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Review River Herring Stock Assessment Update (B. Chase) 8:15a.m.
Timeline for Shad Stock Assessment Update (J. Kipp) 9:15a.m.
Consider Approval of Shad and River Herring Sustainable Fishery 9:25a.m.

Management Plans (SFMPs) Final Action

e Review SFMPs and Technical Committee Memo (B. Chase)
e South Carolina — Updated River Herring SFMP
e Florida — Updated Shad SFMP

Consider Approval of 2016 FMP Review and State Compliance Reports 9:45 a.m.
(K. Rootes-Murdy) Action

Other Business/Adjourn 10:00 a.m.
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MEETING OVERVIEW

Shad and River Herring Management Board Meeting
August 2, 2017
8:00 -10:00 a.m.
Alexandria, Virginia

Chair: John Clark (DE) Technical Committee Chair: | Law Enforcement Committee
Assumed Chairmanship: 2/17 Brad Chase (MA) Representative: Furlong (PA)
Vice Chair: Advisory Panel Chair: Previous Board Meeting:
Mike Armstrong Pam Lyons Gromen February 1, 2017

(19 votes)

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

2. Board Consent

e Approval of Agenda
e Approval of Proceedings from February 2017

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. Review River Herring Stock Assessment Update (8:15-9:15 a.m.)

Background

e The 2012 Benchmark Stock Assessment was updated with new data from 2010-2015. The
assessment includes trend analyses of abundance, mortality, and biological data from river-
specific stocks and regional and coastwide mixed stocks. Results of trend analyses and recent
trend determinations will be presented.

e Coastwide Assessment (Briefing Materials) and State Chapters (Supplemental Materials)

Presentations

e Overview of the River Herring Stock Assessment Update by B. Chase

5. Timeline for Shad Stock Assessment Update (9:15-9:25 a.m.)

Background

e The 2007 Benchmark Stock Assessment will be updated in 2018. The update will follow a similar
schedule as the River Herring Assessment Update and will provide similar information.

Presentations

e Timeline for Shad Stock Assessment Update by J. Kipp

Vision: Sustainably Managing Atlantic Coastal Fisheries



6. Consider Approval of Sustainable Fishery Management Plans (9:25-9:45 a.m.) Final Action

Background

e The Florida Fish and Wildlife Conservation Commission (FWC) submitted an updated SFMP for
recreational harvest of America shad in the St. Johns River. (Briefing Materials) The plan includes
recent data and requests to maintain the existing recreational management measures from the
2011 SFMP. There are no commercial fisheries operating in state waters that take shad
deliberately or that are likely to take shad as bycatch

e The South Carolina Department of Natural Resources submitted an updated SFMP for commercial
and recreational harvest of blueback herring (Briefing Materials). The plan includes recent data
and requests to maintain the existing management measures from the 2010 SFMP.

e The Technical Committee reviewed the documents and provided recommendations to the Board
(Briefing Materials).

Presentations

e Overview of the SFMPs and Technical Committee Recommendations by B. Chase

Board Actions for Consideration

e Approval of the Sustainable Fishery Management Plans

7. Fishery Management Plan Review (9:45-10:00 a.m.) Action

Background
e State compliance reports were due on July 1
e The PRT reviewed and complied the annual FMP Review. (Briefing Materials).

e Florida, Maine, New Hampshire and Massachusetts have requested and meet the requirements
for de minimis for American shad.

e Florida and New Hampshire have requested and meet the requirements for de minimis for river
herring

Presentations

e Overview of the 2016 Fishery Management Plan Review by K. Rootes-Murdy

Board Actions for Consideration

e Accept the 2016 FMP Review and approve de minimis requests

8. Other Business/Adjourn
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Draft Proceedings of the Shad and River Herring Management Board Meeting February 2017

DRAFT PROCEEDINGS OF THE

ATLANTIC STATES MARINE FISHERIES COMMISSION

SHAD AND RIVER HERRING MANAGEMENT BOARD

The Westin Alexandria
Alexandria, Virginia
February 1, 2017

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 Meeting February 2017

TABLE OF CONTENTS

Call to Order, Chairman JONN Clark........cieeiieeiiieiiiiciieciieicric et ree e renrereeeerenesrenseseneessnessensssanssernnnes 1
APProval Of ABENA .....ciiiieuuiiiiiiiiiiiiiiiiiieeiiiieiiiiiieetiteesssssssseestttesssssssssesstteesssssssssssssssesssssssssssssssesnns 1
Approval of Proceedings, OCtober 2016 ........ccceeuuueeeerriiiermnnnceeeeereeeennmnssseeesseeeennnnsssssssssesssnsssssssssssesennns 1
Consider Approval of Sustainable Fishery Management Plans (SFIMIP) ........ceeiiiiieeemnncieeerreeeeennnnesseennens 1
New YOrk SFIMIP fOr RIVEr HEITING.......cciiiiiieiiecccccetieteiiinecceeseeeennnnssssseesseeesnnnssssssessesennnnssssssassesennnn 1
Delaware River Basin Cooperative SFIMP for Shad........cccccciiiiiiiiimmiiiiiniininie. 2
Maine Updated SFIMP for RIVEr HEITING ..cccuuciieeeeiiiiiemnieiteennieereenniertennseesneanseessensseessenssessssnsssssssnssnnes 7
Consider Approval of The American Shad Habitat Plan from Florida......ccccccccciiiiiimmnnniiicininninnnnisiennnnn 8
Election Of VIiCE-Chail.....cccciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeieeeiieeimeeiseeieeeeseeesseesseessmesseesseesseesseesseesssesssesssssssssnns 9
AdJOUINMENT ......cceeciiiiiieiieeceecer e rereeneseee s s e e e s nnnsssseeseaeernnsssssssssseeennnnsssssssssenennnnnsssssssseeesnnnssssnsssenennnne 9
These minutes are draft and subject to approval by the Shad and River Herring Management Board. ii

The Board will review the minutes during its next meeting.



Draft Proceedings of the Shad and River Herring Management Board Meeting February 2017

INDEX OF MOTIONS

Approval of Agenda by Consent (Page 1).
Approval of Proceedings of October, 2016 by Consent (Page 1).

Move to accept the New York Sustainable Fishery Management Plan (SFMP) for river herring,
the Maine SFMP for river herring and the Delaware River Basin Cooperative SFMP for shad
(Page 8). Motion by Adam Nowalsky; second by Terry Stockwell. Motion passes unanimously
(Page 8).

Move to approve Florida’s American Shad Habitat Plan (Page 9). Motion by Michelle Duval;
second by Malcolm Rhodes. Motion passes unanimously (Page 9).

Move to elect Mike Armstrong as Vice-chair of the Shad and River Herring Management Board
(Page 9). Motion by Ritchie White; second by Robert Boyles. Motion passes unanimously (Page
9).

Move to adjourn by Consent (Page 9).
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The Shad and River Herring Management Board
of the Atlantic States Marine Fisheries
Commission convened in the Edison Ballroom of
the Westin Hotel, Alexandria, Virginia, February
1, 2017, and was called to order at 10:00 o’clock
a.m. by Chairman John Clark.

CALL TO ORDER

CHAIRMAN JOHN CLARK: Good morning
everybody, and welcome to the Shad and River
Herring Board. Will Commissioners please be
seated, and will everybody else please take
conversations outside; thank you.

APPROVAL OF AGENDA

CHAIRMAN CLARK: All right are there any items
to add to the agenda? Seeing none; are there
any objections to the agenda as here? Seeing
none; the agenda is approved.

APPROVAL OF PROCEEDINGS

CHAIRMAN CLARK: Do we have any changes or
additions to the minutes from the last meeting?
Seeing none; and with no objection then the
minutes are approved.

CONSIDER APPROVAL OF
SUSTAINABLE FISHERY MANAGEMENT PLANS
(SFMP)

CHAIRMAN CLARK: We have no public
comment, and so we’ll move right on to Agenda
ltem 4, which is Consider Approval of
Sustainable Fisheries Plans. Brad Chase, the
head of the Technical Committee will be giving
us a review of each of these plans; and we'll
have times for questions after each plan.

NEW YORK SUSTAINABLE FISHERY
MANAGEMENT PLAN FOR RIVER HERRING

MR. BRAD CHASE: Good morning. We're going
to start with New York’s plan to update their
river herring sustainable fishery management
plan. This plan is focused on the Hudson River
and tributaries. There has been consistent

spawning stock sampling since 2012; and the
sampling has found that mean length and mean
length at age are increasing, as well as the
frequency of repeat spawning.

Mortality estimates from the sampling have
been declining. The plan will adopt regulations
changes that were implemented in 2013.
During this period since the last plan,
commercial landings have declined by about 50
percent. The two main data series used as
benchmarks are the Seine Series for Blueback
Herring and Alewife that are shown here.

There is a fair amount of variability in these
series, but you can see that the benchmark is
the 25th percentile, the data series that is the
line running along the X axis, and the threshold
is to stay above that line; and if it goes below
for three years there will be a management
response. You can see that they have stayed
above it with a few exceptions in the time
series.

The proposed plan for 2017 to 2021 is
essentially the status quo, really no changes to
the plan. The fishery just occurs in the Hudson
River and tributaries. There is a moratorium
otherwise in other state waters. There will be
the continuation of the recreational possession
limit of 10 fish per person, or 50 fish per boat;
again status quo with no changes.

To repeat, the sustainability targets are the
young-of-year indices and recruitment failure is
considered three years in a row below the 25
percentile of the data series. The state is also
pursuing additional sustainability measures;
looking at mean length and age, as well as total
mortality in the frequency of repeat spawning.
These are not quite ready. The duration of the
time series needs a little bit more length. They
are also looking at catch-per-unit effort of
commercial harvest. They hope to develop
these additional measures for a future update.
The TC recommended approval of the updated
sustainable fishery management plan for New

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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York, and it will adopt the regulation changes in
2013 in this update; otherwise no changes to
the plan.

CHAIRMAN CLARK: That was the New York SFP,
are there any questions about that plan?
Seeing none; Brad, do you want to take the next
SFP?

DELAWARE RIVER BASIN COOPERATIVE SFMP
FOR SHAD

MR. CHASE: Okay the next would be Maine.
Oh, is Delaware cued up. The Delaware River
Basin, it’s their shad plan that was implemented
five years ago. It is an update. It's prepared by
the Delaware River Basin Fish and Wildlife
Management Cooperative. This involves the
entire Delaware River Basin; including the states
of New York, New lJersey, Pennsylvania and
Delaware.

The plan is based on four indices of abundance
they use to track sustainability for the shad
stocks. Pictured here are the four indices. The
first one is the Smithfield Beach gillnet, it
collects spawning adults for brood stock. It
began in 1990. The second one is a title survey
for juvenile shad, and then there is a non-title
survey for juvenile shad; these are seine
surveys.

The title began in 1987, the non-title in 1980.
They also have an index developed from
commercial reporting of total landings; and
they could look at catch-per-unit effort as well.
Here are those indices with a fifth added for the
update. It also shows the benchmark levels.
The first three are fishery independent, and
they’re using the 25th percentile of the data
series.

The management trigger is to have a response if
there are three years below that 25 percentile.
Then for the two fishery dependent, they use
the ratio of commercial harvest to the
Smithfield Beach Survey, and they use the 85th

percentile for that. Again, there is a
management response if they are three years
above the line.

The new proposals for the mixed stock landings,
and they’re going to use the 75th percentile
with a management response if they go two
years above that line. Since the last plan was
approved there have been no necessary
management responses due to these triggers.
In terms of harvest restrictions for recreational
New York, Pennsylvania, and New Jersey has a
three shad per day with no size limit.

Delaware has a yearlong season also with up to
ten shad per day no size limit. For commercial
fisheries New Jersey has a directed fishery that
has limited entry, and Delaware has a bycatch
fishery in the striped bass gillnet fishery that
has limited entry as well; but no specific shad
restrictions. There is a series of management
actions that will occur if the benchmark is
exceeded. | won’t go through them all.

There are different responses depending on
which index is exceeded, and they can involve a
closure of the fisheries or reductions of
recreational fisheries to catch and release only;
or different types of levels or responses,
depending on what happens. There are also
responses that occur if they have multiple
exceedances of the different indices, and
they’re listed here. Again, the cooperative can
decide if they want to have a full fishery closure
or if they want to have some interim measure
to reduce harvest. In terms of changes from the
previous plan, first the nontitle juvenile
abundance index will now be calculated as a
result of a generalized linear model method,
instead of a geometric mean. They are going to
use data just for several specific sites, and
continue to estimate the geometric mean; but
they will use the GLM to produce that index.
The next change from the previous plan is to
have a new mixed stock benchmark.

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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The new management benchmark was added in
response to concerns that our basin shad stocks
are being harvested in lower Delaware Bay. The
development of a benchmark required
determining a limitation line for the upper and
lower Delaware Bay in assigning stock
percentages based on that line; and it also
imposes limits in the amount of shad that can
be harvested from the mixed stock fishery, and
imposes gear restrictions in the lower Bay if
management actions are warranted.

Further on a new mixed stock benchmark. The
demarcation line had been from Leipsic River in
Delaware over to Gandys Beach, New Jersey.
This was a line where 100 percent of the stock
above the line was considered to be Delaware
River fish, and below that line was estimated to
have 40 percent of Delaware River origin; an
otherwise mixed origin.

What is being proposed by the Cooperative is to
lower the line, keeping the Gandys Beach origin
on the New Jersey side, but lowering it down to
Bowers Beach in Delaware. The Cooperative
selected Bowers Beach as delineation between
the upper Bay and the lower Bay, and decided
to assign a 40 percent of commercial landings to
Delaware stock for any shad harvested in the
lower Bay.

Here is a graph that shows the lines. You can
see the original line running from Leipsic River
over to Gandys Beach in New Jersey, and that’s
in blue. Then the orange line is the new
proposed line. It’'s running from Gandys Beach
down to Bowers Beach in Delaware. This is
what is proposed by the Cooperative. The
origin | think relates to past tagging studies, as
well as an improvement in reporting for
landings with a change in line. This item was
discussed at length by the TC.

We did not come to consensus on the topic.
There were some members that wished to
support the proposal as stated, and other
members felt that the line should not be moved

south until there was more information that
could be gathered. There is a proposed genetic
study that’s to be started this year, and there
were members that expressed that concern
that the line should remain where it is, or be
lowered just two miles south down to Port
Mahon instead of down to Bowers Beach.

That is where the TC ended. Let me go a little
further on TC recreational concerns. The TC
expressed concern that this could result in
expanded effort in the mixed stock fishery,
given some shad were previously in the mixed
stock portion of the Bay would now be deemed
100 percent Delaware River stock if the
proposed line is approved. They also expressed
a concern that mixed stock landing benchmark
is artificially high; because it is derived from
landings that stretch back to the eighties, when
the harvests were much higher and exceeded
100,000 pounds.

