad and River Herring. Amendment 3 contains the provision to
close state fisheries for shad (except for catch and release only) for states without an approved
sustainable fisheries management plan (SFMP) by January 2013. The purpose of this SFMP for
Massachusetts is to allow the continuation of shad fishing in the Merrimack and Connecticut
rivers while planning for population restoration in those rivers and others where populations are
low and limited information is available.

2. Current Regulations

American shad are managed in Massachusetts jointly by the Division of Marine Fisheries (DMF)
and the Division of Fisheries and Wildlife (MassWildlife). DMF manages shad passage and
harvest in marine waters up the first dam or head of tide and MassWildlife manages shad passage
and harvest in freshwater above the first dam or head of tide. Under current laws and regulations
no commercial fishery for American shad presently operates within the Commonwealth of
Massachusetts. Under Massachusetts General Laws (Chapter 130), American shad may be taken
by hook and line only. The Code of Massachusetts Regulations (322 CMR 6.17) restricts the
harvest of American shad to the Merrimack and Connecticut Rivers, with a three fish per angler
possession limit. All other waters are catch and release only. Regulations at 322 CMR 4.12
prohibit the landing of net caught shad, even when taken outside of Massachusetts waters in the
Exclusive Economic Zone or in the territorial seas of another state.

3. Current Status of Stocks

Four river systems in Massachusetts support recreational American shad fisheries that are
predominantly catch and release. These are the Merrimack River, the North River and its
tributaries of Pembroke and Marshfield, the Palmer River, and the Connecticut River. Three
other rivers are considered to support shad runs due to recent observations of adult shad during
spring (see Appendix, Table Al). Coastal runs of American shad in the Commonwealth are
relatively small compared to the Mid-Atlantic and South Atlantic regions. The Connecticut and
Merrimack rivers have the most potential to support large American shad runs, both have multi-
jurisdictional anadromous fish management and restoration plans in effect. Following the section
on state-wide reported landings, the plan will be divided into sections on the Merrimack River
and Connecticut River. Finally, brief discussion will be included on the remaining small rivers
that have limited information on existing shad runs or fisheries.

A. Statewide Landings

The prohibition of catching shad by net in 1987 essentially eliminated commercial
harvest in Massachusetts. Since 1987, landings have been reported by the National
Marine Fisheries Service (NMFS) (Table A2), with few shad landings in recent years.
The origin of these harvested shad is uncertain but is expected to some degree to
represent illegal landings made inadvertently within fisheries that were not targeting
shad. Recreational catch estimates are made with high variability; showing higher catch
in the late 1990s and low catch in recent years (Table A3). The recreational survey is also
limited by incomplete statewide coverage of all areas where shad occur.
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Merrimack River

Merrimack River. The Merrimack River flows for 204 km from tributaries in New Hampshire
to the Atlantic Ocean. The lower 78 km of the river are in Massachusetts and the first dam is the
Essex Dam, located at 42° 41° 57.942” N and 71° 09’ 57.086” W at 48 rkm in Lawrence,
Massachusetts. The drainage area of the Merrimack River is 12,970 km?. A US Geological
Survey streamflow gauge station has been maintained since 1923 in Lowell at drainage area
12,005 km? (#01100000) at approximately 66 rkm. Mean monthly discharge for the time series at
this station during the spring are: 19,200 cfs — April; 11,600 cfs — May; 6,580 cfs — June; and
3,950 cfs — July (http://waterdata.usgs.gov/ma/nwis/).

Historically, the shad spawned in the Merrimack River as far in the watershed as Lake
Winnipesaukee in central NH and its tributaries. Prior to dam construction, the shad run in the
Merrimack River supported important fisheries that landed several hundred thousand shad
annually (Stolte 1981). By the late 19" century, Goode (1884) considered the Merrimack River
shad run to be insignificant due to passage barriers. Anadromous fish are managed by the
Merrimack River Anadromous Fish Restoration Program that is comprised of US Fish and
Wildlife Service (USFWS), NMFS, US Forest Service, DMF, MassWildlife, and NH Dept. of
Fish and Game (NH DFG). Fishways are present on the first three dams in the Merrimack River.
The lowermost dam, the Essex Dam, was first built in 1848 and presently has a spillway width of
920 ft and height of 31 ft. Several fish passage facilities have been operated at the dam since
construction. Since 1983 passage has been provided by a fish lift. The fish lift is operated by the
dam owner, Consolidated Hydro, Incorporated Energy (FERC Project No. 2800).

The next dam upstream is the Pawtucket Dam in Lowell MA at 70 rtkm. The Pawtucket Dam was
built in 1830, enlarged in 1876, and presently has a spillway width of 1086 ft and height of 15
feet. A vertical-slot fishway and fish lift at the Pawtucket Dam became operational in 1986. The
fishways are operated by the Lowell Hydroelectric Project (FERC Project No. 2790). The third
dam upstream is the Amoskeag Dam (1075 ft. width, 29 ft. height) in Manchester, NH, at 119
rkm, that has a pool-weir fishway where shad counts are monitored by the NH DFG. The next
two dams in NH (Hooksett and Garvins) presently have no fish passage facilities.

Shad Spawning/Nursery Habitat. There is a large amount of existing and potential shad
nursery habitat in the Merrimack River. Currently, upstream passage in the Merrimack River is
blocked at the Hooksett Dam at 132 rkm. The Merrimack River Shad Restoration Plan (MRTC
2010) estimated that there was approximately 5,687 acres of potential mainstem nursery habitat
downstream of the Hooksett Dam. The plan also identified 700 acres of potential nursery habitat
available in tributaries to the Merrimack River downstream of the Hooksett Dam. Restoring
upstream passage at Hooksett and Garvins would provide another 3,802 acres of habitat currently
unavailable to spawning shad.

The Technical Committee for the Anadromous Fishery Management of the Merrimack River
first introduced a strategic plan for restoration in the Merrimack River that contained an interim
objective of annually passing 35,000 shad at the Essex Dam fish lift (USFWS 1997). The 1997
plan recognized that variable river discharge can alter both fish lift operations and attraction
flows to the fish lift entrance which can influence the passage efficiency of shad present below
the dam annually. The shad restoration plan for the Merrimack River was updated in 2010
(MRTC 2010) and contains shad restoration targets based on habitat units.


http://waterdata.usgs.gov/ma/nwis/

Coordination within the Merrimack River Watershed

The Massachusetts Division of Marine Fisheries accepts the restoration goals of the cooperative
Merrimack River Anadromous Fish Restoration Program as specified in the updated shad
restoration plan (MRTC 2010). Based on upstream habitat units and the assumed production
metric of 100 shad per acre of habitat, the MRTC (2010) goal for passage is 744,083 shad at the
Essex Dam and 651,173 shad at the Pawtucket Dam. The plan provides detailed
recommendations for achieving shad restoration goals through fish passage improvements and
stocking measures with long-term monitoring and program evaluation.

Additionally, the state of New Hampshire also accepts the restoration goals of the cooperative
Merrimack River Anadromous Fish Restoration Program as documented in their American Shad
Fishing/Recovery Plan submitted to the ASMFC Shad and River Herring Technical Committee
in 2012 (NHFG 2011). New Hampshire presently has closed both the recreational and
commercial shad fisheries to harvest while allowing catch and release for sportfishing in the
Merrimack River. Discussions were held with NH Fish and Game staff at the time of the 2018
SFMP update over the need to coordinate further on this SFMP update; however, given that their
fishery is closed to harvest, no further action was taken.

A. Landings

No Merrimack River-specific shad landings data are available. Harvest in MA has been restricted
to hook and line since 1987. Communications with local fishing clubs and bait and tackle shops
indicate a small sportfishery persists with relatively low participation and low retention of shad.

B. Fishery Independent and Dependent Indices

i. Juvenile Abundance Indices: There have been no historical or recent efforts to
create a juvenile abundance index on the Merrimack River.

ii. Fish Lift Monitoring of Spawning Run

Long-term fishery independent indices for shad are available from fish lift data at large
hydropower dams on the Merrimack River. Cooperative monitoring efforts have been
ongoing in the Merrimack River since 1969 involving the USFWS, DMF and
MassWildlife. The Merrimack River shad run is considered to be of sufficient size to
support out-of-basin transfers for restoration efforts. The monitoring efforts include
annual spawning stock surveys at the fish lifts, biological sampling, and determination of
age structure and population mortality and survival estimates. MassWildlife is responsible
for reporting shad monitoring at the two fish lifts in MA. The most recent performance
report for the Essex Dam was prepared by Patriot Hydo (Patriot Hydro 2023).

From 2007 to 2017, approximately 700-1700 adult shad were collected annually at the
Essex Dam for hatchery propagation and restoration efforts in the Merrimack River,
Charles River and Maine rivers. American shad fish passage counts at the Essex Dam
fish-lift from 1983-2023 are presented in Table A4 and Figure 1. High water levels in
2005 and 2006 caused the closure of the fish lifts which severely limited counts and
collections. The series mean count, excluding 2005/2006, is 30,282 shad, the median is
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22,661 and the 25™ percentile is 13,314. The lift counts can be standardized by the
number of days when the lift was operating each season (Table AS). The lift day index
has a series mean of 426 shad/lift day, a median of 343 shad/lift day and 25™ percentile of
218 shad/lift day. The 25" percentile of the shad/lift day data series was adopted as a
threshold for lower run sizes in the 2012 SFMP.