The plan says low market values have caused
the decline in landings; but Figure 41 in the plan
suggested the price of shad is increasing. If the
price were to continue to increase, it could lead
to unsustainable harvest. Questions were
asked why Bowers Beach was selected as the
new line as opposed to Port Mahon. There was
discussion on ocean bycatch in federal waters;
and concerns about the lack of information on
mixed stocks in federal waters. Also again, they
highlighted the fact that a new genetic study
was going to begin in 2017, and some members
expressed the interest in having that
information before a decision was made. That
sums up the TCs comments; otherwise there
was support to approve the plan with all those
changes; with just the lack of consensus on the
line change.

CHAIRMAN CLARK: Any questions about the
Delaware SFP? Yes, Mike.

MR. MIKE ARMSTRONG: It looks like the TC can
go along with most of the plan, it’s the line that
we should be considering now; where the TC

These minutes are draft and subject to approval by the Shad and River Herring Management Board.
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had a real problem with it. | guess | share a lot
of those concerns. But my question and |
couldn’t find it. It wasn’t in your presentation,
and | didn’t see it in anything. | apologize if |
missed it.

Why the move to move itself? Is there a fishery
going on along the west coast that needs to be
accommodated? | know part of it was, | read
that it doesn’t match up currently with the
reporting lines; and that’s a big deal | guess.
But that would bring it to Port Mahon, if that’s
the pronunciation. Why go to Bowers Beach?
Is it a fishery issue? If someone could answer
that it would be great.

CHAIRMAN CLARK: Yes Mike, | can take that. It
is our reporting region, and really if you look at
our shad landings they are mostly coming from
Leipsic in the upper Bay, which is above Port
Mahon and up into the river. We just felt that
Bowers Beach was a much better dividing line
between where we would expect to see the
mixed stock being caught by the fishery.

Most of our effort, as was pointed out this used
to actually be a shad fishery when striped bass
fishery came back in. Striped bass was actually
a bycatch fishery of our shad fishery; but now
it’'s just the opposite, where most of our
gillnetters in the spring are targeting striped
bass.

They’re using 7 to 7.5 inch mesh, because they
want to get striped bass that are big enough to
sell on the New York market; where they can
get a premium price for it. We are not seeing
really that much effort targeting shad in the
first place and in the lower Bay where they
would be most likely to have the interactions
with the mixed stock, we figure this line actually
is a much better demarcation point for
Delaware.

MR. ARMSTRONG: But it does look like
biologically that line will then encompass more
mixed stock; which would be reported as

Delaware River fish, is that correct, and does
that present problems for the TC when you’re
trying to tease out mortality rates on different
stocks?

CHAIRMAN CLARK: As you saw the map of the
Bay there, we’re still a good ways up the Bay.
We're calling lower Bay all the way from Cape
Henlopen up to Bowers Beach. It is a big chunk
of Delaware Bay there, as you can see. Really
the effort that would be catching shad is low in
that point; even in the middle Bay it is pretty
low.

| think it is pretty much a moot point. | don’t
think we’re going to see a lot of shad landed in
either the mid Bay or the lower Bay, more so in
the upper part of the mid Bay. We think that
this just captures it better if we do see a big
increase in shad landings, let’s say in the lower
Bay that would be concerning. That could
indicate that we were fishing more on mixed
stock; any other questions? Lynn.

MS. LYNN FEGLEY: | just also had the same
concerns that the TC voiced. How inconvenient,
what would the impact be on the Delaware
fisheries if the line was at Port Mahon and not
down to Bowers Beach? What would be the
difference for the fishery?

CHAIRMAN CLARK: | would have to look again
at our landings to see. From what | recall
though, based on the triggers we have in there,
| don’t think it will make a huge practical
difference at this point. But we just wanted to
make sure in the eventuality that shad landings
did pick up again.

| don’t see that happening, but if it did we think,
and we’ve looked at it closely, we've had
several of our scientists working on this of
course. We just think that the Bowers Beach
dividing line will protect the mixed stock well
without causing unnecessary stoppages to our
commercial fishery there. That was the impetus
on our part to have that line moved. Cheri.
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MS. CHERI PATTERSON: Yes, I'm going to have
to echo my colleagues concerns. I’'m looking at
some of these percentages on the boxes in this
map, indicating that there could be from the
tagging studies | believe, kind of a higher
percentage of stock that isn’t necessarily
specific Delaware River; if you go from Bowers
Beach. It looks like you have more, unless | am
not understanding this correctly, you have less
of a mixed stock if you start from Port Mahon.

Those are Delaware River stock primarily. New
York probably does have a concern if some of
this mixed stock is Hudson River stock, and
they’re just barely above their line of
maintaining their populations for their fisheries
management plan. My thought is to err on
caution, until we have a genetic study that the
TC can look at; and have that compromise of
starting from Port Mahon as opposed to Bowers
Beach.

CHAIRMAN CLARK: Any other questions? Russ.

MR. RUSS ALLEN: Just a couple things. I'm the
Chair of the Delaware River Basin Cooperative
Policy Committee. We’ve had many discussions
on this issue, and we’ve had many discussions
on this issue back to the nineties. If you look at
some of those tagging studies that were done in
the sixties and then we started our tagging
program in the nineties.

That information was available when we closed
the mixed stock fishery back in 2000. We've
known this for a long time that it's a mixed
stock fishery. | think the flavor of the Board at
that time was to not do anything to these
fisheries at that time. At that point we put in
limited entry; and | know Delaware has done a
lot of work at that portion of their fishery,
making sure that landings are down.

We now have three fishermen who landed last
year, and | think Delaware was less than ten; so
it’s working. We really took a lot of time trying
to figure this out. The good news is we have

another study coming this year; with the help of
the U.S. Fish and Wildlife Service, and we’re
going to do a lot of work.

The goal was to get a mixed stock benchmark in
this plan, and we don’t want to see it all of a
sudden go by the wayside; because we’re not
happy with the line for New Jersey and
Delaware, and we get some votes against that.
We don’t want that to happen. We put it in
here to make sure we had one, because that
was a major recommendation from five years
ago. The one thing we want to do is use the
new technology that’s available; the new
studies that we’re going to do. This is a fluid
document and we can change it at any time, as
long as this Board agrees to that. We’re hoping
we can just get this benchmark in here at this
time. We took into account the things that are
happening, Delaware and their reporting.
Maybe they can fix that in a year.

Maybe they can make that better and we can
move the line again. But if it helps us get the
benchmark right for now; that is the whole
point behind this. We’re looking forward to the
help we can get from the other states, and U.S.
Fish and Wildlife Service to make sure we get a
good study done this year.

Hopefully that will continue for multiple years. |
just wanted to get those points across that
we’re working hard to make sure this happens.
The change in this line doesn’t affect anything
in New Jersey, this affects Delaware. It is not
going to mix anything with our fishermen, but |
want to make sure this benchmark is in there;
so we can change it even next year if there is a
new set of data, and take it to our Policy
Committee at the Co-op, and then bring it back
to the Board.

CHAIRMAN CLARK: Any further questions?
Mike.

MR. ARMSTRONG: Not to belabor it, but it
seems like we have a decision to either leave it
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the way it is or go ahead and move it, and then
take a look at the genetics as they come in. A
question for either Russ or Brad is the study
definite and is the spatial resolution enough to
resolve an issue involving 12 miles of coastline?
| don’t want to kick the can down the road, if in
fact we're going to be looking at something that
is not going to help us.

MR. CHASE: The TC did not receive a proposal
in this study; we just had a brief summary that |
think the U.S. Fish and Wildlife Service are going
to initiate. | would ask if any of the other Board
members have information on the nature of the
study; because the TC was not briefed on it.

MR. ARMSTRONG: Okay and that’s just level of
comfort, knowing something is coming.

CHAIRMAN CLARK:  Sherry, do you have
information on the study?

MS. SHERRY WHITE: We don’t have a study
design yet, but we’re working collaboratively
with the TC on that.

CHAIRMAN CLARK: Thank you, | know that
obviously the subject has come up in our states.
In Delaware we’re going to make all efforts to
get samples from the entire extent of our
fishery; any further questions? Oh, Lynn.

MS. FEGLEY: This is really I think for Russ. I'm
trying to understand if the line was changed, if
the line was moved up to Port Mahon, would
that impact the mixed stock benchmark?

CHAIRMAN CLARK: Do you want to take that
Russ?

MR. ALLEN: I'll try. We would have to go back
and look at the landings and see. But | think the
point that John is getting at is he can’t
differentiate between the two right now. He
felt that it was better to put that line where it
is, and the information would be more accurate
than move the line and then not be sure if it

was accurate. | think | hit that in a nutshell, but
we're just trying to make sure we get the best
numbers out there for people. But it is still not
perfect.

CHAIRMAN CLARK: It was close, Russ. Cheri.

MS. PATTERSON: Yes, | have a question for
New York, as this was also part of their concern
and I'm not hearing anything. Are you guy’s
fine with moving the line down to Bowers,
knowing that it could be affecting your stocks in
Hudson?

CHAIRMAN CLARK: Do you want to take that
Steve?

MR. STEVE HEINS: Not really, but | will. Well,
obviously we have technical concerns about
that. We don’t have any, what we think is new
information that would tell us that there is any
reason to move that line that further south. But
I’'m not on the Policy Board, was not involved in
those discussions.

| don’t really know what happened at the Policy
Board. | do know that New York and
Pennsylvania had the same concerns, so there is
no consensus on the Policy Board either on
moving the line. But yes, | mean we have the
concerns certainly. | would rather see it up at
Port Mahon.

CHAIRMAN CLARK: It's Port Mahon. Andy.

MR. ANDY SHIELS: | have to weigh in because
I’'m the last state. | was on the call with Russ,
John and some others, and Fish and Wildlife
Service; and this issue went on for how many
months, three, four, five months. We couldn’t
break the tie. The TC felt very strongly from the
science side; that's why they put their
comments in. There is a question as to whether
or not their comments should show up in a,
what was the name of the — something opinion
— Dissenting Opinion or something like that. It
went that far.
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Pennsylvania agreed with New York, because
we had the concerns biologically that they’re
trying to restore their stock in the Hudson, and
these fish there is some evidence to prove that
fish that mill around the lower part of the Bay
also travel up the coast and get into the Hudson
fishery. That is why we’re supporting it for the
conservation reasons. Pennsylvania doesn’t
have commercial fisheries, so we don’t have the
same pressures or concerns that New Jersey
and Delaware have. That is kind of how it
played out and we’re kind of at this point today.

MAINE UPDATED SFMP FOR RIVER HERRING

CHAIRMAN CLARK: Are there any further
guestions on that one? Not seeing any; we’ll
move on to the final SFP, which is the Maine
Updated River Herring SFP.

MR. CHASE: Next up is the Maine update for
their sustainable fishery management plan for
river herring. Maine has 40 municipalities that
are approved to have river herring fisheries in
which 24, | believe have viable fisheries
currently. What they have typically for
commercial fisheries, they have one fixed
harvest location that's operated by one
harvester.

The harvest can only occur in that one area.
The commercial season is allowed to occur four
days weekly or with conservation equivalence.
Each commercial harvester collects biological
data. The harvest is required to be reported by
August 1st of each year. Recreational harvest
can occur with 25 fish per day and the fishing
can occur above in the watersheds where
commercial harvest does occur. A brief update
on how things are going in Maine, they have
had some favorable results since the last
update. They generally have seen improved
survival in some of the large rivers of herring
and reduced mortality.

They’re seeing stability in some of the metrics
such as maximum age, mean length at age.
There have been some favorable responses,

including run counts that have been going up in
many of the rivers. A little more on that again,
many of these runs are showing increases in the
run size since the 1990s. The plan does propose
to add an additional commercial harvest in the
town of Franklin; and more on that in a minute.

Again, they’'ve found stability in mortality
estimates, in some cases declining mortality
estimates; and they are seeing a trend of less
harvest for resale and more harvest for
personal use. The fishery they would like to add
is in the town of Franklin, and it involves Card
Mill Stream. It's a fishery that was closed in
2012, because they didn’t have biological data.

In the eight years since then you can see the
graph that shows the counts. Their
sustainability target is 35 fish for a spawning
acreage. You can see that line running across
the X axis and where the counts have been in
relation to the line. In the lower left you can
see a graph for mortality estimates at this run,
and you can see they’re declining.

They’ve also documented increasing numbers
of older fish in the run as well. They feel they
have a justification based on the eight years of
biological monitoring to open this fishery. In
terms of their sustainability definition, what
they have is a metric based on the number of
spawning run fish brood stock needed per acre
of spawning surface to sustain the populations.

What they’ve used as a threshold is 35 fish per
surface acre of spawning habitat. Maine has
used that for many years, and it's how they
base their escapement numbers and also their
sustainability measures. The Department of
Marine Resources in Maine works with the
commercial harvesters to collect biological data
from 19 runs, and they also collected 14
noncommercial runs.

They look at repeat spawning rates, annual
mortality estimates, and escapement estimates
for each commercial fishery; and review these
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annually. They review age structure, length
frequency data, they conduct run counts where
possible, and they relate these run counts to
environmental conditions. They also maintain
total harvest levels as well.

A little bit more on their management actions
and triggers. Again, they use the base of 35 fish
per acre. They close the fisheries for three days
a week to allow that escapement to occur, and
then they review their biological data and they
do this annually; and they have management
actions in response to exceeding that metric.

It is a metric that goes well back to the
seventies and eighties, and it was developed at
a time when they had one closed day per week.
Now they’re at three closed days per week. Itis
a conservative approach compared to what was
done previously. The TC looked at the changes
in the update. They reviewed the request to
open Card Mill Stream, and they supported this;
and they recommended approval of the request
to open the new fishery. Also, the TC was
interested in seeing an additional sustainability
measure. Right now there is the one metric
used, and there is a lot of biological data that is
being recorded by the state of Maine. The TC
expressed interest in seeing an additional
metric that could be used as a secondary
measure. The one it zeroed in on was the
repeat spawning ratio. That was discussed as
being included as soon as possible or for the
next sustainable fishery management plan as a
sustainability measure.  Otherwise the TC
recommended approval by the Board.

CHAIRMAN CLARK: Are there any questions on
the Maine updated river herring sustainable
fisheries plan? Okay seeing none, | guess it’s
now time to move to action on these. Is there
any further discussion of these plans before |
ask for a motion; or do we want to get a motion
up and then discuss the motion? All right,
Adam.

MR. ADAM NOWALSKY: | move to accept the
Sustainable Fishery Management Plans as
presented here today.

CHAIRMAN CLARK: Do | have a second? Terry
Stockwell. Is there any discussion on the
motion? Toni.

MS. TONI KERNS: Can we get some specificity
for which plans were presented and for which
species? We can help you out, Adam with
what’s on the Board.

MR. NOWALSKY: I'll try this again. I'll move to
accept the New York sustainable fishery
management plan for river herring, the Maine
sustainable fishery management plan for river
herring and the Delaware River Basin
Cooperative sustainable fishery management
plan for shad. Would that address your
concerns?

CHAIRMAN CLARK: Do we have any discussion
of the motion? Seeing none; do we need any
time to caucus? It doesn’t look that way. |
guess I'll just ask are there any objections to
passing the motion as presented here? Seeing
none; the motion is passed.

CONSIDER APPROVAL OF THE AMERICAN SHAD
HABITAT PLAN FROM FLORIDA

CHAIRMAN CLARK: Our next item on the
agenda is to consider approval of the American
Shad Habitat Plan from Florida. I'll turn it back
over to Brad.

MR. CHASE: The state of Florida submitted a
Shad Habitat Plan for the TC to review. It's a
new plan from the state of Florida, and it
followed the format of all the other plans that
have been approved previously. The TC
approved the plan with no recommended
changes.
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CHAIRMAN CLARK: Are there any questions
about the Florida habitat plan? Seeing none;
can we get a motion? Michelle.

DR. MICHELLE DUVAL: | move that we approve
Florida’s Habitat Plan for American Shad.

CHAIRMAN CLARK: Do we have a second?
Malcolm Rhodes. Is there any objection to
passing the motion as written? Seeing none;
the motion is passed.

ELECTION OF VICE-CHAIR

CHAIRMAN CLARK: That brings us on to our
next agenda item and our final action item; and
that is to elect a Vice-Chair. Ritchie White.

MR. G. RITCHIE WHITE: | would like to
nominate the most distinguished and probably
the most knowledgeable member of the
Commonwealth of Massachusetts; team Mike
Armstrong.

CHAIRMAN CLARK: Mighty high praise, and
seconded by Robert Boyles. | am guessing
there is no objection to that so Mike, you’re
elected, great.

ADJOURNMENT

CHAIRMAN CLARK: Is there any other business
to come before the Board? Seeing none; we
are adjourned.

(Whereupon the meeting was adjourned at
10:39 o’clock a.m. on February 1, 2017.)
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EXECUTIVE SUMMARY

This document provides an update to the 2012 benchmark assessment of river herring (alewife, Alosa
pseudoharengus, and blueback herring, Alosa aestivalis) stocks of the U.S. Atlantic Coast from Maine
through Florida (ASMFC 2012). It was prepared by the River Herring Stock Assessment Subcommittee
(SAS) of the Atlantic States Marine Fisheries Commission (ASMFC) Shad and River Herring Technical
Committee (TC). The analyses and descriptions stem from data and summary reports provided by U.S.
federal and state freshwater and marine resource management agencies, power generating companies,
and universities to the ASMFC. The assessment update was a recommendation of the SAS following the
benchmark stock assessment.

“We recommend an update of trend analyses in 5 years and the next benchmark assessment for
river herring be conducted in 10 years (finalized in 2022). Due to the high variability of fisheries
independent surveys, a benchmark assessment at a shorter timeframe (e.g. 5 years) will likely
not show any significant changes in indices of abundance. Any population changes resulting
from closures of fisheries in 2012; improved access to historic spawning grounds; and additional
beneficial management measures, such as sustainable fishing plans and action by the federal
councils, cannot be expected to result in any population change until at least one cohort of river
herring has grown to maturity (assuming age at maturity is 3 — 6 years). A 10 year timeframe
for the next benchmark assessment will also allow a longer time series of estimated total
incidental catch in non-targeted ocean fisheries to be evaluated.”

The recommendation for an update was supported by the TC in 2016 in preparation for this
stock assessment. An update of a stock assessment includes updating the peer-reviewed, and
Management Board-accepted benchmark assessment approaches with recent data since the
benchmark data terminal year (2010). The data terminal year of this update is 2015.

The benchmark assessment included assessment of Atlantic coastal river herring stocks on an individual
river basis for a few systems and also on a limited coastwide basis. As an anadromous species, ideally river
herring should be assessed and managed by individual river systems. However, the majority of the life
history of river herring is spent in the marine environment where factors influencing survival likely have
impacts upon multiple river stocks when they mix during marine migrations. The complex life history of
anadromous species complicates assessments on a coastwide scale as it is difficult to partition in-river
factors from marine factors governing population dynamics. Also complicating the assessment of river
herring is the variability in data quality among rivers along the coast.

Severe declines in landings began coastwide in the early 1970s and domestic landings are now a fraction
of what they were at their peak having remained at persistently low levels since the mid-1990s. Moratoria
were enacted in Massachusetts (commercial and recreational in 2005), Rhode Island (commercial and
recreational in 2006), Connecticut (commercial and recreational in 2002), Virginia (for waters flowing into
North Carolina in 2007), and North Carolina (commercial and recreational in 2007, with the exception of
a four day open season in the Chowan River during the week of Easter). As of January 1, 2012 states or
jurisdictions without an approved sustainable fisheries management plan, as required under ASMFC
Amendment 2 to the Shad and River Herring FMP, were closed. As a result, prohibitions on harvest
(commercial or recreational) were extended to the following states: New Jersey, Delaware, Pennsylvania,
Maryland, D.C., Virginia (for all waters), Georgia and Florida.



Commercial CPUE

No CPUE data sets reflected declining trends over the last ten years of the update, with one of ten data
sets showing an increasing trend and three showing no trend (Table 1). Six were not updated due to
discontinuation or changes in methodology.

Run Counts

No run counts reflected declining trends over the last ten years of the updated data time series with
eleven of twenty nine showing increasing trends, fourteen showing no trend, and four not being updated
(two due to discontinuation and two due to agency recommendation; Table 1).

An updated cluster analysis using the most recent eight years (2008-2015) did not result in groupings of
runs similar to the corresponding final eight year period (2003-2010) used in the benchmark analysis. It
is difficult to discern any consistent trends as to why the two periods differ, but suggests that rivers
along the Atlantic Coast that were previously grouped together for similar trends have not been
experiencing similar population trends in the years since the benchmark.

Young-Of-The-Year Seine Surveys

Inclusion of datasets for the period after the benchmark up to 2015 did not show any changes in trends
outlined in the benchmark assessment. One of sixteen YOY seine surveys indicated a declining trend over
the last ten years, two indicated increasing trends, and thirteen indicated no trend (Table 1). Indices of
alewife from young of year (YOY) seine surveys remained at relatively low levels similar to those seen for
the period prior to 2011. Blueback herring also remained similar to levels observed in the terminal years
of the benchmark assessment, although some surveys (Virginia, Maryland, and District of Columbia) have
seen increases in 2014-2015.

Juvenile-Adult Fisheries-Independent Seine, Gillnet and Electrofishing Surveys

Seine CPUE for combined species in Narragansett Bay fluctuated without trend from 1988-1997, increased
through 2000, declined and then remained stable from 2001-2004, increased again in 2005, and declined
in 2009. The pond survey CPUE increased during 1993-1996, declined through 1998, increased in 1999,
declined through 2002, peaked in 2012, and then declined and fluctuated without trend thereafter.
Addition of data from 2011 to 2015 does not show a significant correlation (p=0.413) with the addition of
more years of data, suggesting that the pond survey may not fully capture year-class strength.

The electrofishing CPUE indices for alewives and blueback herring in the Rappahannock River and James
River were highly variable for the time series. The electrofishing CPUE indices for blueback herring in the
St. John’s River declined precipitously from 2001 to 2002 and has fluctuated without trends since 2003.
The common trend among the Virginia and Florida electrofishing survey occurred in 2004 and 2015 when
the Rappahannock River alewife index, James River blueback herring index, and St. John’s River blueback
herring index increased.

Juvenile and Adult Trawl Surveys

Trends in trawl survey indices varied greatly with one of twelve indicating a declining trend over the last
ten years, four indicating increasing trends, and seven indicating no trend (Table 1). The probability of the
final year of the survey being less than the 25 percentile reference point [P(<0.25)], as estimated with
ARIMA, ranged from 0 to 0.464 for alewives and 0 to 0.540 for blueback herring.



Mean Length

Updated trend analysis shows a continuation of the declining mean size of both species mentioned in the
benchmark assessment. A significant decline in mean length of alewives was in 4 of the 9 river systems
examined (Table 1). Similarly, blueback herring mean length is significantly declining in 6 of the 9 river
systems examined (Table 1). Trends in mean lengths from the NEFSC bottom trawl survey were similar to
those of the benchmark.

Maximum Age

Data provided in the update added little information to this visual analysis. In terms of maximum age no
trends appear reversed and most runs had stable ages. Lamprey River (NH) alewife maximum age appears
to be trending upward, while Nanticoke River (MD) alewife and blueback herring, and Chowan River (NC)
blueback herring maximum ages appear to have dropped (Table 1).

Mean Length-at-Age

Of the 112 Rivers-Species-Age combinations updated (111 with data, as there was no data available for
Gilbert-Stuart Alewife Male age 6), 26 have reversed in terms of their significance when compared to the
analysis preformed in the benchmark assessment. Declines in mean length of at least one age were
observed in most rivers examined. There is little indication of a general pattern of size changes along the
Atlantic coast.

Repeat Spawner Frequency

There have been no increasing trends in the percent repeat spawners over the full data time series, with
declining trends in three rivers assessed and no significant trends for all other data sets (Table 1).

Total Mortality (Z) Estimates

There have been no increasing trends in empirical total mortality estimates over the last ten years of the
updated data time series. Three trends have declined and ten have shown no trend (Table 1). 2013-2015
average total mortality estimates for twelve rivers exceeded Zso%,m-0.7 benchmarks, while averages for two
rivers were below these benchmarks (Table 2). All 2008-2010 average estimates from the benchmark
assessment exceeded Zao%,m-0.7 benchmarks.

Exploitation Rates

In-river exploitation of river herring since the benchmark assessment appears to have declined or
remained stable for the two Maine rivers where still observed. Coastwide relative exploitation since the
benchmark stock assessment is the lowest of the time series, averaging 0.05.

Stock Status

Of the 54 in-river stocks of river herring for which data were available, 16 experienced increasing trends
over the ten most recent years of the update assessment data time series, 2 experienced decreasing
trends, 8 were stable, 10 experienced no discernible trend/high variability, and 18 did not have enough
data to assess recent trends, including 1 that had no returning fish. The coastwide meta-complex of river
herring stocks on the US Atlantic coast remains depleted to near historic lows. A depleted status
indicates that there was evidence for declines in abundance due to a number of factors, but the relative
importance of these factors in reducing river herring stocks could not be determined.



Table 1. Summary of river herring trends from select rivers along the Atlantic Coast.

Percent
Commercial CPUE Run Yoy z Trawl Mean Length | Max Age Repeat Updated Recent Trends*
Counts survey Surveyt
Spawners
State River**
Full Full Full . . . . .
20062015  Time- [2006-2015 Time- |2006-2015 Time- [2006:2015 ' "¢ |ag0g2015 U ime- | Full Time-(Full Time-) Full Time- 2006-2015
) _ ) series series series series series
series series series
Androscoggin i i - - nsh oA A Increasing®
Kennebeck Gl Tas Increasing™
ME Sebasticook Gl Tas M GAGB ] A - Increasing™
Damariscotta i WS Increasing®
Union oh =f No Trend?
Cocheco TRH TRH lA lA,BF’ (_)BM TAY (_)B TAY lB n.S.AYBF, lBM (_)A,B n.S.AYB |ncreasingA,B
Exeter o s 1M nsA oh nsh Stable™!
\H Lamprey 1RH 1RH IR R nsh o ns? Increasing™
Oyster R PN B B 1B B ns® Decreasing™
Taylor D(2015) | D (2010) No Returns®!
Winnicut D(011) M D (2011) he n.sA8 D(2011) | D (2010) Unknown™®
Mattapoisett i oA Increasing®
Monument TA,B /‘\‘A , lB (_)A TAM,BF’ (_)AF,BM lA,B (_)A,B lA,B IncreasingA,B
MA Nemasket i oA oA oA ns? Increasing”
Parker = A oA Stable®
Stony Brook Unknown?
Buckeye oA oA Increasing”
RI Gl|bel‘l <—>A ~ <—>RH <—>RH (_}A A (_)A’ lB TA, (_}B (_}A iA StableA
Nonquit A A A ik ns? Decrease”
Bride Brook i A Increasing®
Connecticut =F B B 1B Stable®
Farmington X X Unknown®®
CcT Mianus A8 B "B WA e No Trend" Increasing®
Mill Brook oA A No Trend?
Naugatuck X X Unknown*®
Shetucket = = No Trend”, Stable®




Table 1. Continued

_ Run Yoy Trawl Percent
Commercial CPUE z Mean Length | Max Age Repeat Updated Recent Trends*
Counts survey Surveyt
State River™ Full Ful Ful oo
20062015  Time- |20062015 Time- |2006:2015 Time- |2006:2015 ' 1Me | 500,045 Ul Time- [ Full Time- - (Full Time-) -Full Time- 2006-2015
: . . series series series series series
series series series
NY Hudson RH Va Aol o8 P8 Increasing™
N, Delaware D (2012) I WhB A B PP =R gE No Trend"®
DE,PA , ) )
MD, DE Nanticoke D (2012) IR A8 A8 A8 h8 s e 1B ns A Stable*,No Trend®
VAD“gD’ Potomac D (2012) LR SAB L AgB Stable”,Unknown®
James D (2013) oA Unknown®
VA Rappahannock D (2013) N ShB A8 No Trend” Increasing®
York D (2013) oA Unknown®®
Alligator PG Unknown®®
NC Chowan (_)A,B lA,B (_)B lA,B <—>AB <—>A, lB (_)B (_)A,B HAB \}\A’ lB lA,B lA,B n.s.A'B NoTrendA,StabIeB
Scuppernog A8 Unknown®®
SC Santee-Cooper B N 18 18 ns? No Trend®
FL St. Johns River 1F nsBM Unknown®
t: Adultor all age fish only; trawl surveys take place in bay or inshore state ocean waters
n.s.  Trend was not statistically significant
Supersc Data available for
A Alewife only
B Blueback herring only
AB Alewife and blueback herring by species
RH  Alewife and blueback herring combined (river herring)
F Female. If sex is not noted, frends were either the same between sexes or the frend was evaluated for sexes combined.
M Male. Ifsex is not noted, rends were either the same between sexes or the trend was evaluated for sexes combined.
— No trend (flat or high inter-annual variability)
XXX Consensus not reached

D
X

No data. If data sets ended before the benchmark terminal year of 2010, the cell for recent trends is left blank.
*Updated recent frends reflects the most recent ten years (2006-2015). No frend indicates high inter-annual variability and stable indicates flat.
**Table reflects rivers that had data in addition to landings. Refer to the state chapter and/or coastwide summary for a complete list of rivers assessed and frends.
Data collection discontinued since the terminal year of the benchmark assessment. Year data collection discontinued is in parenthesis.
Data collection continuous, but recommended against use in the assessment update (see state chapter for details).