Essex Dam Lift Operations. The Essex Dam fish lift begins operating each year
between April 15" and May 1% depending on flow conditions. The lift is typically
operated from 0800 to 1600 with lifts occurring each hour. The lift frequency and range
of time can be extended if large numbers of shad are present. The lift operation ceases
when the shad run is complete, usually in the latter half of July. The installation of flash
boards on the dam crest is critical to attract shad to the fish lift entrance and prevent them
from aggregating at the base of the dam. During 2005 and 2006, high flows prevented the
installation of flash boards until June. In 2010 the flash boards were replaced with an
inflatable flashboard system. Data on the number of lifts each year are not available for
every year in the time series. When available the tally of lifts and count of days that the
lift operated can be used to standardize shad counts relative to operations.

Figure 1. American shad counts at the Essex Dam fish lift in Lawrence, MA, Merrimack River,
1983-2023. Source: MassWildlife, and USFWS Central NE Fisheries Resource Office.
Note: 2005 and 2006 counts are not included in the 25" percentile calculation due to high flow.
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iii. Passage Efficiency

Existing fish passage limitations, including passage efficiency, have been reviewed and
summarized in the Merrimack River Shad Restoration Plan (MRTC 2010). Downstream
passage assessments are recommended by the Plan (MRTC 2010), along with specific
recommendations to improve fish passage efficiency throughout the watershed. Presently,
downstream passage efficiency studies are underway at the five main stem dams.
Upstream passage efficiency at the Essex Dam in Lawrence has not been assessed,
although specific efforts to improve passage have been implemented recently through the
Technical Committee that should increase passage efficiency.

Upstream passage efficiency at the Pawtucket Dam in Lowell is low. Data collected
between 1989 and 2009 indicates that on average only 29% of fish that pass through the
Essex Dam fish lift eventually ascend the lift at the Pawtucket Dam. Sprankle (2005)
conducted telemetry studies to assess passage efficiency at the Lowell Dam. Sprankle
(2005) found that 66% of the shad radio tagged at the Essex Dam arrived at the pool
downstream of the Lowell Dam and 55% entered the dam tailrace. Only 4% of the shad
entering the tailrace passed the Lowell Dam fish lift. No ripe shad have been caught
below the Essex Dam during electrofishing monitoring, indicating that no spawning
habitat occurs below the dam and all shad are seeking to move upstream.

4. Fisheries to be Closed

Commercial fisheries for shad are presently closed in Massachusetts with no change proposed.
Recreational fisheries are presently open to catch and release only with the exception of harvest
allowed in the Merrimack River and Connecticut River with a three fish per day bag limit.

5. Fisheries Requested to be Open

This plan proposes to maintain recreational shad catch and harvest in the Merrimack River and
Connecticut River. Shad fishing in all other Massachusetts rivers was changed to catch and
release only with the 2012 SFMP.

6. Sustainability Targets
A. Definition.

A sustainable American shad fishery will not diminish future stock reproduction and
recruitment.

B. Methods for Monitoring Fishery and Stock.

No stock abundance indices are available for Merrimack River shad other than the
ongoing fish lift monitoring at the Essex Dam. This long-term census data is proposed as
the basis for establishing sustainable fishery benchmarks. The Essex Dam fish lift count
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series has 40 years of census and CPUE data of the annual spawning run. Biological data
on shad size, age, and sex composition has also been collected since the 1990s. Over
time, these data can be evaluated for stock thresholds related to size, age, total
instantaneous mortality (Z) and repeat spawning ratio. Because the time series for age
and mortality estimates and repeat spawning percentage is brief, the present plan will
depend on the distribution of fish lift data. Mortality thresholds will be presented in the
2024 SFMP but will serve as a warning threshold until additional data can be collected.

SFMP Performance. The SFMP for the Merrimack River was prepared and approved in
2012 using fish lift count data from 1983-2011 as a basis for the benchmark. Shad counts
at the fish lift increased substantially during the following SFMP update period of 2012-
2017; averaging 17,694 shad/year in the last five years of the 2012 SFMP versus 59,019
shad/year in the most recent five years. For this update period of 2018-2023, the average
count was 35,458 shad/year. This was a decline from the high annual counts during 2012-
2017; however, counts were elevated relative to the time series, resulting in a modest
increase in the average annual count and SFMP statistics.

Fish Lift Count Benchmark — Merrimack River. With the addition of 2018-2023 shad
count data, the benchmark (25" percentile of the 1983-2023 Essex Dam fish lift count
data series) increases from 210 to 218 shad/lift day. This benchmark will serve as a
spawning run threshold for management action. Three consecutive years below this
benchmark will trigger consultation between MassWildlife and DMF to discuss reducing
recreational harvest. This benchmark value will not vary annually but will be updated
with the next SFMP review.

Repeat Spawning Ratio. Ongoing shad scale aging will provide data on the ratio of
repeat spawners in the spawning run. Repeat spawning ratio data are available for the
Merrimack River from 2004-2023 (Table 1). The time series is too brief to allow the
setting of a repeat spawning ratio benchmark or to discern any trends. This data
collection will continue and be reported in the River Herring and American Shad
ASMFC Compliance Report annually and considered further with the next SFMP review.

Mortality Benchmark. Amendment 3 defined the shad mortality warning threshold as the level
of total instantaneous mortality (Z) that resulted in a female spawning stock biomass that was
30% of the total female spawning stock biomass in a stock that experienced only natural
mortality (Z = M). Amendment 3 provides benchmark values for New England shad runs of Z3o=
0.98 and A430= 0.62 (annualized mortality). The Z30 benchmark will be adopted by the 2024
SFMP as a warning threshold until a longer Merrimack River time series is recorded or further
ASMFC recommendations are made.

The total instantaneous mortality rate (Z) was estimated using the Chapman-Robson
method, regression-based estimates, and catch curves from repeat spawning age data.
The Chapman-Robson method is a probability-based estimator that has been shown to be
more accurate and less biased than the linear regression-based catch curves, especially
when sample size is small. Shad ages 5 through 10 were used in the analysis. The
suitability of the 2001-2023 Merrimack River mortality estimates may be limited by
many factors including small sample sizes, a brief data series, combined genders in the



estimate, and the assumption that all mortality is natural. The Chapman-Robson results
were selected as most suitable and reported in Table 2.

The trend to date is that Merrimack River shad mortality was at or below the Z3o until
2013, when it increased above the threshold and has remained high since (Figure 2). No
samples were collected in 2020 due to COVID-19 concerns which resulted in disruptions
in lift operations. While Z has recently increased, fork length for both males and females
has declined since 2005 and 2003, respectively. The mortality warning threshold was not
exceeded under the 2012 SFMP but has been exceeded each year since 2013 with
exceptions in 2019 and 2022. With the recent conditions of increasing spawning run
stock, higher mortality estimates resulting from increased recruitment is not unexpected,
although this dynamic should be reviewed and considered annually in the MA shad
compliance report.

Table 1. Repeat spawning percentage (RSP) of sub-sampled American shad collected at the
Essex Dam fish-lift, Merrimack River, 2004-2023 (Source: 2024 ASMFC River Herring and
American Shad MA Compliance Report; Sheppard et al. 2024). The numbers in parentheses
following RSP are the years of repeat spawning, with RSP (0) for virgin shad.

YEAR N  RSP() RSP() RSP(2) RSP(3) RSP(4 RSP(5) RSP (6)
2004 243 53 23 13 6 4 1 0
2005 182 53 25 13 8 2 0 0
2006 175 66 22 8 4 0 0 0
2007 208 76 15 7 1 0 0 0
2008 211 84 7 5 3 0 0 0
2009 151 32 45 15 5 3 1 0
2010 181 38 43 15 3 1 1 0
2011 259 58 19 13 8 2 0 0
2012 178 69 21 7 3 1 0 0
2013 144 64 26 7 3 1 0 0
2014 254 61 31 6 1 0 0 0
2015 292 78 12 9 1 0 0 0
2016 225 63 22 12 3 0 0 0
2017 244 62 24 14 0 0 1 0
2018 211 91 76 30 14 3 0 0
2019 111 95 10 3 3 0 0 0
2020%*

2021 144 87 46 9 2 0 0 0
2022 204 126 50 25 3 0 0 0
2023 175 122 27 19 6 1 0 0

*No samples collected in 2020 due to disruptions in operations from COVID-19.



Table 2. American Shad age, growth, and sex statistics for adult returns at the Merrimack River
(1991-2023). Source: 2024 ASMFC River Herring and American Shad MA Compliance Report

(Sheppard et al. 2024).

Ratio Mean Age Mean FL (mm) Mean Wgt (kg) Mortality (Z) and Survivorship (S) - Chapman-Robson

Year Sample N N(male) N (Female) % Male % Female (M:F) Male Female Male Female Male Female z SE S SE
1991 107 61 46 57.0 43.0 1.3:1.0 4.7 53 434 475 113 159 Unk N/A Unk N/A
1992 48 23 25 46.0 54.0 0.9:1.0 4.4 52 Unk Unk Unk Unk Unk N/A Unk N/A
1993 32 6 26 19.0 81.0 0.2:1.0 45 5.0 Unk Unk Unk Unk Unk N/A Unk N/A
1995 160 101 59 63.0 37.0 1.7:1.0 404 465 0.91 150 Unk N/A Unk N/A
1999 212 146 66 69.0 31.0 2210 4.8 5.6 406 450 091 132 Unk N/A Unk N/A
2000 217 103 114 475 52.5 0.9:1.0 4.7 5.6 422 467 1.00 150 Unk N/A Unk N/A
2001 204 115 89 56.4 436 1.3:1.0 6.0 6.6 427 471 1.04 1.47 0.87 0.24 042 0.10
2002 199 79 120 39.7 60.3 0.8:1.0 5.7 6.3 432 482 110 1.69 0.94 0.20 0.39 0.08
2003 115 39 76 39.7 60.3 0.5:1.0 59 6.7 439 499 1.16 1.92 0.74 0.16 0.47 0.08
2004 257 152 119 455 545 13:1.0 5.8 6.5 433 482 1.08 159 0.79 011 0.45 0.05
2005 200 105 95 525 475 1110 59 6.1 443 477 111 151 1.03 011 0.35 0.04
2006 178 79 99 44.4 55.6 0.8:1.0 4.9 57 407 468 0.96 1.49 0.87 0.06 0.42 0.03
2007 212 99 113 46.7 53.3 0.9:1.0 4.4 51 429 464 116 155 0.81 0.12 0.44 0.05
2008 227 113 114 49.8 50.2 1.0:1.0 5.4 56 427 464 1.10 1.43 0.96 0.25 0.38 0.10
2009 214 96 118 449 55.1 0.8:1.0 5.9 6.5 429 461 1.08 138 0.85 011 0.42 0.05
2010 181 65 116 36.0 64.0 0.6:1.0 51 5.6 412 455 1.04 153 0.88 017 041 0.07
2011 258 148 110 57.0 43.0 1.3:1.0 57 6.6 408 452 1.01 1.39 0.76 0.16 0.47 0.07
2012 243 155 88 63.8 36.2 1.8:1.0 5.1 55 404 436 0.95 128 0.99 0.15 0.37 0.06
2013 144 69 75 48.0 52.0 0.9:1.0 53 59 407 451 0.93 1.40 1.48 051 0.22 0.11
2014 302 158 144 52.0 48.0 1.1:1.0 5.1 58 403 449 0.92 1.36 121 0.21 0.29 0.06
2015 357 175 182 49.0 51.0 0.9:1.0 4.9 54 402 445 0.92 135 121 0.21 0.30 0.06
2016 225 91 134 40.0 60.0 0.7:1.0 53 57 400 437 0.90 131 2.38 058 0.10 0.05
2017 246 115 131 47.0 53.0 0.9:1.0 55 59 409 443 0.92 132 1.65 0.38 0.19 0.07
2018 214 92 122 43.0 57.0 0.8:1.0 54 6.0 405 444 0.88 1.29 113 0.24 0.32 0.08
2019 180 111 69 62.0 38.0 1.6:1.0 4.9 6.0 385 439 0.73 119 0.79 0.45 0.45 0.32
2020

2021 145 59 86 40.7 59.3 0.7:1.0 53 57 398 437 0.87 1.30 242 0.01 0.08 0.15
2022 206 107 99 51.9 48.1 1.1:1.0 52 5.8 392 435 0.82 122 0.85 0.15 043 0.06
2023 175 95 80 54.3 45.7 1.2:1.0 5.3 5.4 385 418 0.77 1.10 1.03 0.11 0.35 0.04

* No biological samples collected in 2020 due to disruptions in operations from COVID-19.

Figure 2. Annual American shad average total length (TL) and mortality (Z) from spawning run
samples at the Essex Dam fish lift in Lawrence, MA, Merrimack River, 1999-2023. Source:
MassWildlife, and USFWS Central NE Fisheries Resource Office. The ASMFC Amendment 3
shad mortality warning threshold of Z3o = 0.98 is provided by the black line. The 2016 Z
estimate may not be suitable because only two age classes were represented.



C. Timeframe.

These benchmarks and warning thresholds will be used starting October 1, 2024 and
remain active until a plan review is conducted after five years.

7. Proposed Regulation Modification to Support Targets
A. Recreational Bag Limits

No changes are proposed to shad fishing regulations for the 2024 SFMP update.
MassWildlife and DMF implemented the regulation changes in 2012 to lower the bag
limit for American shad from 6 fish per angler per day to 3 fish per angler per day in the
Merrimack River and Connecticut River. Secondly, the harvest of shad in all other rivers
was closed with shad fishing allowed as catch and release only.

B. Enforcement

Massachusetts Environmental Police are charged with enforcing recreational shad bag
limits on the Merrimack River and the no possession regulation on other rivers.
MassWildlife and DMF will coordinate with regional enforcement staff each spring to
exchange information on illegal harvest.

8. Adaptive Management.

A. Evaluation Schedule. Fish lift count data, age structure data, mortality estimates,
and repeat spawner percentages will be reported annually in the MA River Herring and
American Shad ASMFC Compliance Report. These ongoing data collections will
contribute to a future revision of the SFMP.

B. Consequences or Control Rules

Three consecutive years below the fish lift count 25" percentile benchmark at the Essex
Dam on the Merrimack River will trigger consultation between MassWildlife and DMF to
discuss reducing recreational harvest. These interim values will be revised when this plan
is updated in the future. The Z3 shad mortality warning threshold has been exceeded each
year since 2012. There is some concern related to the recent rise in shad mortality in the
Merrimack River, although this is tempered by the expectation that recent improved
recruitment is an influence on the estimates of higher mortality. This exceedance will
receive annual attention and be documented in the annual compliance report and be used
to supplement management decisions and actions if the fish lift benchmark is exceeded.
A summary of SFMP metrics and thresholds is provided in Table A6.

C. Potential Future Benchmarks

Improved Essex Dam Lift Index. There is potential to modify the shad count index at
the Essex Dam fish lift by standardizing the fish counts to environmental data such as
discharge and water temperature, and operational data, and to model the results to
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improve the quality of this spawning run index of abundance. Discussions were held with
the partners of the Merrimack River Anadromous Fish Restoration Program on this topic.
For the 2024 SFMP it was agreed that much work was needed to bring environmental and
operational data into the fish lift datafile to support an index modeling exercise. This
investigation is recommended for a future SFMP update.
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Connecticut River

The Connecticut River is the longest river in New England at 655 km and the largest in volume,
with a mean freshwater discharge to Long Island Sound of 19,600 cfs. The Connecticut River
defines the border between New Hampshire and Vermont and passes through the states of
Massachusetts and Connecticut. The river is tidal to Windsor Locks, Connecticut at rkm 100.
The lowermost fish passage facility is at the Holyoke Dam located at tkm 138 in the City of
Holyoke and Town of South Hadley. The Holyoke Hydroelectric Project (FERC No. 2004)
operates a 42.9 megawatt hydropower facility at the Holyoke Dam. The Holyoke Dam is 30 ft
high and 985 ft in length, impounds a 2,290-acre reservoir, and includes six hydroelectric
generating systems. The upstream fish passage facilities are two fish lifts, one at the Hadley Falls
Station tailrace and the other at the bypass reach. Fish passage facilities for the Holyoke Dam are
described in detail in the 2010 Annual report on upstream fish passage (HGE 2011).

Shad have been managed cooperatively on the Connecticut River since 1967 by the Connecticut
River Atlantic Salmon Commission (CRASC). The states of Connecticut, Massachusetts, New
Hampshire and Vermont, as well as the USFWS and NMFS are signatories of the Commission.
The 1967 agreement stated restoration goals of a total Connecticut River population of two
million shad, and passage of one million shad above the Holyoke Dam. The Commission
approved a shad management plan in 1992 that retained these goals while seeking to restore shad
to its historic range in the Connecticut River Basin (CRASC 1992). This management plan was
updated in 2017 (CRASC 2017; CRASC 2020) with refined restoration objectives, including:

- Achieve and sustain a minimum river-wide population of 1.7 million American shad;
that includes a run of over 1.0 million shad downstream of Holyoke Dam, and passage
of greater than 687,000 shad at the Holyoke Dam.

- Achieve and sustain a target adult return rate of 203 shad per hectare in the main stem.

- Achieve an adult stock structure with a 5-year running repeat spawning average of 15%.

Shad Spawning/Nursery Habitat.
Reported in Connecticut plan
Coordination within the Connecticut River Watershed

The Connecticut River Atlantic Salmon Commission has coordinated extensive efforts to
manage and restore shad in the watershed over the last 40 years. The Commonwealth of
Massachusetts is a cooperator in the Commission’s shad plan and benefits from this long-term
commitment and experience. All Connecticut River shad restoration goals and population
benchmarks will be directly adopted from the existing shad plan. Details on the management
plan or fishway operations are available in other documents (CRASC 1992; HGE 2011).