ANE shelf rends are from the spring, coastwide survey data which encounters river herring more frequently than the fall survey




Table 2. 2013-2015 average Z estimates by river with associated Z,o%spr and Zaoxspr benchmarks.

zZ 3 year average of Z is above both the Z-20% and Z-40% benchmarks
2 9.9.9.9.99@ No cstimates of Z due to lack of returning fish

Z 3 year average of Z is between the Z-20% and Z-40% benchmarks
Z 3 year average of Z is below both the Z-20% and Z-40% benchmarks
No current estimates of Z are available
Benchmark Update
State River Species Z40%M=0.7)  Z20%(M=0.7) Zyr-Ave Zayr-Ave
Androscoggin Alewife 0.93 1.12 1.40*(1.35)
Kennebeck River herring
ME Sebasticook Alewife 0.93 1.12 1.30%(1.67)
Damariscotta Alewife
Union Alewife
Cocheco Alewife 0.92 1.11 1.03 0.37
Cocheco Blueback 0.95 .15 XXXXXXX
Exeter Alewife
NH Lamprey Alewife 0.92 1.11
Oyster Blueback 0.95 1.15 1.60
Taylor Blueback
Winnicut Alewife 0.92 L11 1.12 XXXXXXX
Winnicut Blueback 0.95 115 1.80*(1.53) XXXXXXX
Mattapoisett Alewife
Monument Alewife 0.92 1.11 1.19
Monument Blueback
Mystic Alewife 0.92 111 1.14
MA
Nemasket Alewife 0.92 1.11
Parker Alewife
Stony Brook Alewife
Town Alewife 0.92 1.11
Buckeye Alewife
RI Gilbert Alewife 0.94 1.14
Nonquit Alewife 0.94 1.14
Bride Brook Alewife
Connecticut Blueback
Farmington Alewife
Farmington Blueback
Mianus Alewife
CT Mianus Blueback
Mill Brook Alewife
Naugatuck Alewife
Naugatuck Blueback
Shetucket Alewife
Shetucket Blueback
NY Hudson Alewife
Hudson Blueback
NJ. DE, PA Delaware Alewife
Delaware Blueback
Nanticoke Alewife 0.93 1.13 1.08
MD Nanticoke Blueback 0.92 1.11 1.05
VA-MDDC Potomac Alewife
Potomac Blueback
James Alewife
James Blueback
VA Rappahannock Alewife
Rappahannock Blueback
York Alewife
York Blueback
Alligator Alewife
Alligator Blueback
Chowan Alewife 0.93 1.12
Ne Chowan Blueback 0.92 1.11 1.07
Scuppernog Alewife
Scuppernog Blueback
SC Santee-Cooper Blueback

*Estimate changed due to new data discovered following the benchmark stock assessment. The original
estimate from the benchmark stock assessment is in parentheses.
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1.0 INTRODUCTION

This document provides an update to the 2012 benchmark assessment of river herring (alewife, Alosa
pseudoharengus, and blueback herring, Alosa aestivalis) stocks of the U.S. Atlantic Coast from Maine
through Florida (ASMFC 2012). It was prepared by the River Herring Stock Assessment Subcommittee
(SAS) of the Atlantic States Marine Fisheries Commission (ASMFC) Shad and River Herring Technical
Committee (TC). The analyses and descriptions stem from data and summary reports provided by U.S.
federal and state freshwater and marine resource management agencies, power generating companies,
and universities to the ASMFC. The assessment update was a recommendation of the SAS following the
benchmark stock assessment. For additional details on the results of the benchmark stock assessment, as
well as other aspects of river herring such as biology, habitat, and historical fisheries, refer to the
benchmark stock assessment report.

11 STATE REGULATIONS

Updated by: Ashton Harp, Atlantic States Marine Fisheries Commission; Benchmark Assessment Section
by: Dr. Gary Nelson, Massachusetts Division of Marine Fisheries and Kate Taylor, Atlantic States Marine
Fisheries Commission

States can harvest river herring if the specific regulations have been approved through a sustainable
fisheries management plan (SFMP), as required under ASMFC Amendment 2 to the Shad and River
Herring FMP. The SFMP must demonstrate a stock can support a commercial or recreational harvest
that will not diminish potential future stock reproduction and recruitment. Data to substantiate these
claims can include repeat spawning ratio, SSB, juvenile abundance levels, fish passage counts, bycatch
rates, etc. Descriptions of state-specific regulations follow and are also summarized in Appendix 2.

Maine

In 2010, the Board approved the first SFMP to harvest river herring in Maine waters. In 2017, the Board
approved an updated SFMP which included a request to open the Card Mill Stream in the town of
Franklin for commercial harvest.

Maine has thirty-eight municipalities with the exclusive right to commercially harvest river herring.
Currently, twenty-two municipalities actively harvest river herring. Directed commercial harvest of
alewife or blueback herring does not occur in the main stem 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.

Recreational fishermen are allowed to harvest four-days per week throughout the year. The limit is 25
fish per day and gear is restricted to dip net and hook-and-line. Recreational fishermen may not fish in
waters, or in waters upstream, of a municipality that owns fishing rights. Recreational fishing for river
herring in Maine is limited and landings are low.

The primary sustainability threshold is an escapement number equal to 35-fish per surface acre of
spawning habitat. Escape numbers are measured through passage counts above commercial fisheries
and managed by closed fishing days, season length, gear restrictions or continuous escapement. If the
escapement threshold is not met than the commercial fishery will close for conservation.

New Hampshire



In 2011, the Board approved the first SFMP to harvest river herring in New Hampshire waters. In 2012,
the Oyster River was closed to the taking of river herring by any methods from the head-of-tide dam at
Mill Pond to the mouth of the river at Little Bay. In 2015, the Board approved an updated SFMP.

River herring in New Hampshire are currently managed as a statewide management unit with two
sustainability targets (one fishery-dependent and one fishery-independent) were established in the
SFMP 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 four of
the seven rivers in the Great Bay Estuary, each of which are monitored by the Department annually.
Historical monitoring of river herring runs within New Hampshire have shown that the numbers of
returning river herring to these four rivers have accounted for greater than 80% of the returning fish
enumerated annually at fish passage structures on New Hampshire coastal rivers

The fishery-dependent target will be 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.
The fishery-independent sustainability threshold is an escapement number equal to 350-fish per surface
acre of spawning habitat (72,450 fish). This target level is slightly above 50% of the mean annual river
herring return to the Great Bay Estuary since 1990.

Massachusetts

In 2005, the Massachusetts Marine Fisheries Advisory Commission approved a three year moratorium
regulation on the harvest, possession and sale of river herring in the Commonwealth in response to
declines of many river herring spawning runs. The moratorium was extended through 2015.

In 2016, Massachusetts prepared a SFMP for the Nemasket River in response to a 2013 request to open
the fishery from the Middleborough-Lakeville Herring Fishery Commission. The Board approved the
SFMP in October 2016. The primary sustainability measure to monitor run status is the ongoing run
count. Harvest will be capped at 10% of the time series mean (TSM), to be calculated each year. The
plan also details a threshold that will trigger management action (exceeding cap or below the 25th
percentile) and the resulting management action (harvest reduced from 10% to 5% of the TSM or three-
year closure).

Connecticut

Since 2002, there has been a prohibition on the commercial or recreational taking of migratory alewives
and blueback herring from all marine waters and most inland waters. This action was initially taken in
2002, and was still in place at publication (2017).

River herring were harvested primarily by haul seine, dip net, gill net and otter trawl. The gill net and
haul seine fisheries were primarily directed toward collecting fish for bait. The fishermen involved were
commercial as well as personal use lobstermen and recreational anglers. The drift gill net fishery
operated in Long Island Sound and the Connecticut and the lower Thames River. Trawling is prohibited
in Connecticut estuaries and is not allowed inland of a statutory line that is generally not more than %
mile from shore.

New York



In 2011, the Board approved New York’s first SFMP to harvest river herring in the Hudson River and
some of its tributaries. In 2013, the state implemented more restrictive management measures which
include a closure of tributaries to nets, net size restrictions for scap nets (also known as lift and/or dip
nets), mandatory monthly commercial reporting, and a recreational creel limit. In 2016, New York
submitted an updated SFMP that includes recent data and the 2013 regulations. The sustainability
benchmark was unchanged. The primary sustainability benchmark is based on young-of year-indices
(YOY). Management action is triggered if the YOY indices indicate three consecutive years below the
25th percentile of the time series (1983-2015). Additional sustainability measures are collected annually
to evaluate stock status and include: mean length at age, total mortality, frequency of repeat spawning
and catch per unit effort (CPUE) of commercial harvest.

New Jersey/Delaware

As of January 1, 2012 commercial and recreational harvest of river herring was prohibited in New Jersey
and Delaware, as required by ASMFC Amendment 2 to the Shad and River Herring FMP.

Maryland

As of January 1, 2012 commercial and recreational harvest of river herring was prohibited in Maryland,
as required by ASMFC Amendment 2 to the Shad and River Herring FMP.

Potomac River Fisheries Commission / District of Columbia

The PRFC regulates only the mainstem of the river, while the tributaries on either side are under
Maryland and Virginia jurisdiction. The District Department of the Environment (DDOE) has authority for
the Potomac River to the Virginia shore and other waters within D.C. As of January 1, 2010 harvest of
river herring was prohibited in the Potomac River, with a minimal bycatch provision of 50 pounds per
licensee per day for pound nets.

Virginia

Virginia’s Department of Game and Inland Fisheries (VDGIF) is responsible for the management of
fishery resources in the state’s inland waters. In 2008, possession of alewives and blueback herring was
prohibited on rivers draining into North Carolina. As of January 1, 2012 commercial and recreational
harvest of river herring was prohibited in all waters of Virginia, as required by ASMFC Amendment 2 to
the Shad and River Herring FMP.

North Carolina

A no harvest provision for river herring, commercial and recreational, within North Carolina was
approved in 2007, with one exception. A limited research set aside of 7,500 pounds was established to
collect data necessary for stock analysis, and to provide availability of local product for local festivals.

In 2015, the limited research set aside was eliminated. The commercial and recreational harvest of river
herring is now prohibited in all waters of North Carolina.



South Carolina

The South Carolina Department of Natural Resources (SCDNR) manages commercial herring fisheries
using a combination of seasons, gear restrictions, and catch limits. In 2010, the Board approved a SFMP
for the commercial and recreational harvest of blueback herring with the following restrictions. The
commercial fishery for blueback herring has a 10 bushel daily limit (500 pounds) per boat in the Cooper
and Santee Rivers and the Santee-Cooper Rediversion Canal and a 250 pounds per boat limit in the
Santee-Cooper lakes. Seasons generally span the spawning season. All licensed fishermen have been
required to report their daily catch and effort to the SCDNR since 1998. The recreational fishery hasa 1
bushel (22.7 kg) fish aggregate daily creel for blueback herring in all rivers; however very few
recreational anglers target blueback herring. In 2017, South Carolina submitted an updated SFMP with
recent data and a request to maintain existing management measures. The Board will consider approval
of the SFMP in August 2017.

Georgia

The take of blueback herring is illegal in freshwater. Historically, blueback herring could be taken for bait
by using dip nets and cast nets. Harvest of blueback herring for any other purpose other than as bait was
prohibited. As of January 1, 2012, harvest of river herring was prohibited in Georgia, as required by
ASMFC Amendment 2 to the Shad and River Herring FMP.

Florida

The St. Johns River, Florida harbors the southernmost spawning run of blueback herring. Historically,
regulations concerning river herring and shad prohibited the harvest or attempted harvest of any shad
or river herring, by or with the use of any gear other than hook and line gear. As of January 1, 2012,
harvest of river herring was prohibited, as required by ASMFC Amendment 2 to the Shad and River
Herring FMP.

1.2 ASSESSMENT OVERVIEW

As an anadromous species, ideally river herring should be assessed and managed by individual river
systems. However, the majority of the life history of river herring is spent in the marine environment
where factors influencing survival likely have impacts upon multiple river stocks when they mix during
marine migrations. The complex life history of anadromous species complicates assessments on a
coastwide scale as it is difficult to partition in-river factors from marine factors governing population
dynamics. Also complicating the assessment of river herring is the variability in data quality among rivers
along the coast.

The SAS updated assessment approaches used in the benchmark stock assessment to assess Atlantic
coastal river herring stocks on an individual river basis, where the data were available, and also on a
limited coastwide basis. The following sections include (1) summary of available data and usefulness; (2)
a trend analysis overview that provides summaries of the most meaningful data from state and major
river systems; (3) a coastwide mixed stock population perspective exploring trend analyses and relative
exploitation of mixed stock assemblage in ocean waters. During the benchmark assessment, the SAS also
used depletion based stock reduction analysis to assess the coastwide mixed stock population. However,
the peer review panel recommended against using this approach for assessment of river herring.
Therefore, this assessment approach was not updated.

Coastwide approaches were used in the benchmark in addition to river specific approaches for several
reasons. First- river herring stocks have been exploited in oceanic and estuarine mixed-stock fisheries as



well as river-specific fisheries. Few of the mixed-stock fisheries are adequately monitored. There is no
information about how to allocate the mixed-stock harvest among stocks. In-river data vary widely.
Harvest is monitored for most in-river commercial fisheries but recreational harvest is monitored less
often or non-existent. Little information is available on bycatch (discard and/or incidental catch) and so
an updated analysis is provided.

The data gaps for river herring can be attributed mostly to the low priority the species receives in some
agency monitoring efforts. This understandable prioritization results in there being few long-term fishery-
independent indices, except on rivers with fish passage. Fishery-dependent indices provide some long
time series but most data contain gaps and several have been discontinued since the benchmark stock
assessment due to moratoria. Other concerns are on changes in effectiveness (catchability) of gear over
time. Some efforts since the benchmark stock assessment have focused on identifying useful data
collection for assessment purposes and the standardization of data collection along the coast (ASMFC
2016).

1.2.1 Summary of Available State / Jurisdiction Data

River specific data available for the benchmark assessment and updated for this assessment are
summarized in Appendix 1. The quality and quantity of available data varied greatly among river systems.
The data used represents a mix of fisheries dependent and independent data sources. Time series ranged
in lengths up to as many as 72 years, but most time series were of shorter duration and often were not
continuous. Some rivers had a full suite of data (e.g. harvest, age, length, weight, repeat spawner, and
fisheries independent surveys) while others were limited in the types of data available or had data that
was not reliable for assessment purposes. In addition to river specific data, several coastal trawl surveys
were updated for this assessment. Again, the length of time series of these data varied from 8 to 41 years
of data.

Throughout the update of the assessment, discrepancies between data provided during the benchmark
assessment and data provided during the update for overlapping years (2010 and earlier) were observed.
The SAS worked with TC members to identify the cause of these discrepancies and identify the correct
data to use in the update, but often the discrepancies could not be explained and the updated data were
used in the analyses. It is likely that QA/QC procedures and turnover of TC members since the benchmark
assessment contributed to these discrepancies. All discrepancies are noted throughout the individual
analysis sections.

The SAS noted during the benchmark assessment that some recent monitoring was not useful due to
shortness of time series, but that “some of the current fishery-independent surveys should be of sufficient
length to be useful in assessments five to 10 years from now if monitoring continues”. Therefore, the SAS
identified all data sets explicitly noted in the benchmark as not being used due to shortness of time series
and agree to include these data sets in the benchmark if they had reached ten years in length and could
be analyzed with the same approaches used in the benchmark. The only new data set included in the
updated trend analyses was the mean length data from the St. Johns River in Florida.