Recreational rod and reel fisheries for shad occur in the states of Connecticut and Massachusetts
in the Connecticut River and a traditionally important commercial gill net is conducted in

Connecticut presently at low levels of harvest. The Connecticut Department of Energy and
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Environmental Protection (CT DEEP) has been monitoring the gill-net fishery since the 1970s
and has conducted an annual seine survey in the river since 1978 that produces a juvenile index
for shad. Commercial shad landings in Connecticut have been less than 100,000 pounds
annually since 2004 and the numbers of gill-net permits issued has declined to less than 12 in
recent years. The recreational harvest of shad is only allowed in the Connecticut River in
Connecticut with a 6 shad (combined American and Hickory shad) per angler bag limit.
Connecticut was approved to maintain its existing commercial fishery and recreational fishery
through their 2012 SFMP (CT DEEP 2012) that was updated in 2017 (CT DEEP 2017).

The Connecticut 2017 SFMP uses a “stop light” approach to monitoring and maintain a
sustainable fishery for shad in the Connecticut River. This approach has two stock status
(response) metrics and a fishing rate (stressor) metric that guide management responses. The
PASSAGE response metric is based on the Holyoke Dam fish lift counts is a proxy for total run
size. The PASSAGE response threshold of 140,000 shad passed at the fish lift is derived from
Juvenile Abundance Index (JAI) values that vary independent of adult run size. It was found that
lift counts in the range of 150,000 to 160,000 produced a wide range of year classes - suggesting
sufficient stock reproductive capacity to support future reproduction and recruitment. The
threshold of 140,000 was selected as a conservative target.

The RECRUITMENT response threshold is defined as three consecutive years below the 25
percentile of the JAI geometric mean time series. The ESCAPEMENT stressor threshold was
selected as 90% of the total shad run “escaping” ((lift counts — total harvest)/lift counts) the
fishery to spawn. This value was conservatively selected using the median escapement value of
96% for 1990 to 2016.

The details of the CT DEEP “stop light” approach for their shad SFMP are provided in CT
DEEP (2017). All three thresholds will be adopted in the Massachusetts SFMP as warning
metrics that will trigger consultations between MassWildlife, MA DMF and CT DEEP. The fish
lift response metric for CT DEEP has a different basis, resulting in a lower threshold, than the
MA DMF fish lift metric. For this reason the management trigger will occur with a single
exceedance as to three years for other SFMP metrics.

A. Landings

No Connecticut River-specific shad landings data in MA are available. The fishery has been
restricted to hook and line since 1987. Communication with local fishing clubs and bait and
tackle shops indicate a small sportfishery persists and that is mainly catch and release.

B. Fishery Independent and Dependent Indices
i. Juvenile Abundance Indices (JAI)

The CT DEEP maintains a juvenile shad population index generated from a Connecticut
River seine survey. The seining occurs weekly from mid-July to mid-October at seven
fixed stations between Holyoke, MA, and Essex, CT. The survey has generated a JAI
since 1978 using the geometric mean catch per seine haul. The JAI series was accepted in
Amendment 3 of the ASMFC Shad and River Herring Fishery Management Plan using
the 25™ percentile of time series data as the threshold for management action. When three
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consecutive JAI values fall lower than the 25" percentile management action will be
required to address juvenile recruitment failure (CT DEEP 2017). The Connecticut JAI is
the only data source for juvenile shad indices that could be adopted for the MA SFMP.

ii. Fish Lift Monitoring of Spawning Run

American shad fish passage counts at the Holyoke Dam fish-lift from 1967 — 2023 are
shown in Figure 3. A single fish lift operated from 1955 to 1975 and a second fish lift
became operational in 1976. The 2012 SFMP used the entire count period for setting
management benchmarks. The 2018 and the 2024 update used the period of 1976 to
present when the two lifts were consistently operated. MassWildlife is responsible for
reporting shad monitoring at the two fish lifts in MA. The most recent performance report
for the Holyoke Dam (covering October 1, 2022 through September 30, 2023) was
prepared by the USFWS (2023).

Holyoke Dam Fish List Operations. The Holyoke fish lift begins operations on April 1*
each year or when flows fall below 40,000 cfs and continues until July 15", Details on
fish lift operations are provided in HGE (2024) and USFWS (2023).

iii. Passage Efficiency

The numbers of adult shad that pass the Holyoke Dam represent a variable proportion of
the Connecticut River population. The percentage of Connecticut River shad passing
upstream of the Holyoke Dam has increased since 1975 to approximately 40-60%
annually (Leggett et al. 2004). A study in 1992 estimated average annual fish lift
efficiency to be close to 50% (CRASC 1992). However, as a result of FERC relicensing
in 2001 the lifts were rebuilt with larger hoppers and faster lift rate and these changes
may have resulted in a change in passage efficiency. An ongoing cooperative tagging
study involving CRASC participants is expected to provide additional data to address
passage efficiency at the Holyoke Dam.

4. Fisheries to be Closed

Commercial fisheries for shad are presently closed in Massachusetts with no change proposed.
Recreational fisheries for shad in Massachusetts are presently close to catch and release only at
all rivers except the Merrimack River and Connecticut Rivers where a three fish daily bag limit
is allowed.

5. Fisheries Requested to be Open
No changes are proposed to shad fishing regulations for the 2024 SFMP update. The 2024 SFMP

update continues to allow recreational shad catch and harvest in the Merrimack River and
Connecticut River, and catch and release fishing in all other Massachusetts rivers.
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Figure 3. Monitoring counts of American shad recorded at the Holyoke Dam, Holyoke, MA,
Connecticut River, 1967-2023. Source: USFWS Connecticut River Coordinator’s Office.
The 25" percentile benchmark is derived from 1976-2023 counts.
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6. Sustainability Targets
A. Definition.

A sustainable American shad fishery will not diminish future stock reproduction and
recruitment.

B. Methods for Monitoring Fishery and Stock.

Fish Lift Count Benchmark — Connecticut River. The 25" percentile of the 1976-
2023 fish lift count data series of 190,800 shad at the Holyoke Dam is proposed as a
spawning run benchmark for management action (Table A6). Three consecutive years
below this benchmark will trigger consultation between MassWildlife and DMF to
discuss reducing recreational harvest. This interim value will be updated and revised as
necessary in future reviews of the plan.

The use of fish lift days of operation was considered to standardize the fish lift count data
at Holyoke Dam. Records for the total number of days when the fish lift was in operation
were available from 1980-2023. However, this period does not include the lower shad
counts earlier in the time series, and there are operational changes that need to be
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considered and accounted for before using count data on fish per lift day. For the 2024
SFMP update, it is recommended to use the total lift counts for the entire data series
(1976-2017) and to consider other metrics in future plans.

Connecticut DEEP SFMP Metrics. All three CT DEEP thresholds will be adopted in
the Massachusetts SFMP as warning metrics. The exceedance of the PASSAGE,
RECRUITMENT, or ESCAPEMENT thresholds described earlier in this section and
outlined in Table A6 will trigger management consultations between MassWildlife, MA
DMF and CT DEEP. We anticipate continued coordination with CT DEEP on the
application of Connecticut River SFMP thresholds in future MA SFMP updates.

C. Timeframe.

These benchmarks and warning thresholds will start on October 1, 2024 and remain
active until a plan review is conducted after five years.

7. Proposed Regulation Modification to Support Targets
A. Recreational Bag Limits

MassWildlife and DMF changed the harvest regulations in 2012 to lower the bag limit
from 6 to 3 shad per angler per day in the Merrimack and Connecticut Rivers. Secondly,
the fishing for shad in all other rivers were closed to harvest and allowed as catch and
release only.

B. Enforcement

Massachusetts Environmental Police are charged with enforcing recreational shad bag
limits in the Merrimack River and the upcoming no possession regulation in other rivers.
MassWildlife and DMF will coordinate with regional enforcement staff each spring to
exchange information on illegal harvest.

8. Adaptive Management.

A. Evaluation Schedule. Fish lift count data and biological thresholds will be reported
annually in the MA River Herring and American Shad ASMFC Compliance Report.
These ongoing data collections will contribute to a revision of the SFMP when requested
by ASMFC.

B. Consequences or Control Rules

Three consecutive years below the fish lift count 25" percentile benchmark at the
Holyoke Dam and/or exceedances of the CT DEEP SFMP metrics will trigger
consultation between MA DMF, MassWildlife and CT DEEP to discuss management
responses. These interim values will be revised when this plan is updated in the future. A
summary of SFMP metrics and thresholds is provided in Table A6.
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C. Potential Future Benchmarks

Improved Holyoke Dam Lift Index. There is potential to modify the shad count index
at the Holyoke Dam fish lift by standardizing the fish counts to discharge and water
temperature and operational data. For this to be attempted, daily records need to be
summarized for all variables. Substantial work is needed to bring these data into the
Holyoke lift datafile and conduct the necessary quality assurance and control review
before attempting to standardize the lift data.

Connecticut River Mortality Threshold. Using shad mortality estimates has been
considered as a potential threshold or benchmark for the Connecticut River. The low
percentage of repeat spawners and older cohorts has been a limiting factor for generating
mortality estimates. During the period of 2006-2015, a mean of 5% of the Connecticut
River shad run were repeat spawners (CRASC 2017). Future SFMPs should revisit the
available size/age data for shad in the Connecticut River to consider the utility of
mortality estimates.
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CATCH AND RELEASE RIVERS

In addition to the shad runs on the Merrimack and Connecticut rivers, shad have been recently
documented in the Palmer River, Jones River, North River, Neponset River, and Charles River,
with modest sportfishing know to occur in the North River tributaries and the Palmer River. Shad
fishing in the five smaller river systems have been managed as catch and release fisheries since
2013. Both MassWildlife and DMF are interested in expanding monitoring to include the runs in
these five river systems.

Taunton River Shad Stocking. The Taunton River shad habitat plan (Chase et al. 2022),
monitoring plan (Mattocks et al. 2022), and interagency agreement with the Massachusetts
Division of Fisheries and Wildlife (DFW) and the US Fish and Wildlife Service (USFWS) were
finalized in 2022. Stocking of American shad by USFWS began in the spring of
2022. Approximately 350 adult shad were collected from the Connecticut River at the Holyoke
Dam fish lift for use as broodstock. A total of 5,027,224 larval shad were stocked from May to
June in four locations and 77,104 juvenile shad were stocked from July to September in three
locations in the Taunton River. Monitoring for juvenile American shad was conducted in 2022 as
part of the shad stocking project. A beach seine survey targeting juvenile American shad was
conducted monthly at five locations along the Taunton River from June through
October. Juvenile American shad were captured in two locations during the July survey (nine
shad) and at one location during the October survey (seven shad). American shad were stocked
by USFWS for a second year in 2023. A total of 5,699,205 larval shad were stocked from May
to June in five locations in the Taunton River. Monitoring for American shad continued in 2023,
however juvenile American shad were not caught during the 2023 seine survey, with low fish
abundance and diversity observed throughout the season. In addition, efforts to collect genetic
samples from native adult American shad began in spring 2023 with a rod and reel fishing trip
and boat electrofishing surveys led by MassWildlife.

Charles River Hatchery Evaluation (% wild vs. hatchery). In 2004, the USFWS and DMF
began an experimental hatchery operation using American shad from the Merrimack River
system as a source for stocking in the Charles River. USFWS and DMF have released between
700,000 and eight million oxytetracycline (OTC) marked shad fry annually into the Charles
River in Waltham from 2006 through 2016. Recaptures of OTC marked shad were first made in
the Charles River in 2011. Future evaluations on the contribution of hatchery stocking to
spawning runs may result in additional population targets in the Charles River. Additionally, an
acoustic telemetry project was conducted in the Charles River from 2015-2017 to provide
information on shad spawning run movements.

Spawning Run Electrofishing Study. An exploratory study was initiated by DMF in 2016 to
monitor the presence and abundance of American shad in two coastal river systems in
Massachusetts. The South River and Indianhead River historically supported viable recreational
fisheries for shad, however no recent data on catch or harvest of shad exist for either of these
systems. Between 12 and 21 electrofishing trips were made each spring during the shad
spawning run to the two rivers between 2016 and 2023. Total length, sex and scales for aging
were sampled from each shad. Fishing effort, mean total length, mean age for each sex as well as
estimates of mortality and survivorship are summarized in Table 3.
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Indices of abundance (catch-per-unit-effort, CPUE) for each river system were calculated to
examine trends over the course of the spawning run. Annual geometric mean CPUE scores were
calculated for each river and are listed in Table 3 and Figure 4. Additional analyses of gear
efficiency including capture efficiency and capture probability as well as determining minimum
sample sizes were conducted to assist the goals of developing standardized sampling protocols

and long-term indices of population demographics.

Table 3. Effort and population demographic information of American Shad from the (A) South
and (B) Indianhead Rivers (2016 — 2023).

A.  SOUTH

N GM CPUE N N Mean TL Mean Age Mortality Survivorship

Year Trips (N/min) SE Male | Female | M F M F Z SE S SE
2016 12 0.48 0.14 44 20 489 503 | 6.0 5.6 | 0.68 0.11 | 0.50 0.05
2017 14 0.30 0.16 56 17 483 524 | 56 6.1 | 142 025 023 0.06
2018 19 0.25 0.05 37 19 480 521 | 56 6.1 | 208 0.14 | 010 0.01
2019 19 0.39 0.09 48 32 465 497 | 56 53 | 071 0.10 | 049 0.05
2020 18 0.46 0.13 51 31 454 491 | 5.0 5.3 | 1.00 0.18 | 0.36 0.07
2021 14 0.34 0.15 28 24 485 516 | 5.8 6.1 | 097 0.07 | 0.37 0.03

2022* 17 0.09 0.12 12 5 478 516 | 6.3 6.2 N/A
2023** 17 0.26 0.12 21 19 480 514 | 63 6.3 | 0.76 0.15 0.46 0.07
B.  INDIAN HEAD

N GM CPUE N N Mean TL Mean Age Mortality Survivorship

Year Trips (N/min) SE | Male | Female | M F M F Z SE S SE
2016 12 0.32 0.09 61 46 488 512 | 59 6.0 | 140 039 | 0.24 0.09
2017 15 0.36 0.09 78 25 488 512 | 57 6.0 | 139 049 | 024 0.12
2018 21 0.43 0.08 | 125 53 464 512 | 52 6.1 | 049 0.09 | 0.61 0.06
2019 17 0.48 0.11 86 32 474 499 | 5.5 5.5 0.61 0.14 | 0.54 0.08
2020 18 0.51 0.11 77 54 473 511 | 56 58 | 073 0.11 | 048 0.05
2021 17 0.31 0.09 60 27 487 523 | 61 64 | 079 0.11 | 045 0.05
2022 19 0.21 0.05 49 8 485 512 | 61 59 | 1.21 034 | 029 0.10
2023 18 0.26 0.06 40 14 465 507 | 5.7 59 | 077 022 | 046 0.10

* Sample size too small to estimate mortality and survivorship
** Estimates of Zand S are based on low sample size and should be regarded with caution
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Figure 3. Annual geometric mean CPUE scores (+/- 2 SE) of American shad captured during
electrofishing operations in the (A) South River; and (B) Indian Head River.

(A) South

(B) Indian Head
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Appendix

Table Al. Rivers in Massachusetts with American shad runs present.

River Drainage Erg r;:gg) (mSa-n- ;Zy ) Fishery Status
Connecticut Connecticut River 8,332 21,400 Sportfishery — 3 fish bag
Palmer Buzzards Bay 28 10* minor sportfishery - 0 fish bag
Taunton Narragansett Bay 261 551 minor sportfishery - 0 fish bag
Jones South Shore 20 43 no known targeting of shad
North South Shore 30 69 minor sportfishery - 0 fish bag
Neponset Boston Harbor 101 392 no known targeting of shad
Charles Boston Harbor 227 370 no known targeting of shad
Merrimack Merrimack River 4,635 11,800 Sportfishery — 3 fish bag

* The stream flow gauge in the Palmer River was located far upstream of shad habitat.
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Table A2. Massachusetts American shad landings, 1990-2017. The landings data were provided
by the NMFS Fisheries Statistic and Economic Division, Northeast Regional Office.

MA Landings Atlantic States Shad Landings

Year (Ibs.) (lbs.) (% from MA)

1990 5,605 3,553,473 0.16
1991 638 2,808,898 0.02
1992 308 2,435,127 0.01
1993 423 2,105,863 0.02
1994 286 1,493,906 0.02
1995 454 1,653,322 0.03
1996 134 1,583,079 0.01
1997 752 1,837,170 0.04
1998 1,765 2,174,226 0.08
1999 223 1,067,312 0.02
2000 268 890,624 0.03
2001 1,051 722,178 0.14
2002 424 1,471,850 0.03
2003 1,109 1,509,898 0.07
2004 530 1,136,527 0.05
2005 0 302,435 0.00
2006 102 193,855 0.05
2007 44 168,993 0.03
2008 31 100,901 0.03
2009 0 88,165 0.00
2010 0 105,477 0.00
2011 215 94,833 0.23
2012 10 118,189 0.01
2013 0 141,832 0.00
2014 0 40,256 0.00
2015 0 43,259 0.00
2016 0 14,075 0.00
2017 0 26,330 0.00
2018 0 18,433 0.00
2019 0 11,669 0.00
2020 9 62,125 0.00
2021 5 26,040 0.00
2022 0 4,133 0.00
2023 0 21,178 0.00
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Table A3. Recreational estimates of total catch of American shad in Massachusetts (Source:
MRFSS/MRIP, uncalibrated for FES and APAIS improvements).

TOTAL CATCH

Year  1ype A+ B1+B2) PSE
1981 3,545 100
1983 2,533 100
1989 6,628 43
1990 11,817 70.1
1991 737 100
1993 10,930 61.7
1994 2,053 100
1996 1,115 100
1997 45,548 50.5
1998 73,152 39.1
1999 69,206 28.8
2000 15,992 40.4
2001 3,405 52.7
2004 1,673 100
2006 55,232 523
2007 1,588 100
2008 4,452 712
2009 1,850 100
2010 0

2011 0

2012 -

2013 0

2014 -

2015 0

2016 -

2017 2,042 59.5
2018 .