1.2.2 Assessment Approaches

Given the data gaps and issues described above, analyses requiring catch-at-age data were not used to
assess most stocks in the benchmark stock assessment. The benchmark assessment was largely confined
to analyses of trends, comparisons of trends among rivers or survey gears, and methods designed for data
poor stocks, with the exception of the Monument River in Massachusetts, the Chowan River in North
Carolina, and the Nanticoke River in Maryland, which had sufficient data to support statistical catch-at-
age models. All analyses were updated with recent data (through 2015) except the depletion based stock
reduction analysis and the statistical catch-at-age models for the Nanticoke River due to data limitations
since the benchmark assessment (i.e., no harvest).



1.2.3 Trends in available state data

Data examined includes some fishery dependent (catch per unit effort) data, but primarily focuses on
fishery-independent survey data (e.g. estimated run sizes, relative abundance indices, mean length or
mean length at age, estimates of total instantaneous mortality, and in-river exploitation rates). Trends
were updated with recent data to provide some perspective of current trends and to examine if patterns
in trends were consistent across systems and regions. Analyses of trends included simple non-parametric
Mann-Kendall tests for monotonic trends and correlation analyses to compare trends among rivers.

1.2.4 Trends in coastal composite data

Some data were only available as composite coastal populations stocks. There are currently no methods
to allow for discrimination of individual stocks from coastal fisheries surveys. This includes several state
trawl surveys conducted in near shore ocean waters (ME-NH survey, the Long Island trawl survey
conducted by CT, the NJ coastal survey) and coastwide bottom trawl survey conducted by the Northeast
Fishery Science Center (NEFSC). Autoregressive integrated moving average (ARIMA) models were used to
evaluate trends in trawl surveys.

1.2.5 Total mortality estimates and benchmarks

Although there are issues identified with ageing techniques, total mortality benchmarks developed in the
benchmark stock assessment and total mortality estimates were used to provide a perspective of the
sustainability of and trends evident in current available mortality estimates. Mortality was also estimated
from repeat spawner marks on scales, but the Peer Review Panel that reviewed the benchmark
assessment preferred age-based mortality estimate (ASMFC 2012). Therefore, repeat spawner-based
mortality estimates were updated, but age-based estimates were the focus of conclusions on mortality.

1.2.6 Relative exploitation

An index of relative exploitation was calculated from minimum swept area estimates of total biomass
from the NEFSC bottom trawl survey and estimates of total catch (reported U.S. landings plus incidental
catch). Although this approach did not yield absolute estimates of exploitation rates that could be
compared to benchmarks, it did provide a means to observe relative trends in exploitation through time.

13 DATA UNCERTAINTIES
1.3.1 Age and mortality uncertainty

River herring have been aged historically using scales, using protocols first developed by Cating (1953) for
American shad and Marcy (1969) for river herring. Although used extensively, these protocols have not
been validated with known-age fish, and there had not been many efforts to standardize river herring
ageing across states prior to the benchmark assessment. In recent years, several studies focused on
American shad have concluded that Cating’s (1953) method for ageing shad scales should no longer be
used (Duffy et al. 2012, Elzey et al. 2015). Additionally, some labs have switched to ageing river herring
with otoliths since the benchmark assessment. Otolith protocols have not been validated with known-age
fish either. As with any ageing method, there is the potential for bias both between labs and within labs
over time as personnel change and methods are not consistently standardized. An age sample exchange
and subsequent workshop were conducted stemming from recommendations in the benchmark
assessment. A report details the varying degree of ageing error identified during this process between age
structures and among labs providing age data for assessments (ASMFC 2014). Recommendations were
made in efforts to standardize ageing practices across labs, but efforts should continue to assess ageing
error and best practices.

Total mortality rates reflect the combined impact of intensive fisheries, spawning mortality, predation,
and mortality associated with downstream passage at hydroelectric dams in some systems. Almost no



stocks have sufficient information to separate mortality into these sources. Uncertainty about natural
mortality is perhaps the biggest limiting factor in drawing strong conclusions about the status of river
herring. There are no empirical estimates of natural mortality associated with spawning. Inferences about
its magnitude are based almost entirely on total mortality rates and spawning marks on scales. Although
interpretation of spawning marks on scales needs a validation study, spawning marks may help in
establishing the magnitude of spawning mortality. Unfortunately, a lack of spawning marks may simply
be a reflection of intensive fishing; for example, if a high percentage of migrants are harvested fewer will
return to spawn. Considerable uncertainty also exists about the magnitude of predation. A brief
description appears in the benchmark assessment. This predation could occur in rivers, estuaries, and in
the ocean, and may be an important source of mortality for juvenile or adults. Recent concern has focused
on predation by striped bass, whose population has increased coastwide. There is much diet information
available for striped bass, but the magnitude of predation mortality is difficult to assess because of
uncertainty about the proportion of the striped bass population within different bodies of water.

1.3.2 Total harvest uncertainty

Reporting requirements for anadromous fish have been strengthened across all states, and the reported
landings from the directed in river commercial fisheries are considered fairly reliable in recent years.
However, there are other directed and incidental fisheries that harvest river herring that are not well
monitored.

River herring are caught by recreational anglers in-river, either as a target species or as bait for other
gamefish. We explored, but did not use data from the National Marine Fisheries Service (NMFS) Marine
Recreational Fisheries Statistics Survey (MRFSS) for several reasons. Recreational fishermen rarely catch
river herring in marine waters, and MRFSS does not adequately sample the freshwater recreational
fishery. As a result, MRFSS estimates of recreational catch, where they exist, have extremely high
proportional standard errors (PSEs).

There is also considerable concern about potential species misidentification. Anecdotal evidence from
state biologists indicates that hickory shad, which are growing in abundance, have been misidentified as
river herring or young American shad, especially by anglers. Data are presented in the Fishery Dependent
section, but not used due to the identified issues.

River herring are also caught incidentally at sea in fisheries targeting other species such as Atlantic herring,
squid, and mackerel. The magnitude of this ocean catch is highly uncertain because of the short time
series of bycatch data due to underreporting and a lack of observer coverage. In addition, there are no
data on the stock composition of the incidentally caught fish and thus no way to partition estimates of
bycatch among river systems. With no estimates of coastwide stock size, it is also difficult to assess the
significance of these removals on the total population.

2.0 COASTWIDE TRENDS
2.1 FISHERY DESCRIPTIONS
2.1.1 Coastwide Commercial Landings

Updated by: Jeff Kipp, Atlantic States Marine Fisheries Commission; Benchmark Assessment Section by:
Christine Jensen, North Carolina Division of Marine Fisheries and Katie Drew, Atlantic States Marine
Fisheries Commission

Coastwide domestic commercial landings of river herring were presented from 1887 to 2015, where
available, in Table 2.1 and Figure 2.1. Landings of alewife and blueback herring were collectively classified
as “river herring” by most states. Only a few states had species-specific information recorded for a limited
range of years. Commercial landings records were available for each state since 1887 except for Florida,
which began in 1929, and the Potomac River Fisheries Commission (PRFC), which began in 1960. It is



important to note that historic landings presented here do not include all landings for all states over the
entire time period and are likely underestimated, particularly for the first third of the time series, since
not all river landings were reported.

Total domestic coastwide landings averaged 18.5 million pounds from 1887 to 1928; however, landings
information was sparse and only available intermittently during that time and ranged from a low of 22,000
pounds to a high of 85.5 million pounds. Coastwide landings increased sharply from lows in the early 1940s
during World War Il to more than 50 million pounds by 1951 and peaked at 74.9 million pounds in 1958.
Severe declines in landings began coastwide in the early 1970s and domestic landings are now a fraction
of what they were at their peak having remained at persistently low levels since the mid 1990s (Figure
2.1). Since the benchmark stock assessment, landings averaged just over 1.4 million pounds, which was
almost identical to the average landings over the last five years of the benchmark stock assessment.
Moratoria were enacted in Massachusetts (commercial and recreational in 2005), Rhode Island
(commercial and recreational in 2006), Connecticut (commercial and recreational in 2002), Virginia (for
waters flowing into North Carolina in 2007), and North Carolina (commercial and recreational in 2007,
with the exception of a four day open season in the Chowan River during the week of Easter). As of January
1, 2012 river herring fisheries in states or jurisdictions without an approved sustainable fisheries
management plan, as required under ASMFC Amendment 2 to the Shad and River Herring FMP, were
closed. As a result, prohibitions on harvest (commercial or recreational) were extended to the following
states: New Jersey, Delaware, Pennsylvania, Maryland, D.C., Virginia (for all waters), Georgia and Florida.

Foreign fleet landings of river herring (reported as alewife and blueback shad) are available through the
Northwest Atlantic Fisheries Organization (NAFO) and are summarized in Table 2.2. Offshore
exploitation of river herring and shad (generally <190 mm in length) by foreign fleets (NAFO areas 5 and
6; Figure 2.2) began in the late 1960s and landings peaked at about 80 million pounds in 1969. There
have been no reported landings by foreign fleets since 1990.

2.1.2 Coastwide Commercial CPUE

Updated by: Dr. Mike Bailey, U.S. Fish and Wildlife Service; Benchmark Assessment Section by: Gary A.
Nelson, Massachusetts Division of Marine Fisheries

All indices were normalized and graphed for comparative purposes. Linear and loess smoothers
(Maindonald and Braun, 2003) were applied to all time series for a given state and species to elucidate
trends in the annual estimates. Although offered as indices of relative abundance, the catch-per-unit-
effort indices discussed below need to be validated in the future.

New York

Relative abundance of river herring is tracked through catch per unit effort (CPUE) statistics of fish
taken from the targeted river herring commercial fishery in the lower Hudson River Estuary. All
commercial fishers annually fill out mandatory reports. Data reported include catch, discards, gear,
effort, and fishing location for each trip. Data within week is summarized as total catch divided by total
effort, separately by gear type (fixed gill nets, drift gill nets, and scap nets). CPUE is calculated as the
number of river herring caught per unit effort (square yards of net x hours fished). CPUE of the fixed
gear fishery is used as an estimate of relative abundance as the fishery is located downriver of the
spawning reach and it captures river herring moving through the reach to upriver spawning locations.
Only data since 2000 was used as this is when mandatory reporting was enforced. CPUE for this gear
declined slightly from 2000 to about 2006 then has slowly increased since (Figure 2.3). Since 2010, the
CPUE for the Hudson is increasing.

New Jersey

New Jersey landing estimates for river herring were obtained from the NMFS for 1950 to 1999. These
estimates are for the entire state and not solely from the Delaware Bay. River herring estimates for



2000 to 2010 were obtained from mandatory logbooks of the small mesh gill net fishery in Delaware
Bay. The average reported landings for the time period is estimated at 8,263 pounds. There are no
estimates of underreporting, however it is assumed that the current data for river herring are grossly
underreported since the majority of landings are categorized as bait. New Jersey has voluntary effort
data from reliable commercial fishermen in Delaware Bay. The fishery is directed towards white perch
with river herring being a harvestable bycatch. The gear is not standardized and therefore the data
should only be used for potential trends and not absolute numbers. CPUE has declined since 1997
(Figure 2.3). No additional data was entered for the update due to ongoing moratorium.

Maryland

River herring commercial landings and effort data from pound nets are available from the Nanticoke
River. In general, CPUE has declined over time (Figure 2.3). No additional data was entered for the
update due to ongoing moratorium.

Potomac River Fisheries Commission

River herring harvest in the Potomac River is almost exclusively taken by pound nets. In 1964, licenses
were required to commercially harvest fish. After Maryland and Virginia established limited entry
fisheries in the 1990’s, the PRFC responded to industry’s request and, in 1995, capped the Potomac
River pound net fishery at 100 licenses. Catch-per-unit effort indices (kilograms of herring per pound
net days- fished) are available from 1976-1980 and 1988-2010. CPUE indices from 1998-2008 for
alewives are much lower than CPUE indices from 1976-1980 and values have declined since 1988
(Figure 2.3). No additional data was entered for the update due to ongoing moratorium.

Virginia

Annual commercial fishery harvest rates for alewives are available from 1994 to 2010 for selected
Virginia waters. The harvest rates are computed as a ratio by dividing commercial harvest (kilograms)
by the number of fishing trips for each area and gear. Only fishing trips with positive harvest of alewife
were included in the calculations because only positive harvest is reported. Gill net harvest rates for
alewife have been variable among Virginia water bodies from 1994 to 2007 (Figure 2.4). Harvest rates
in the James River have been variable, but the data suggest a general decline through 2009 and an
increase in 2010.

In the Rappahannock River, there was no obvious trend in harvest rates over time, though a small peak
is evident in 2000. A three-year period of relatively higher rates occurred from 2002 to 2004 and an
increase in 2010. Gill net harvest rates in the York River were highest after 2002 and showed an
increasing trend through 2010. No additional data was entered for the update due to ongoing
moratorium.

North Carolina

Harvest and effort data from the pound net fishery are available for alewife and blueback herring form
the Chowan River from 1977 — 2015. CPUE (harvest divided by pound net weeks fished) for alewife
declined from 1977 through the late 1990s, while CPUE for blueback herring declined from 1977
through the late 1980s (Figure 2.4). A slight increase in CPUE for alewife was observed through 2006.
Blueback CPUE increased through the late 1990s but declined thereafter. The CPUE for blueback
herring has continued to decline post 2010 assessment, while alewife numbers have been variable.

South Carolina



Annual estimates of CPUE (kg catch/man day) are available since 1969 from surveys of the Santee River
and Cooper River blueback herring fisheries. Estimates of CPUE fluctuated widely over the time series.
Estimates of CPUE were highest early in the time series in the Cooper River and declined dramatically
soon after to a low that lasted through the late 1970s (Figure 2.4). Estimates increased again through
the early 1980s and then declined as the Rediversion Canal was completed and flows shifted to the
Rediversion Canal and the Santee River. CPUE increased in the Rediversion Canal and the Santee River
but then began to decline in the late 1990s through 2006 and have since increased. Since 2010 the
CPUE has been highly variable with no discernible trend.

Comparison of Trends in CPUE

Cluster analysis were not updated as there are now few systems that retain appropriate datasets for
analysis.

2.1.3 Recreational Landings and Releases

Historically, there have been few reports of river herring being taken by recreational anglers for food.
Most often, river herring were taken for bait. The Marine Recreational Statistics Survey (MRFSS) provides
estimate of numbers of fish harvested and released by recreational fisheries along the Atlantic coast.
MRFSS concentrates their sampling strata in coastal water areas and do not capture any data on
recreational fisheries that occur in inland waters. Few states conduct creel surveys or other consistent
survey instruments (diary or log books) in their inland waters to collect data on recreational catch of river
herring. Some data are reported in the state chapters; but data are too sparse to conduct any systematic
comparison of trends. These data were deemed not useful for management purposes during the
benchmark assessment and were not updated.

2.1.4 Ocean Bycatch of River Herring

The Magnuson-Stevens Act defines bycatch as “fish which are harvested in a fishery but are not sold or
kept for personal use [...]” —i.e., discards. However, the term “bycatch” is often used to refer to both
discarded fish and fish which are not targeted by a fishery but caught incidentally and landed. In this
assessment, we do not use the stricter Magnuson-Stevens definition and instead use the terms “bycatch”
and “incidental catch” interchangeably to refer to the total catch of river herring, regardless of final
disposition, that is taken in fishery operations that target other species. We use the term “discards” to
refer to the portion of the incidental catch that is discarded at sea.