2019 4293 92.2
2020 159 101.5
2021 2,168 59.1
2022 52,093 69.4
2023 11,616 54.8

- No catch recorded
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Table A4. American shad counts at the Merrimack River (Essex Dam Fish Lift, Lawrence), and
the Connecticut River, (Holyoke Dam Fish Lift, Holyoke), Massachusetts, 1983-2017.
Note": the Merrimack River series mean excludes 2005-2006 with high, disruptive spring flow.

Merrimack Connecticut
Year River River
1983 5,629 528,185
1984 5,497 496,884
1985 12,793 487,158
1986 18,173 352,122
1987 16,909 276,835
1988 12,359 294,158
1989 7,875 354,180
1990 6,013 363,725
1991 16,098 523,153
1992 20,796 721,764
1993 8,599 340,431
1994 4,349 181,038
1995 13,861 190,295
1996 11,322 276,289
1997 22,661 299,448
1998 27,891 315,810
1999 56,461 193,780
2000 72,800 225,042
2001 76,717 273,206
2002 54,586 374,534
2003 55,620 286,814
2004 36,593 191,555
2005 6,382 116,511
2006 1,205 154,745
2007 15,876 158,807
2008 25,116 153,109
2009 23,199 160,649
2010 10,442 164,439
2011 13,835 244177
2012 21,396 490,431
2013 37,149 392,967
2014 38,107 370,506
2015 89,467 412,656
2016 67,528 385,930
2017 62,846 537,249
2018 29,069 275,232
2019 18,653 314,361
2020 52,239 362,423
2021 47,678 208,858
2022 36,731 190,352
2023 28,438 277,367
Series Mean 30,292* 315,053

25



Table A5. American shad counts at the Essex Dam Lift on the Merrimack River, Lawrence, MA. The lift data source is the USFWS Central NE
Fishery Office. The discharge data source is the USGS National Water Information System, Station No. 01100000.

American Shad Count  Lift Days Shad per Lifts Lift Start Lift End Mean Q Mean Q Mean Q Mean Q
Year Shad (No.) Index (No.) (No.) Lift Day (No.) Date Date April May June July
1983 5,629 5,629 54 104.2 5/9/1983 7/9/1983 23,870 16,980 9,277 2,158
1984 5,497 5,497 42 130.9 5/9/1984 7/31/1984 27,650 16,240 23,660 7,606
1985 12,793 12,793 54 236.9 5/1/1985 7/22/1985 8,150 5,705 2,665 1,982
1986 18,173 18,173 54 336.5 506 5/2/1986  7/25/1986 14,070 5,842 7,782 4,368
1987 16,909 16,909 54 313.1 467 5/15/1987 7/23/1987 37,440 10,020 6,198 4,837
1988 12,359 12,359 54 228.9 485 5/9/1988 7/15/1988 12,480 14,080 4,061 3,563
1989 7,875 7,875 54 145.8 5/1/1989  7/28/1989 17,120 18,990 11,250 3,758
1990 6,013 6,013 54 111.4 5/1/1990 7/31/1990 16,750 14,840 7,128 3,187
1991 16,098 16,098 54 298.1 5/1/1991 7/14/1991 12,520 9,242 3,310 1,613
1992 20,796 20,796 54 385.1 5/4/1992  7/31/1992 12,350 8,774 7,046 3,850
1993 8,599 8,599 54 159.2 5/10/1993 7/15/1993 31,730 6,829 3,361 1,334
1994 4,349 4,349 54 80.5 5/2/1994 7/9/1994 23,330 13,020 3,951 2,324
1995 13,861 13,861 54 256.7 5/1/1995 7/9/1995 6,979 6,077 3,243 1,687
1996 11,322 11,322 54 209.7 325 5/20/1996 7/12/1996 24,300 21,270 5,834 8,611
1997 22,661 22,661 57 397.6 412 5/6/1997 7/7/1997 25,600 13,070 4,158 3,737
1998 27,891 27,891 57 489.3 443 5/4/1998 7/22/1998 15,790 10,900 20,940 8,730
1999 56,461 56,461 64 882.2 632 4/28/1999 7/2/1999 10,860 5,748 1,994 1,765
2000 72,800 72,800 65 1120.0 618 5/1/2000 7/7/2000 23,170 12,660 7,469 3,515
2001 76,717 76,717 65 1180.3 501 5/7/2001 7/20/2001 26,020 7,375 8,390 2,750
2002 54,586 54,586 65 839.8 558 4/29/2002 7/12/2002 12,310 11,920 8,273 2,173
2003 55,620 55,620 77 722.3 5/10/2003 7/3/2003 20,750 12,010 7,939 2,559
2004 36,593 36,593 77 475.2 4/29/2004 7/15/2004 22,730 11,930 5,850 3,397
2005 6,382 81 5/12/2005 7/19/2005 26,860 15,800 12,240 6,385
2006 1,205 46 4/17/2006 5/12/2006 7,554 27,810 22,410 9,813
2007 15,876 15,876 73 217.5 5/10/2007 7/16/2007 29,380 14,680 6,354 3,558
2008 25,116 25,116 64 392.4 5/13/2008 7/14/2008 26,640 11,910 3,638 6,668
2009 23,199 23,199 89 260.7 4/20/2009 7/17/2009 19,930 8,757 9,806 15,340
2010 10,442 10,442 83 125.8 4/24/2010 7/15/2010 23,600 5,670 3,497 1,895
2011 13,835 13,835 73 189.5 5/2/2011 7/15/2011 22,230 15,130 6,410 2,550
2012 21,396 21,396 87 245.9 4/16/2012  7/13/2012 6,298 10,730 10,060 1,968
2013 37,149 37,149 89 417.4 4/15/2013  7/12/2013 14,390 8,069 12,880 11,370
2014 38,107 38,107 80 476.3 4/22/2014 7/10/2014 25,700 11,580 5,401 6,099
2015 89,467 89,467 89 1005.2 4/20/2015 7/17/2015 17,850 5,128 5,751 5,034
2016 67,528 67,528 86 785.2 4/21/2016 7/15/2016 8,463 5,225 2,779 1,604
2017 62,846 62,846 89 706.1 4/17/2017 7/14/2017 22,160 16,880 11,030 5,458
Mean 29,350 422
Median 20,796 313

25th % 12,359 210



Table A6. Summary of Massachusetts American Shad Sustainable Fishery Management Plan metrics and thresholds for 2018 plan update.

River

Index Site

Time Series SFMP Metric

Threshold
Level

Threshold
Value

Threshold Management Trigger
Status

Essex Dam Fish

218 shad / lift

3 years below benchmark

Shad Index

mean

Merrimack River Lift 1983 - 2023 Benchmark 25 percentile d Above triggers mgt discussion on
! ay reducing rec. harvest
s 5 e AR Annual review of biological data
ssex Dam IS 5001 - 2023 Warning Zs = 0.98 7>0.98 e and documentation in
Lift fail 3 of 6 yrs .
compliance report
RS o I 3 years below benchmark
olyoke Dam b annua . . .
Connecticut River ) ¥ ) 1976 - 2023 Benchmark 25" percentile Above triggers mgt discussion on
Fish Lift count .
reducing rec. harvest
ey | o . 3 years below benchmark
uvenile . eometric . . .
1978 - 2023 Warning 25t percentile g Above triggers mgt discussion on

reducing rec. harvest
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Introduction

Annual spawning migrations of American Shad (Alosa sapidissima) in the Connecticut River have
supported both recreational and commercial fisheries in the State of Connecticut, as well as
recreational fisheries in upriver states, for generations. While American Shad once supported
one of the largest commercial and recreational fisheries in the state, Connecticut shad fisheries
are now mostly artisanal, although they still hold cultural and historical value. The Connecticut
River now supports the state’s only commercial shad fishery. There is currently a commercial drift
gill net fishery that occurs south of River Kilometer (Rkm) 64, in the lower CT River. Landings in
this gill net fishery have steadily declined in recent decades (Figure 1). The Connecticut River is
also the only river in the state in which recreational harvest (via hook and line only) is currently
permitted. The recreational fishery largely occurs in the range north of Hartford, Connecticut
(Rkm 84) and south of the Holyoke Dam in Massachusetts (Rkm 139), with limited localized
efforts occurring to the north and south of these areas.

The Connecticut Department of Energy and Environmental Protection (CT DEEP) has conducted
annual research studies on American Shad in the Connecticut River since 1974 to monitor annual
changes in stock composition. American Shad fishery data is collected from mandatory annual
reporting of commercial landings while recreational fisheries are monitored periodically by a
roving creel survey. The Massachusetts Division of Fish and Wildlife monitors fish passage which
includes adult American Shad passage at the first mainstem dam (Rkm 139) on the Connecticut
River in Holyoke, Massachusetts. Juvenile shad are monitored by CT DEEP through an annual
seine survey conducted since 1978.

The number of commercial shad fishing licenses and associated effort has been steadily declining
since peak levels during and after World War Il. Recent commercial license sales continued to
remain at low levels, typically 6 to 8 licenses have been sold annually since 2018. Commercial
Shad license sales are expected to stay low or further decrease as fishermen retire and are not
replaced. A high proportion of license holders exceed age 55 as few new participants have
entered the fishery in the last decade.

The Connecticut River was once one of the most popular places to fish recreationally for
American Shad and some think this was the birthplace of the sport. Numbers of fishermen, effort,
catch, and harvest have all varied greatly over time, but similar to commercial fishing trends,
recreational fishing for American Shad has exhibited a general decline in recent decades.
Anecdotal and creel information gathered in the last ten years or so shows that fewer fishermen
are targeting American Shad in the traditional shad fishing areas from Hartford to the CT/MA



state line, and there is little reason to believe this trend will reverse. Anglers that traditionally
fished for shad in this area have switched to pursue striped bass, which provides a quality fishery
from Hartford up into Massachusetts. Access to traditional shad fishing sites along the
Connecticut River has changed over the years with infrastructure changes, restricted shore access
due to development, and the natural breaching of a low-head dam in Enfield. The overall
decrease in fishing effort and harvest for shad is also a reflection of a decreasing demand for
consumption with fewer people knowing how to debone American Shad.

The Connecticut River American Shad Sustainable Fishing Management Plan (SFMP) was
developed by CT DEEP to fulfill the requirements of Amendment 3 to the Interstate Fishery
Management Plan for American Shad and River Herring. This update provides information
collected since the last SFMP update in 2017. CT DEEP proposes the continuation of both
recreational and commercial shad fisheries in the Connecticut River, and continued monitoring
of the three metrics currently used to gauge fishery sustainability: adult lift passage, juvenile
abundance, and adult escapement. Commercial shad fishing will remain prohibited in all other
rivers in the state. All river systems with recreational fisheries, other than the Connecticut River,
will continue to remain “catch-and-release only” for American Shad.

Current regulations

Commercial

To participate in the commercial fishery, Connecticut requires the purchase of an annual
commercial shad license for the Connecticut River. The shad fishery is managed through area,
gear, and season restrictions as well as rest days. The American Shad gill net season runs from
April 1 through June 15. In the inland district (north of the Interstate 95 bridge), American Shad
may be taken only in the main body of the Connecticut River from the 1-95 Bridge to the William
H. Putnam Memorial Bridge on Route 3 in Glastonbury/Wethersfield (Rkm 75) (Figure 2). In
marine waters, American shad “shall not be netted between lines drawn south in Long Island
Sound to the New York state line from Menunketesuck Point, Westbrook and Hatchetts Point,
Old Lyme except with seines, pounds, and gill nets”. This regulation effectively prohibits trawl-
caught shad from being harvested near the mouth of the Connecticut River. The commercial shad
license fee was doubled in 2009 to $200 and is the most expensive open-access commercial
fishing license available in Connecticut.

Under the commercial shad fishing license, the following are prohibited: use of gill nets
constructed of single or multiple-strand monofilament from sunrise to sunset, monofilament
twine thickness greater than 0.28 mm (#69), commercial fishing for shad from sundown Friday
to sundown Sunday except by the use of a scoop net, the use of nets with mesh size less than
five inches stretched mesh, fishing in other than the main body of the Connecticut River (no
coves), and the use of pound nets or other fixed or staked nets to take shad. A daily record
detailing catch, effort, and landings is required in a report that must be submitted by July 15th of
the fishing year.



The 2023 commercial landings data used in this report to generate the number of fish
commercially landed and the total river population estimate are preliminary and may be adjusted
before being finalized.

Recreational

Angling for American Shad is the only legal method of recreational take and may occur during the
open season from April 1 through June 30. Fishing licenses are required for anyone 16 years of
age or older fishing in either the Inland or Marine Districts. Recreational licenses are issued on a
calendar basis and expire on December 31st. The daily possession limit is 6 American and hickory
shad in the aggregate, per person, in both the inland and marine districts.

Fisheries Dependent Indices

Commercial Fishery

The commercial shad fishery in the Connecticut River is a spring (April-June) drift gillnet fishery
that extends from the river mouth to Glastonbury, CT (river km 62). Monitoring of shad
abundance (numbers and pounds) has been conducted annually from 1974 to 2023. The fishery
has changed little since the adoption of outboard-powered vessels other than the change to drift
gill nets from all other gear types (haul seine, fixed gill nets, and traps/pound nets).

Commercial shad fishermen are required to submit a complete catch report detailing the catch,
effort, and landing activities associated with all landings made in Connecticut regardless of where
the fishing takes place, as well as all fishing in Connecticut waters regardless of where the
landings take place.

Recreational Fishery

Recreational shad landings in numbers have been estimated annually from 1980-1997 and
periodically thereafter (2000, 2005, 2010) by a roving creel census (Figure 3). Before 1993, there
was a thriving recreational fishery for American Shad in the Connecticut River from Enfield, CT
(river km 99) to the Holyoke Dam, MA (river km 139). Before 1990, recreational landings often
comprised as much as 60% of total landings. Recreational shad landings began to fall dramatically
after 1995 to a point where harvest estimates from creel surveys were unreliable and imprecise
as reflected by high (> 80%) proportional standard errors about the mean harvest estimates.
Because of the low incidence of positive intercepts of anglers targeting shad in the creel survey
in the late 1990s, annual Connecticut River surveys were discontinued in favor of surveys
conducted on five-year intervals. Shad recreational harvest estimates between 1999, 2005, and
2010 did not differ significantly (P <0.05) from zero (Figure 4). Most anglers that traditionally
fished for shad have switched their efforts to pursue striped bass, which provides a quality fishery
from Hartford up into Massachusetts. After 2010, the shad creel survey was not conducted due
to budgetary and staffing shortfalls.



Fisheries Independent Indices

Holyoke Lift Passage Counts

Historically, there were no shad passed above Holyoke from the completion of the Holyoke Dam
in 1849 until 1955 when a fish passage facility was completed, and small numbers of shad were
lifted above the dam. Since opening, staff at the fish passage facility have maintained daily counts
of American shad lifted each year (Watson 1970; Moffit et al 1982; Leggett et al 2004). Major
technological improvements in the lift occurred in 1975, 1976, and 2005 (Henry 1976, Slater
2016). Information on the number of fish lifted daily, the number of lift days (days the lift is in
operation), and the daily sex ratio at Holyoke are currently obtained from the Massachusetts
Division of Fisheries.

Multiple tagging studies have been conducted to assess what portion of the total American Shad
run to the Connecticut River passes above the Holyoke dam. One tagging study conducted in the
1970s estimated that 40-60% of the total shad run to the river passed above Holyoke (Leggett
1976). This study also documented that shad tagged during the latter portions of the spring
migration season did not migrate upriver to Holyoke, but instead presumably spawned in the
“lower river” (meaning the river stretch downstream of Holyoke, MA). The documentation of
shad larvae in the lower river further corroborated that some level of shad spawning activity
occurred below Holyoke. CT DEEP estimated the Connecticut River shad population from 1966-
2004 using Holyoke lift data (Crecco and Savoy 1985). Information from the CT DEEP 1970s shad
tagging study was subsequently used through the 1980-2000s to derive estimates of total shad
run size from annual Holyoke passage numbers. This method to estimate the population was
discontinued after 2005 when improvements were made to the Holyoke fish lift. In 2011-2012, a
cooperative Connecticut River shad tagging study was initiated by the USFWS and the USGS
Conte Anadromous Fish Research Center. Shad were collected in the lower river, radio- and PIT-
tagged, and then subsequently detected if they passed at Holyoke. The estimated percentage of
the run that passed beyond the Holyoke Dam in 2011 was 63% (Ken Sprankle USFWS personal
communication).

For this sustainability plan, for years before 2005, we estimated the total shad run size to the
Connecticut River from the annual Holyoke passage, using estimated proportions of the total run
passing above Holyoke derived from earlier tagging studies (Crecco and Savoy 1985; Leggett
1976). For 2005 and later years, we estimated the total run size from Holyoke passage, assuming
that 63% of the total run passed above Holyoke (based on 2011 results from the cooperative
USFWS-USGS tagging study).

Juvenile Abundance Indices (JAI)

Annual American Shad reproductive success has been monitored in the Connecticut River since
1978 by collecting juvenile American Shad in a beach seine survey and calculating an annual index
of relative abundance, or “JAI” (geometric mean catch/seine haul) (Table 1; Figure 5). Seining is
conducted weekly from mid-July through mid-October at up to seven fixed stations located from
Holyoke, MA to Essex, CT. The JAl is reported to ASMFC on an annual basis. The sampling protocol
(including site locations, sampling intensity, and gear type) has remained consistent throughout
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the survey. This metric provides an early warning of a population decline due to inadequate stock
reproduction. Due to the COVID-19 pandemic, JAl was not assessed in 2020.

SUSTAINABLE FISHERY DEFINITION: Amendment 3 (ASMFC 2010) defines a sustainable fishery
as “those that demonstrate their stock could support a commercial and/or recreational fishery
that will not diminish the future stock reproduction and recruitment.”

Methods for Monitoring the Fishery and the Stock

A stop light style approach will be used to express the level of perceived risk to maintaining a
Sustainable Fishery in the Connecticut River system. Risk will be assessed via a combination of
two stock status (response) indicators and a fishing rate (stressor) indicator recognizing that
factors other than in-river fishing (ocean environment, stream flow, temperature, dam & fish
passage operations, etc.) significantly influence adult run size and recruitment.