2141 River herring incidental catch estimates

Update and Benchmark Assessment Section by: Dr. Kiersten Curti, National Marine Fisheries Service

Methods

The total incidental catch of river herring was updated through 2015 following the methods described in
the benchmark assessment, which were developed during Amendment 14 to the Atlantic Mackerel,
Squid and Butterfish (MSB) Fishery Management Plan.

The total (retained + discarded) incidental catch of river herring (alewife and blueback herring) was
quantified by fleet. Fleets included in the analyses were those sampled by the Northeast Fisheries
Observer Program (NEFOP) and were stratified by region fished (Mid-Atlantic versus New England), time
(year and quarter), gear group, and mesh size. Region fished was defined using statistical areas for
reporting commercial fishery data; the Mid-Atlantic region included statistical areas greater than 600,
and New England included statistical areas 464 through 599. Gear groups included in the analyses were:
bottom trawls, paired midwater trawls, single midwater trawls, gillnets, dredges, handlines, haul seines,



longlines, pots/traps, purse seines, scallop trawl/dredge, seines and shrimp trawls. Bottom trawls and
gillnets were further stratified into three mesh-size categories:

Mesh category Bottom Trawl Gillnet

small mesh < 3.5 mesh < 5.5
medium 3.5<mesh<5.5 ---

large mesh 25.5 5.5<mesh<8
x-large - mesh > 8

In the benchmark assessment, trips with missing mesh information were dropped from the analysis.
However, in analyses conducted since the benchmark, mesh was assumed based on gear or species
caught. In this update assessment, mesh category for bottom trawl fleets was determined for trips with
missing mesh information based on the primary species caught. For gillnets, trips with missing mesh
information were assumed to come from the large mesh category.

The combined ratio method (Wigley et al. 2007) is the standard discard estimation method
implemented in NEFSC stock assessments. We used this method to quantify and estimate the precision
(CV) of river herring total incidental catch for 1989 — 2015 across all fleets. Incidental catch estimates
for the midwater trawl (MWT) fleets are only provided for 2005-2015 because marked improvements to
NEFOP sampling methodologies occurred in the high-volume MWT fisheries beginning in 2005, limiting
the interpretability of estimates from these fleets in prior years.

For each trip, NEFOP data were used to calculate a total catch to kept (t/k) ratio, where t represents the
total (retained + discarded) catch of an individual species (e.g., alewife) and k is the kept weight of all
species. Annual estimates of total incidental catch were derived by quarter. Imputations were used for
guarters with one or zero observed trips.

The t/k ratios were expanded using a raising factor to quantify total incidental catch. With the exception
of the midwater trawl fleets, total landed weight of all species (from the dealer database) was used as
the raising factor. Total landings from the dealer database are considered to be more accurate than
those of the VTR database because VTR landings represent a captain’s hail estimate. However, for the
MWT fleets, we were unable to use the dealer data to estimate the kept weight of all species when
stratifying by fishing area. When the area allocation (AA) tables were developed, MWT was not included
in effort calculations because of difficulties determining effort for paired MWTs. Only those gears with
effort information could be assigned to a statistical area. Consequently, VTR data were used as the
expansion factor for the MWT fleets.

Results
Total incidental catch estimates by species are presented in Table 2.4.

From 2005-2015, the total annual incidental catch of alewife ranged from 36.5-531.7 metric tons (mt) in
New England and 10.9-295.0 mt in the Mid-Atlantic. The dominant gear varied across years between
paired midwater trawls and bottom trawls (Figure 2.5). Corresponding estimates of precision exhibited
substantial interannual variation and ranged from 0-10.6 across gears and regions.

Total annual blueback herring incidental catch from 2005-2015 ranged from 8.2-186.6 mt in New
England and 1.4-388.3 mt in the Mid-Atlantic. Across years paired and single midwater trawls exhibited



the greatest blueback herring catches (Figure 2.6). Corresponding precision estimates ranged from 0-
3.6.

The temporal distribution of incidental catches was summarized by quarter and fishing region for the
most recent ten-year period (2005-2015) (Table 2.3). River herring catches occurred primarily in
midwater trawls (62%, of which 48% were from paired midwater trawls and the rest from single
midwater trawls), followed by small mesh bottom trawls (37%). Catches of river herring in gillnets were
negligible. Across gear types, catches of river herring were greater in New England (59%) than in the
Mid-Atlantic (41%). The percentages of midwater trawl catches of river herring were similar between
New England (31.3%) and the Mid-Atlantic (30.5%). However, catches in New England small mesh
bottom trawls were almost three times higher (27%) than those from the Mid-Atlantic (10%). Overall,
the highest quarterly catches of river herring occurred in midwater trawls during Q1 in the Mid-Atlantic
(28%), followed by catches in New England during Q4 (12%). Quarterly catches in small mesh bottom
trawls were highest in New England during Q1 (9%) and totaled 5-7% during each of the other three
quarters.

2.2 TRENDS IN FISHERIES-INDEPENDENT SURVEYS

Fisheries-independent data on alewives and blueback herring come from mostly historical reports and/or
current work conducted by state, federal, and academic agencies as well as local citizen groups interested
in protecting river herring resources. The data used in the summaries below were selected by state
biologists during the benchmark assessment as reflecting trends in each state’s alewife and blueback
herring populations. Some data were not used because lack of statistical design, non-reflectance of
natural abundance trends, and shortness of time series (see state reports for details).

2.2.1 Run Size Estimates

Updated by: Kevin Sullivan, New Hampshire Fish and Game; Benchmark Assessment Section by: Gary A.
Nelson, Massachusetts Division of Marine Fisheries

Run sizes (total or escapement counts), proxies (number of fish lifted), or population sizes estimates of
alewives and blueback herring (or both species combined) were available from six states, primarily from
New England. Run sizes for Maine, New Hampshire, Massachusetts and Rhode Island were estimated
using electronic counters or visual methods. Connecticut used the number of fish lifted at the Holyoke
Dam and run counts made in 11 fishways using a variety of counting methods. North Carolina provided
estimates of population sizes of blueback herring alewife in the Chowan River from stock assessments
conducted in 2017 and 2005, respectively. South Carolina provided population abundance estimates from
mark-recapture experiments for blueback herring in the Santee River. See state reports for full details. All
time series were normalized (Z transformed) prior to analysis to eliminate scale and to make comparison
of trends easier.

Maine

Run size estimates are available for the Androscoggin River (alewife) 1983-2015, Damariscotta River
(alewife) 1977-2015, Kennebec River (combined species) 2006-2015, Sebasticook River (combined
species) 2000-2015, and Union River (alewife) from 1982-2015 (Figure 2.7).

Androscoggin River - Since 1983 the DMR has operated the vertical slot fishway in the Brunswick dam
located at the head-of-tide on the Androscoggin River. The construction of fish lifts at the next two up-
stream dams, Pejepscot and Worumbo, allows passage of anadromous fish to Lewiston Falls. The majority
of alewife habitat is located in the lakes and ponds in the Sabattus and Little Androscoggin rivers. These
ponds are not currently accessible due to FERC licensed hydropower dams without upstream fish passage.




The DMR has transported alewives to ponds in these two drainages annually since 1983. The number
stocked fluctuates widely over the years and relates to the amount and location of habitat stocked in
previous years. The highest number of fish passed above the Brunswick fishway was 170,191 in 2012.

Damariscotta River - The Damariscotta fishery is one of the most studied fisheries in Maine. A 150-meter
stone pool and chute fishway passes river herring into spawning habitat. The elevation of the 1,781-
hectare lake is 16 meters above mean high tide. The efficiency of this fishway varies and its ability to pass
larger female river herring was studied by Libby (1981). He concluded the male to female ratio of the
commercial catch at the base of the fishway, compared to the ratio of alewives entering the lake favored
males and directly relates to the efficiency of the fishway and its length. The ratios of males to females
entering the lake were as high a 4:1 during the run. Unobstructed upstream passage is available to
migrating fish throughout the run. Harvesters trap fish in a side channel that provides supplemental
attraction water at the base of the fishway. The commercial fishery operates four days a week throughout
the run. The number of fish entering the lake are counted during a ten minute period each hour and
expanded to the hours of operation. The highest number of fish observed was 1,305,380 in 1977. The
fishway was rebuilt after the last river herring assessment. Passage appears to have improved significantly
as a result of the fishway modifications.

Kennebec and Sebasticook Rivers - The DMR implemented a restoration plan for alewives in the Kennebec
River watershed above Augusta in 1986 as the result of an agreement with the majority of hydroelectric
dam owners in the watershed. The plan called for the stocking of alewives in the program’s initial years
to rebuild the population, with fish passage provided later by the hydropower companies. This agreement
was modified in 1998 and incorporated into the Kennebec River Settlement Accord, which resulted in the
removal of the Edwards Dam in 1999, continued funding for the anadromous fish restoration program,
and established new dates for fish passage. The alewife restoration program in the Kennebec River focuses
on stocking lakes and ponds in the Sebasticook River watershed and Seven Mile Stream drainage. DMR
has mainly stocked warm water lakes due to concerns of Maine Department of Inland Fisheries and
Wildlife (IF&W) biologists that the restoration of alewives to cold water lakes might result in competition
with smelt, an important forage species for landlocked salmon and brown trout. Results of a ten-year
cooperative study in Lake George from 1987 through 1996, involving IF&W, DMR, and the Department of
Environmental Protection (DEP),showed that the stocking of six alewives per surface acre of lake habitat
had no negative impact on inland fisheries or water quality (Kircheis et al, 2002). Based on these findings,
DMR and IF&W staff recommended the initiation of the restoration of alewives in additional lakes in the
Sebasticook drainage. The highest numbers of stocked fish was 2,211,658 in 2009 in the Sebasticook River
and 93,775 in 2008 in the Kennebec River.

Union River - The Town of Ellsworth maintains the Union River fishery by stocking adult alewives above
the hydropower dam at head-of-tide. There is no free passage or upstream fish passage facility required
at this hydropower station. The FERC license requires transporting river herring around the dam by
Brookfield White Pine, the dam owners. Two lakes support this commercial fishery. The annual stocking
rate (from 2015 forward) is 315,000 fish from the commercial run, during the harvest. The Union River is
one of three commercially harvested resources with known escapement numbers. The highest number of
stocked fish was 1,238,790 in 1986.

Common trends in run sizes were observed among rivers. Run sizes peaked during the 1980s in the
Androscoggin River, Damariscotta River, and Union River. Run size declined in most rivers during the early
1990s, but it increased gradually and peaked again around 2004. In 2005, run counts dropped dramatically
as a result of near-record high spring precipitation impeding upriver passage. Since 2005, increases and
small declines in run size have been evident in all rivers (Figure 2.7). Fluctuations in run size for the
Androscoggin, Kennebec, Sebasticook and Union rivers are likely influenced by DMR lifting and stocking
activities.

New Hampshire



Run size estimates are available for the Cocheco River, Exeter River, Lamprey River, Oyster River, Taylor
River and Winnicut River from 1972-2015 (Figure 2.8). Counts represent combined species totals or
escapement numbers.

Cocheco River — The Cocheco River flows 48 km southeast through southern New Hampshire to Dover
where it joins the Salmon Falls River to form the Piscataqua River. The lowermost dam (4.6 m 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 the
head-of-tide, at rkm 6.1. A Denil fish ladder was constructed at the dam in 1969 to 1970 for anadromous
fish by NHFGD, funded in part by the USFWS. The next barrier is a set of natural falls located at rkm 10.6.
The City of Dover currently owns the dam and leases the attached hydroelectric facility to Southern New
Hampshire Hydroelectric Development Corporation (SNHHDC). The FERC requires SNHHDC to provide
downstream fish passage and utilize a grating system to prevent small fish from passing through the
turbines. The downstream passage system is a PVC tube emptying in a plunge pool below the dam. This
system successfully passes emigrating diadromous species when operating efficiently. Emigrating juvenile
and adult river herring must either pass over the dam if flows allow, travel through the downstream
migration tube, or move through the turbines at the hydroelectric facility if they can pass through the
grating system. The highest number of river herring (combined species) passed upstream was 79,835 in
1995.

Exeter River - 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. It empties into Great Bay northeast
of Exeter. The head-of-tide occurs at the Town of Exeter and the saltwater portion of the river is called
the Squamscott River. The two lowermost dams on the main stem Exeter River are the Great Dam in
Exeter at river kilometer (rkm) 13.5 and the Pickpocket Dam at rkm 26.9 (each 4.6 km high). The next
barrier above Pickpocket Dam is a set of natural falls at rkm 38.1. NHFGD constructed upstream fish
passage facilities (Denil fishways) on both dams from 1969 to 1971 for anadromous fish, funded in part
by the USFWS. Fish ladder improvements occurred in 1994 and 1999 and a fish trap was constructed at
the upriver end of the Great Dam fish ladder. There are no downstream fish passage facilities on either
dam so emigrating adults and juveniles pass over the spillway when river flows allow. There are
approximately one hundred meters of fresh water that occurs between head-of-tide and the Great Dam
caused by an elevated ledge that prevents saltwater incursion. River herring have been observed below
the Great Dam and have the ability to spawn in this area. Most spawning and rearing habitat occurs above
the dam. Despite regulations introduced in 2005 to reduce harvest in the Exeter/Squamscott River it
continues to account for between 53-88% of the total river herring harvested in New Hampshire between
2011 and 2015. Exeter/Squamscott River harvest in 2015 accounted for approximately 85% of all the river
herring harvested in NH. However, the regulations introduced in 2005 implemented a daily limit of 1 tote
per person and limited the fishery to only Saturdays and Mondays allowing for five days of escapement
for migrating river herring. The highest number of river herring observed was 15,626 in 1981. The Great
Dam and fish ladder were removed in the summer of 2016.

Lamprey River - The Lamprey River flows 97 km through southern New Hampshire to the Town of
Newmarket where it becomes tidal and enters the Great Bay estuary just north of the mouth of the
Squamscott River. The Macallen Dam, located at rkm 3.0 in Newmarket, is the lowermost head-of-tide
dam (8.2 m high) on the Lamprey River. Fish passage on this river is a Denil fish ladder constructed from
1969 to 1970 for anadromous fish by NHFGD, funded in part by the USFWS. The Wiswall Dam is located
4.8 km above the Macallen Dam and passage Denil fish ladder was constructed in 2012. It has a 3.4 m
spillway and is an effective barrier to upstream movement of river herring and other diadromous species.
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 the first dam suggesting that adults and
juveniles emigrate with limited mortality. The highest number of river herring observed was 86,862 in
2012.



Oyster River - The Oyster River drains a watershed of 27.5 km through southeast New Hampshire. It begins
in Barrington and flows southeast to Lee, then flows east-southeast through Durham where it empties
into Little Bay. The first dam exists at the head-of-tide just west of NH Route 108 at approximately rkm 5.
The spillway length is 42.7 m and a height of 3 m. A Denil fish ladder was constructed at this dam around
1975. The next barrier to fish passage is a dam at about rkm 7.6. As with the other rivers, high flows in
2005, 2006, and 2007 might have contributed to lower juvenile production resulting in low returns for this
and future years. Unpublished data acquired by the University of New Hampshire in the fall of 2005
showed hypoxic conditions in the impounded reaches of the Oyster River (Brian Smith, personal
communication). The highest number of fish observed was 157,024 in 1992.

Taylor River - 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, New Hampshire. It flows north, east,
then southeast through Hampton Falls where it meets tide 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 the late 1960s. The next dam
is a barrier to further fish passage and is located at rkm 5.1. Since 2009 the fish ladder was operated only
as a swim through due to staff constraints and low return numbers. Due to the lack of a trap for fish
collection, no biological sampling has been conducted since 2010. The Taylor River has had very low return
numbers for the past ten years. Eutrophication of the Taylor River impoundment compounded by high
flow years in 2005, 2006, and 2007 are believed to be the main reasons for the decline. The highest
number of river herring observed was 450,000 in 1976. Annual monitoring of the Taylor River for
estimates of river herring returning was removed from the state management plan in 2015.

Winnicut River - The Winnicut River drains a watershed of 36.8 square km in southeast New Hampshire.
It originates in the town of North Hampton and flows north through Greenland where it empties into
Great Bay. The only barrier to fish passage was a dam at the head-of-tide at approximately 1.6 rkm. The
dam was built in 1957 by NHFGD to create waterfowl habitat and is located in the Town of Greenland. It
had a height of 4 m and a spillway length of 23.2 m and incorporated a Canadian Step Weir fishway. This
type of fishway is not efficient for the passage of river herring; however with modifications, limited
numbers of river herring do utilize this fishway. The Winnicut River head-of-tide dam and associated fish
ladder were removed during the summer of 2009. A pool-and-weir fishway was constructed
approximately 100 meters upstream from the former dam site in a river constriction under the NH Route
33 bridge because under certain flow conditions this constriction could be a possible velocity barrier to
upstream migrating adult river herring. Improper design and construction of the fishway has prevented
all river herring from passing the site since 2011. The highest number of river herring observed was 8,359
in 2008.

Common trends in run sizes were observed among rivers. Run sizes peaked either during the late 1970s-
early 1980s (Lamprey River, Taylor River, and Exeter River) or the early 1990s (Cocheco River and Oyster
River) (Figure 2.8). Declines in run size from peak abundance were observed through the mid-1990s in the
Lamprey River and Taylor River, or briefly during the mid-1990s in the Cocheco River and Oyster River.
Run sizes increased gradually and peaked around 2003-2004 in the Cocheco River, Exeter River, Lamprey
River and Winnicut River but they continued to decline in the Oyster River and Taylor River. In 2005, run
counts may have dropped as a result of near-record high spring precipitation impeding upriver passage.
Run counts dropped dramatically in 2005-2006 in most rivers, but appear to have rebounded or increased
during 2007 in the Cocheco River, Lamprey River, and Winnicut River. Run sizes in the Cocheco River and
Lamprey River have reached time series highs, while those in the Exeter River, Oyster River and Taylor
River remain low. In 2009 and 2010, run size in the Winnicut River declined before passage was halted by
an improperly designed fishway.

Massachusetts

Run size estimates are available for the Mattapoisett River, Monument River, Nemasket River and Parker
River from 1972-2015 (Figure 2.9).



Mattapoisett River — Since 1988, a local watershed group, Alewives Anonymous, has provided total and
escapement abundance estimates of alewives by using an electronic fish counter at the fish ladder located
at the outlet of Snipatuit Pond in Rochester (River mile: 11.1). This counter is used to estimate the number
of alewives reaching the final and primary spawning impoundment (710 acres). The highest number of
alewife observed was 132,500 in 2000.

Monument River - DMF has been scientifically monitoring the abundance, sex composition, length
structure, age composition and removals of alewives and blueback herring populations in the Monument
River, Bournedale, Massachusetts since the early 1980s. Prior to 1985, abundance was estimated by using
visual counts following the statistical design of Rideout et al. (1979). Since 1985, run size has been
estimated by using a Smith-Root electronic fish counter that is calibrated daily. The counter is situated
just upstream of the river mouth at the top weir of the fish ladder at Benoit's Pond Dam in Bourne (River
Mile: 0.2). The highest numbers of alewives and blueback herring observed were 597,937 in 2000 and
104,645 in1984, respectively.

Nemasket River - Since 1996, members of the Middleborough/Lakeville Herring Fishery Commission has
provided abundance estimates of alewife escapement using visual counts and the Rideout et al. (1979)
design. Counting takes place at the upstream exit of the Wareham Street Dam and fishway (River mile:
7.5). The highest number of alewives observed was 1,919,000 in 2002.

Parker River - The Parker River is a small stream arising in the town of Boxford and flowing 25.8 km north
and east into Plum Island Sound. The freshwater portion drops 20 m during its 12.5 km length and flow is
impeded by six low head dams. A pool-and-weir fish ladder was built at each dam. In 1974, the pool-and-
weir fishway at dam 6 was replaced by a Denil type ladder. Since 1997, the Parker River Clean Water
Association has been estimating run size at the first dam using visual counts and the statistical design of
Rideout et al. (1979). Due to heavy rains in 2005, the weir at dam 1 was damaged and continues to run at
lower efficiency. The highest number of alewives observed was 38,102 in 1973.

Total run sizes of alewives in the Mattapoisett River and Monument River increased from lows in the later
1980s and peaked in 2000 (Figure 2.9). After 2000, alewife run sizes declined precipitously in the
Mattapoisett River, Monument River and Parker River. Run size in the Nemasket River peaked in 2002 and
declined thereafter. For blueback herring, total run size was highest in the Monument River during 1980-
1991, but it dropped to lower levels during 1992-2002. In 2005, run counts may have dropped dramatically
as a result of near-record high spring precipitation impeding upriver passage. Since the run lows, river
herring abundance has been increasing slowly.

Rhode Island

Run size estimates of alewives are available for Buckeye Brook, Gilbert-Stuart River and Nonquit River
from 1980-2015 (Figure 2.10).

Buckeye Brook - The Buckeye Brook Coalition and RI DFW partnered in 2003 to initiate a direct count
program utilizing volunteers. The highest number of fish observed was 90,625 in 2012.

Gilbert-Stuart River - Gilbert Stuart has an Alaskan steeppass fishway which provides access to 68 acres of
nursery and spawning habitat. Gilbert Stuart Pond empties into the Narrow River and discharges into the
Atlantic Ocean. RI DFW has estimated spawning stock size since 1981 by electronic fish counter or direct
count methods. The highest number of alewife observed was 290,814 in 2000.

Nongquit River - Nonquit has a Denil fishway which provides access to 202 acres of nursery and spawning
habitat. Nonquit Pond spills into Almy Brook which joins the Sakonnet River and empties into the Atlantic
Ocean. The Division has estimated spawning stock size at Nonquit since 1999 by a solar powered
electronic fish counter. The only known data prior to 1999 included run size estimates (80,000) from 1976.
The highest number of alewife observed was 230,853 in 1999.



Total run size of alewife in the Gilbert-Stuart River increased from the early 1990s through 2000 (Figure
2.10). Dramatic drops in run size were observed after 1999-2000 in the Gilbert-Stuart River and Nonquit
River, and after 2003 in Buckeye Brook. Run sizes in all rivers increased through 2010, but have declined
since.

Connecticut

A proxy of blueback herring run size (number of fish lifted) was available for the Connecticut River from
1966 to 2015. Shorter time series (2002-2015) were available for alewives and blueback herring in Bride
Brook, Mianus River, Mill Brook, Naugatuck River, Shetucket River, and Farmington River.

Bride Brook — The number of alewives passing has varied considerably over the short time series (Figure
2.11). The highest number observed in the time series (354,862) occurred in 2013.

Connecticut River — The number of blueback herring lifted at the Holyoke Dam increased dramatically
from the late 1970s and peaked around 1985 (Figure 2.11). After 1985, the number of fish lifted began to
decline and it dropped precipitously after 1991. The number of fish lifted has remained close to pre-1977
levels since 2002. The highest number of fish observed was 630,000 in 1985

Farmington River — Removed from analysis for the update upon request of the state (see CT section of
state-specific report for details).

Mianus River - Trends in alewife and blueback counts were nearly identical (Figure 2.11). Counts of both
species increased beginning in 2006, peaked in 2007-2008, and declined in 2009, increased again for a
few years through 2012-2014 and then declined again. The highest numbers of alewives and blueback
herring observed were 121,401 in 2012 and 29,424 in 2014, respectively.

Mill Brook - The number of alewives passing has varied considerably over the short time series (Figure
2.11). Numbers declined in 2008, increased from 2010 to 2012 and have declined. The highest number of
fish observed was 15,361 in 2012.

Naugatuck River - Removed from analysis for the update upon request of the state (see CT section of
state-specific report for details).

Shetucket River - The numbers of alewives and blueback herring passing have varied considerably without
trend over the short time series (Figure 2.11). The highest numbers of alewife and blueback herring
observed were 2,422 in 2007 and 394 in 2001, respectively.

North Carolina

Population size estimates of alewives and blueback herring from age-structured assessment models are
available for the Chowan River from 1972-2003 and 1972-2015, respectively.

Chowan River - Alewife abundance in the Chowan River fluctuated widely without trend prior to 1985,
declined dramatically through 1989, increased slightly in 1990, but it continued to decline through 2003
(Figure 2.12). Blueback herring abundance declined in the late 1970s, increased during the early 1980s
and peaked in 1983, and has steadily declined since 1992. The highest numbers of alewife and blueback
herring estimated in the model were 19,348,550 fish in 1984 and 133,738,077 fish in 1976, respectively.

South Carolina
Population abundance estimates of blueback herring are available for the Santee River from 1980-1990.

Santee River - Abundance increased from a low of 664,000 fish in 1982 to a high of 9,000,000 fish in 1986
(Figure 2.12). Blueback population size declined briefly in 1987 but then increased to the highest
estimated level of 9,353,000 in 1990.



Comparison of Trends

Historical river counts were compared to identify common trends among rivers. It should be noted that
trends may not reflect natural variation in some rivers due to events like anthropogenic changes to river
access (see state reports for more detail). All data were normalized prior to analysis. Common trends were
identified via hierarchical, agglomerative cluster analysis with the group average linking method using
linear (Pearson) correlations among all rivers as the measures of similarity. Normalized river counts were
then plotted together based on major grouping identified in the cluster dendrogram. Trends among rivers
were examined for four time periods: 1984-2010, 1999-2010, 2003-2010, and 2008-2015. The first period
was selected to include as many rivers as possible with long time series, and the latter periods were
selected to examine recent changes in river counts from as many rivers as possible. Rivers in the analysis
of years 1984-2010 included the Union River, Androscoggin River, and Damariscotta River in Maine, the
Lamprey River, Taylor River, Cocheco River and Oyster River in New Hampshire, the Monument River in
Massachusetts, the Gilbert-Stuart River in Rhode Island, and the Connecticut River in Connecticut. The
1999-2010 period included the aforementioned rivers plus the Winnicut River and Exeter River in New
Hampshire, the Nonquit River in Rhode Island, and the Mattapoisett River, Nemasket River, and Parker
River in Massachusetts. The 2003-2010 period included the aforementioned rivers plus the Sebasticook
River in Maine, the Buckeye River in Rhode Island, and the Farmington River and Bride Brook in
Connecticut.

1984-2010 - Cluster analysis grouped the similarities of trends in river counts into four main groups (Figure
2.13). Group 1 represents rivers (Monument River alewife, Gilbert-Stuart alewife, Oyster River Both, and
Cocheco River Both) in which run sizes increased from 1984, peaked around 2000-2005 and remained low
thereafter (Oyster River Both and Monument River alewife) or increased (Gilbert-Stuart alewife and
Cocheco River Both; Figure 2.13). Group 2 represents rivers (Androscoggin River alewife, Damariscotta
River alewife, and Lamprey River Both) in which run sizes increased from 1984, peaked before 1990,
declined to lows in the mid 1990s. Group 3 represents rivers (Connecticut River blueback, Monument
River blueback, Union River alewife, Chowan River blueback, and Taylor River Both) in which run sizes
peaked in the mid 1980s, declined through 1990, before peaking again in the early 1990s. Runs declined
after the early 1990s and remain at very low (Chowan, Taylor, and Connecticut) or relatively low
(Monument blueback and Union River alewife) levels. River locations for each cluster group are shown in
Figure 2.14 and show that the rivers in Group 1 are located in southeastern New England, those in Group
2 are located in New Hampshire, those in Group 3 are located from New Hampshire through northern
New England, and those in Group 4 are scattered throughout New England.

1999-2010 - Cluster analysis grouped the similarities of trends in river counts into three main groups
(Figure 2.15). Group 1 represents rivers (Gilbert-Stuart River, Mattapoisett River, Parker River, Taylor
River, Oyster River, Connecticut River, Monument River, Nonquit River, Chowan River, and Exeter River)
in which run sizes declined starting in the early 2000s (Figure 2.16). Since the decline, run sizes have
remained low (Oyster River, Connecticut River, Exeter River, Chowan River, and Taylor River) or have
increased over time (Gilbert-Stuart River, Monument River alewife, Mattapoisett River, Parker River, and
Nonquit River), albeit slowly in some cases. Group 2 represents rivers (Union River and Nemasket River)
in which run sizes increased through 2002, declined through 2004 or 2005, and then increased. Group 3
represents rivers (Androscoggin River, Winnicut River, Lamprey River, Cocheco River, and Damariscotta
River) in which run sizes increased from 1999, peaked in 2003-2004, dropped precipitously in 2004-2005,
increased through 2007-2009. River locations for each cluster group are shown in Figure 2.17 and show
that the rivers in Groups 1 and 3 are located from New Hampshire through north New England and from
New Hampshire through southern New England, respectively.

2003-2010 - Cluster analysis grouped the similarities of trends in river counts into three main groups
(Figure 2.18). Group 1 represents rivers (Exeter River, Bride Brook, Sebasticook River, Gilbert-Stuart River,
Nemasket River, and Union River) in which run sizes increased from 2008 lows to time series or near time
series highs between 2009 and 2010. Group 2 represents rivers (Chowan River, Parker River, Monument



River, Connecticut River, Mattapoisett River, Lamprey River, Oyster River, Cocheco River, Taylor River, and
Damariscotta River) in which run sizes declined from 2000-2004 levels to lows between 2006 and 2007,
and either increased or stabilized through 2010. Group 3 represents rivers (Androscoggin River, Winnciut
River, Buckeye River and Nonquit River) in which run sizes either increased from 2005-2006 levels to peaks
in 2008 and then steep declines after through 2010 (Figure 2.19). River locations for each cluster group
are shown in Figure 2.20 and show that the rivers in Group 1 and 2 are scattered throughout New England,
while those from Group 3 are primarily located from New Hampshire through southern New England.