The first response metric is PASSAGE, or the number of adult fish lifted at the first main stem dam
in Holyoke MA (Figure 6). PASSAGE will be used as a proxy for total run size (i.e. adult stock). The
threshold or trigger for PASSAGE is 140,000 fish. Recruitment (JAI) at this value has varied
independent of adult stock size, indicating sufficient reproductive capacity to support future
stock reproduction and recruitment. PASSAGE has not fallen below the threshold since
Amendment 3 was adopted and the Sustainable Fisheries Management Plan was implemented.
(Figure 6).

The second metric is Recruitment Failure (hereafter abbreviated as RECRUITMENT), defined in
Amendment 3 as three consecutive years of recruitment in the lower quartile of the time series.
The time series of American shad JAl provided by the previously discussed CT DEEP seine survey
will be used as the basis for the RECRUITMENT metric (Figure 7). RECRUITMENT fell into the
lower quartile in 2022 (Figure 7) but increased out of the lowest quartile in 2023 (Figure 8).

The third metric, ESCAPEMENT, is a measure of fishing pressure on the stock expressed as the
proportion of the total run “escaping” the fishery to spawn (Figure 8). A very conservative trigger
of 90% escapement was chosen to facilitate a timely review of potential implications for future
stock production in the event of increasing fishery removals. Recent escapement has been over
90%, but lower escapement rates were common throughout the time series with no evident
diminishment in subsequent recruitment. Median ESCAPEMENT between 1990 and 2023 was
95% with a range of 83% - 99%. All commercial fishing and virtually all sport fishing takes place
below this dam. ESCAPEMENT has not fallen below the threshold since Amendment 3 and the
Sustainable Fisheries Management Plan was implemented (Figure 8).

For purposes of characterizing overall risk, a stop-light style scale has been developed (Figure 9).
Each Sustainable Fishery metric will be scored annually as positive (favorable stock condition) or
negative (unfavorable stock condition) relative to the trigger. The risk to maintaining a
Sustainable Fishery will be judged by combining the results of the three metrics.



A “GREEN” stock status reflects all three indicators are positive, suggesting low risk to future
stock reproduction. Management concern level is LOW. Management action is to continue
monitoring.

A “YELLOW” stock status is indicated when two indicators are positive, and one is negative.
Management concern level is GUARDED. Management action is to consider the values of these
metrics in comparison to other relevant biological and environmental information (e.g. river
flows, fish passage issues) to assess the threat to future stock production and recruitment.
Fishery management action is contingent upon finding that harvest rates are materially
contributing to diminished adult stock or recruitment. For example: if the ESCAPEMENT trigger
has been exceeded, but both PASSAGE and RECRUITMENT are well above average, then no
management action may be necessary. Conversely, if both ESCAPEMENT and PASSAGE are
marginally “positive”, but RECRUITMENT is strongly negative, then additional harvest restrictions
may be warranted.

An “ORANGE” stock status is indicated when two of three metrics are negative. Management
concern level is ELEVATED. Management action again includes a closer examination of actual
metric values and other relevant biological and environmental factors contributing to the
perceived stock condition. Fishery management action is contingent on a finding that harvest
rates are materially contributing to diminished adult stock or recruitment. The likely need for
fishery management action is greater than under the GUARDED concern level.

A “RED” stock status is indicated when all three metrics are negative. The management concern
level is HIGH. Management action includes immediate steps to increase ESCAPEMENT above the
threshold. Possible harvest restrictions could include but may not be limited to one or more of
the following: decrease in length of season, increase in minimum gillnet mesh size, increase in
number of rest days. The need for more aggressive fishery management measures including a
harvest moratorium would be contingent on a full examination of the stock and its capacity to
support harvest.

In addition to ASMFC, the Connecticut River Migratory Fish Restoration Cooperative (formerly
known as the Connecticut River Atlantic Salmon Commission) —a compact of the states bordering
the Connecticut River (CT, MA, VT, NH), NMFS, and USFWS —has an interest in the Connecticut
River American Shad resource and will be party to any system-wide fishery management
decisions.

We recommend continued use of the three metrics described here to determine the
sustainability of the CT River American shad fishery, as previously approved under Connecticut’s
initial Sustainable Fisheries Management Plan.

All metrics used for this plan since the last update to the CT SFMP (submitted in 2017) have
consistently been above the threshold, or trigger values, indicating a GREEN stock status and a
low level of management concern. Management action is to continue monitoring. The
RECRUITMENT metric fell into the lower quartile for one year (2022) but increased out of the
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lower quartile in 2023. A change in management concern is only justified if the RECRUITMENT
value falls into the lower quartile for three consecutive years.
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Figure 1. Connecticut River American Shad Commercial Landings (N), 1990 — 2023.
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Figure 2. Connecticut River map showing range allowed for commercial shad gillnet fishery.
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Figure 3. Map of the Connecticut River north of Hartford highlighting the creel survey sites for
the American Shad recreational fishery. The sites marked in yellow indicate shad angler activity
during the last creel survey conducted by CT DEEP in 2010.
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Figure 4. Annual Connecticut River American shad recreational landings (n), 1990-2023. Creel surveys have not been conducted by
CT DEEP since 2010. For all years in which a creel survey was not conducted, recreational landings were estimated as 1% of the
population estimate.
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Figure 5. Map of the Connecticut River showing locations of juvenile seine survey sites.
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Figure 6. Number of American Shad lifted at the Holyoke Dam, 1990-2023. The orange line represents the minimum passage
threshold of 140,000.
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Figure 7. Connecticut River American shad juvenile geometric mean catch per unit effort, 1990-2023. The Orange line represents the

low quartile value for the time series (1978-2023).
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Figure 8. The annual percentage of escapement for Connecticut River American Shad; 1990-2023. The orange line indicates the

threshold escapement value of 0.90.
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Figure 9. Sustainability Flow Chart for Connecticut River American shad stock monitoring.
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Table 1. Connecticut River American shad population estimates, commercial landings,
recreational landings, and percent escapement, 1990 — 2023.

CT POPULATION  CT COMMERCIAL CT RECREATIONAL
YEAR ESTIMATE (N) LANDINGS (N) LANDINGS (N)* %ESCAPEMENT
1990 816,400 29,710 37,831 0.92
1991 1,195,900 32,286 85,494 0.90
1992 1,628,100 30,939 120,146 0.91
1993 749,200 22,963 64,855 0.88
1994 325,600 21,212 45,014 0.80
1995 304,500 14,161 14,425 0.91
1996 667,000 15,958 11,000 0.96
1997 659,000 21,555 6,590 0.96
1998 651,000 21,512 6,513 0.96
1999 475,000 10,378 4,751 0.97
2000 428,000 23,570 4,274 0.93
2001 773,000 14,543 7,731 0.97
2002 687,000 27,806 6,867 0.95
2003 527,000 26,420 5,273 0.94
2004 351,000 15,892 3,511 0.94
2005 226,000 17,209 2,260 0.91
2006 293,000 9,236 2,930 0.96
2007 244,000 11,576 3,820 0.94
2008 277,000 7,344 2,750 0.96
2009 321,000 7,593 3,210 0.97
2010 279,000 5,094 616 0.98
2011 387,000 6,725 3,870 0.97
2012 778,462 13,168 7,785 0.97
2013 623,757 14,661 6,236 0.97
2014 588,105 12,953 5,881 0.97
2015 687,760 14,637 6,878 0.97
2016 643,217 7,839 6,432 0.98
2017 852,776 10,260 8,528 0.98
2018 436,876 4,772 4,369 0.98
2019 498,986 1,341 4,990 0.99
2020 575,275 5,211 5,753 0.98
2021 376,676 5,119 3,767 0.98
2022 302,146 3,830 3,021 0.98
2023 440,265 3,397 4,403 0.98

1For years when a creel survey is not conducted, recreational landings are estimated as 1% of the population.
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Table 2. Summary of SFMP values with triggers, 2013 — 2023.

PASSAGE SUSTAINABILITY
YEAR PASSAGE TRIGGER TARGET MET?
2013 392,967 140,000 YES
2014 370,506 140,000 YES
2015 412,656 140,000 YES
2016 385,930 140,000 YES
2017 536,670 140,000 YES
2018 273,979 140,000 YES
2019 314,361 140,000 YES
2020 262,244 140,000 YES
2021 237,306 140,000 YES
2022 190,074 140,000 YES
2023 277,367 140,000 YES
JAI SUSTAINABILITY
YEAR JAI TRIGGER TARGET MET?
2013 3.16 3.59 NO
2014 8.03 3.65 YES
2015 8.53 3.80 YES
2016 16.7 3.96 YES
2017 5.00 3.96 YES
2018 22.76 4.11 YES
2019 4.52 4.26 YES
2020 COVID 19 UNKNOWN
2021 16.88 4.34 YES
2022 3.93 4.18 NO
2023 7.89 4.26 YES
% ESCAPEMENT SUSTAINABILITY
YEAR % ESCAPEMENT TRIGGER TARGET MET?
2013 97 90 YES
2014 97 90 YES
2015 97 90 YES
2016 98 90 YES
2017 98 90 YES
2018 98 90 YES
2019 99 90 YES
2020 98 90 YES
2021 98 90 YES
2022 98 90 YES
2023 98 90 YES
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