2008-2015 - Cluster analysis grouped the similarities of trends in river counts into four main groups (Figure
2.21). Group 1 represents rivers (Nonquit River, Oyster River, and Taylor River) in which run sizes
decreased through 2011-2012 and remained low thereafter (Figure 2.22). Group 2 represents rivers
(Cocheco River and Exeter River) in which run sizes were relatively stable between 2008 and 2014 and
then increased sharply in 2015. Group 3 represents rivers (Androscoggin River, Buckeye River, Gilbert-
Stuart River, and Union River) in which run sizes peaked in 2012 and declined thereafter to near time
series lows in 2015. Group 4 represents rivers (Chowan River, Mattapoisett River, Damariscotta River,
Monument River, Nemasket River, Connecticut River, Bride Brook, Lamprey River, Parker River, and
Sebasticook River) in which runs were relatively low early in the time series, increased to peaks between
2011 and 2014 and declined after. River locations for each cluster group are shown in Figure 2.23 and
show that the rivers in Group 1 and 2 are scattered throughout New England, while those from Group 3
are primarily located from New Hampshire through southern New England.

Major declines in run sizes occurred in many rivers during 2001 to 2005. These declines were followed by
increasing trends (2006 to 2010) in the Androscoggin River (ME), Damaraiscotta River (ME), Nemasket
River (MA), Gilbert-Stuart River (RI), and Nonquit River (RI) for alewife and in the Sebasticook River (ME),
Cocheco River (NH), Lamprey River (NH), and Winnicut River (NH) for both species combined. No trends
in run sizes were evident following the recent major declines in the Union River (ME), Mattapoisett River
(MA), and Monument River (MA) for alewife and in the Exeter River (NH) for both species combined. Run
sizes have declined or are still declining following recent and historical major declines in the Oyster River
(NH) and Taylor River (NH) for both species, in the Parker River (MA) for alewife, and in the Monument
River (MA) and Connecticut River for blueback herring.

Cluster analysis was done for the assessment update using the same three periods used in the
benchmark (1984-2010, 1999-2010, 2003-2010) with the addition of a fourth period to include the most
recent years in the dataset (2008-2015). The grouping for 1984-2010 did not change with the exception
of the fact that groups 1 and 2 from the benchmark were combined into a single grouping as there were
no apparent differences in the trends of each group used in the benchmark assessment. Similarly, the
groupings of the benchmark assessment cluster analysis for the period of 1999-2010 did not change.
However, the Chowan River blueback herring dataset was included in the assessment update and was
added to this group. For the final period examined in the benchmark assessment (2003-2010) there was
a change in groupings as a result of changes in datasets from those previously submitted and the
exclusion of the Farmington River. Most notable was the shift of groupings in the update compared to
the benchmark assessment caused by the movement of the Exeter River, Damariscotta River, and
Monument River alewife, Parker River, and Bride Brook. The new time period to look at trends in the
most recent eight years (2008-2015) did not result in groupings similar to the corresponding final eight
year period (2003-2010) used in the benchmark analysis. It is difficult to discern any consistent trends
as to why the two periods differ, but suggests that rivers along the Atlantic Coast that were previously
grouped together for similar trends have not been experiencing similar population trends in the years
since the benchmark.

2.2.2 Young-of-the-Year Seine Surveys

Updated by: Kevin Sullivan, New Hampshire Fish and Game; Benchmark Assessment Section by: Gary A.
Nelson, Massachusetts Division of Marine Fisheries and Katie Drew, Atlantic States Marine Fisheries
Commission



States of Maine, Rhode Island, Connecticut, New York, New Jersey, Maryland, District of Columbia,
Virginia, and North Carolina conduct fixed seine surveys that capture young-of-the-year alewives and
blueback herring generally during summer and early fall. Detailed descriptions for each survey are found
in state reports; a brief description and comparisons of trends are given below.

Maine — The State of Maine conducts an annual YOY alosine survey for six Maine rivers including
Merrymeeting Bay. The survey began in 1979 and expanded to include 17 fixed stations and includes data
from a separate juvenile striped bass survey designed to assess the numbers of juvenile striped bass in
the lower Kennebec River. Geometric mean indices for blueback herring and alewives are used as relative
indices of abundance. Indices for alewives fluctuated without trend over the time series, although large
peaks in relative abundance occurred in 1979, 1983, 1995, 2000, and 2015 (Figure 2.24). For blueback
herring, relative abundance was near zero from 1979 through 1991 but it increased gradually through
2004 before declining in recent years (Figure 2.25).

Rhode Island —The YOY survey is conducted weekly each fall at five stations in the Pawcatuck River estuary.
It began in 1988 and the geometric mean index represents relative abundance for combined species.
Relative abundance in the Pawcatuck River estuary fluctuated widely but generally increased through
2002 and it declined thereafter (Figure 2.24).

Connecticut — The YOY survey is conducted weekly during the months of July through October at stations
located between Essex, CT (river km 10) and Holyoke, MA (river km 140). It began in 1978 and the
geometric mean catch per seine haul is used as the relative index of blueback herring abundance. Relative
abundance of YOY blueback herring fluctuated widely prior to 1989, but it declined gradually over time
with a large increase in 2010 (Figure 2.25).

New York — The YOY survey was designed to index alosines and occurs in the upper half of the estuary
(RM 60-140) which is generally fresh water and is the nursery reach for alosines. It began in 1980 and the
geometric mean number of fish per haul is used as the relative abundance indices for alewives and
blueback herring. Relative abundance of YOY alewives was low prior to 1999, but has increased since then,
with large year-to-year fluctuations (Figure 2.24). For blueback herring, indices fluctuated widely
throughout the time series, but appeared to decline during the late 1990s and then remained stable but
variable through the present (Figure 2.25).

New Jersey — The YOY survey is conducted biweekly from August to October at fixed stations in the
Delaware River. The survey began in 1980 and the geometric mean catch per haul is used as a relative
index of abundance for alewives and blueback herring. The YOY index for alewives fluctuated without
trend over the time series, although peaks in relative abundance occurred in 1988 and 1996 (Figure 2.24).
Relative abundance of blueback herring fluctuated widely to high peaks through 2000, and then dropped
to lower levels with less variability during 2001-2015 (Figure 2.25).

Maryland — The YOY survey is conducted monthly at fixed stations in the Maryland portion of Chesapeake
Bay from summer through late fall. The survey began in 1959 and the geometric mean per haul is used as
relative abundance indices for alewives and blueback herring. Relative abundance of alewives fluctuated
widely without trend between 1959 and 1977 (peak abundance occurred in 1970) and it declined to lower
levels and was less variable during the mid-1980s and early-1990s (Figure 2.24). A slight increase in
average relative abundance occurred following 1992. Relative abundance indices for blueback herring also
fluctuated without trend prior to 1970, it declined to low levels (except for increase in 1978) and was less
variable during the mid-1980s and early-1990s (Figure 2.25). After 1992, the average magnitude and
variation in relative abundance increased.

District of Columbia — The YOY survey is conducted annually in the Potomac River and Anacostia River.
Sampling occurs monthly from May through August. The survey began in 1990 and the log of the mean
number of fish per haul+1 is used as relative abundance indices for blueback herring and alewives. Relative
abundance of alewives has declined since the series started in 1990 through 2003, and has remained low




since then (Figure 2.24). Relative abundance of blueback herring increased from near zero levels during
1990-1994, and has shown large year-to-year variability and increasing trend since then (Figure 2.25).

Virginia — Indices of YOY relative abundance for alewife and blueback herring come from the VIMS Juvenile
Striped Bass Seine Survey which tracks trends in the annual year-class strength of striped bass in the
spawning and nursery areas of the lower Chesapeake Bay. The survey began in 1967 with a gap from 1974-
1979, and the geometric average number of fish per seine set for all rivers combined (James, York, and
Rappahannock rivers) was used as the relative abundance index in the benchmark assessment. VIMS
provided data from 1990 onward, when the current sampling stratification was implemented. For the
assessment update, only the Rappahannock River survey was included as geometric means of all rivers
combined was not provided. Relative abundance of alewives and blueback herring fluctuated at low levels
without trend, although increases occurred in 2010 for alewife and 2015 for blueback herring (Figure 2.24
and Figure 2.25).

North Carolina — The seine survey began nursery area sampling for YOY blueback herring and alewives in
the Albemarle Sound area in 1972. Sampling occurs at 11 fixed stations during June-October and an
additional 13 fixed stations are sampled in September of each year. The geometric mean number of fish
per haul is used as the measure of the relative abundance. Relative abundance of alewives peaked during
1977-1980, it dropped to low levels during 1981-1994, and it increased slightly through 2004, but has
dropped again in recent years (Figure 2.24). For blueback herring, relative abundance peaked in 1973 and
declined through 2010 (Figure 2.25).

Comparison of Trends in YOY Seine Surveys - Indices of relative abundance were compared to identify
common trends among river systems. Common trends were identified via hierarchical agglomerative
cluster analysis with group average linking (Clarke, 1993) using linear (Pearson) correlations among all
rivers as the measures of similarity. All data were normalized ((obs-mean)/sd) prior to analysis. Cluster
groupings were identified based primarily on the largest distances shown in the cluster dendrogram;
however, secondary groups were identified to aid in comparison of trends. Normalized indices were
plotted together based on major grouping identified in the cluster dendrogram. Trends among systems
were examined for two time periods: 1980-2015 and 1993-2015. The former period was selected to
include as many surveys as possible with long time series, and the latter period was selected to examine
recent changes in indices from as many systems as possible. The 1980-2007 period included surveys from
Maine, Connecticut, New York, New Jersey, Maryland, and North Carolina. The 1993-2007 period included
surveys from Maine, Rhode Island, Connecticut, New York, New Jersey, Maryland, District of Columbia,
Virginia, and North Carolina.

1980-2007 - Cluster analysis grouped the similarities of trends in YOY indices into three main groups
(Figure 2.26). Group 1 represents YOY indices for blueback herring from New Jersey and Connecticut and
both species from North Carolina which shows peak levels in the early 1980s followed by declines,
remaining at relatively low levels of abundance. Group 2 represents river systems in which YOY indices
were highly variable with no apparent trends present (New Jersey alewife and both species in New York).
Group 3 represents YOY indices of both species from Maryland and Maine, which showed similar
fluctuations in relative abundance with peaks occurring around 1995 and 2005. With the exception of
blueback herring in Maine, they have increased since 2013.

1993-2007 - Cluster analysis grouped the YOY indices into five main groups (Figure 2.27). Group 1
represents YOY indices from Connecticut River blueback herring and the District of Columbia alewife,
which showed peaks in the early 1990s then declines to low levels, although the District of Columbian saw
a single peak in 2002 and Connecticut River blueback herring had a peak in 2010 and variable thereafter.
Group 2 represents YOY indices from Rhode Island and Maine that showed similar peaks in relative
abundance in 1995, 2000, and 2004. Group 3 represents New York’s Hudson River which showed similar
peaks in relative abundance in 1999, 2001, 2004, and 2007. Alewives in the Hudson River remain relatively
low and blueback herring show more variability but included a time series peak in 2014. Group 4
represents YOY indices for blueback herring in the District of Columbia and both species in Maryland and



Virginia, which showed similar peaks in relative abundance in 1996-1997 and 2011, with abundance at
low levels between 2001 and 2005 (except Maryland Alewife) with all increasing in the most recent years.
Group 5 represents YOY indices for alewives and blueback herring from New Jersey and North Carolina
that showed similar peaks in relative abundance in 1996, 2000-2001, and 2003, but have remained low
(New Jersey) or shown greater variability (North Carolina) since.

The young-of-the-year (YOY) seine surveys were quite variable and showed differing patterns of trends
among rivers. Maine rivers showed similar trends in alewife and blueback herring YOY indices after 1991
with peaks occurring in 1995 and 2004. YOY indices from North Carolina, and Connecticut showed declines
form the 1980s. New York’s Hudson River showed peaks in YOY indices in 1999, 2001, 2005, 2007, and
2014. New Jersey and Maryland YOY indices showed peaks in 1994, 1996, and 2001. Virginia YOY surveys
showed peaks in 1993, 1996, 2001, and 2003.

Inclusion of datasets for the period after the benchmark up to 2015 did not show any changes in trends
outlined in the benchmark assessment. Indices of alewife from YOY seine surveys remained at relatively
low levels similar to those seen for the period prior to 2011. Blueback herring also remained similar to
levels observed in the terminal years of the benchmark assessment, although some surveys (Virginia,
Maryland, and District of Columbia) have seen increases in 2014-2015. The clustering for 1980-2015, was
similar to that of the benchmark assessment, although clustering changed as a result of New Jersey seine
surveys previously grouped with Maryland is now grouped with New York for alewife and with Connecticut
and North Carolina for blueback herring. The five groups from the benchmark assessment cluster analysis
for this period have been reduced to three. Two clusters (Maine and Maryland) were combined to a single
cluster in this update and the group containing only the Virginia seine survey in the benchmark is absent
as no data was submitted for the period of 1980 to 1988. For the cluster analysis of the second time
period (1993-2015) five groupings were again selected as was done in the benchmark assessment. Three
of the groupings remained the same (Groups 1, 2, and 3 of this update), but two groups changed with the
addition of data after 2010. It is difficult to discern a pattern of movement between groupings, but in the
benchmark assessment North Carolina alewife and blueback herring were split between two groups and
are now in a single group with both species for New Jersey. New Jersey was previously grouped with both
species from Virginia and Maryland, which are still grouped together and now also include District of
Columbia blueback herring.

2.2.3 Juvenile-Adult Seine, Gillnet and Electrofishing Surveys

Updated by: Dr. Mike Bailey, U.S. Fish and Wildlife Service; Assessment Benchmark Section by: Gary A.
Nelson, Massachusetts Division of Marine Fisheries

Rhode Island has conducted large seine fixed station surveys for juvenile and adult river herring in coastal
ponds and Narragansett Bay since 1988. Virginia has conducted a multi-panel gillnet surveys for adult river
herring in the Rappahannock River since 1991. In addition, Virginia has conducted an electroshocking
survey in the Rappahannock and James Rivers since 2000; however the data collection has ended.
Similarly, Florida has conducted an electroshocking survey in the St. John’s River since 2001 (see state
reports for details). Fish biologists from respective states believe that the estimates of catch-per-unit-
effort from each watershed reflect changes in river herring abundance.

Rhode Island

Seine CPUE for combined species in Narragansett Bay fluctuated without trend from 1988-1997, increased
through 2000, declined and then remained stable from 2001-2004, increased again in 2005, and declined
in 2009 (Figure 2.28). The pond survey CPUE increased during 1993-1996, declined through 1998,
increased in 1999, declined through 2002, peaked in 2012, and then declined and fluctuated without trend
thereafter. A significant correlation (rho=0.71, p<0.01) between CPUEs from the pond survey (lagged
forward two years) and the Narragansett Bay survey was found in the benchmark analysis. However,



addition of data from 2011 to 2015 does not show a significant correlation (p=0.413) with the addition of
more years of data, suggesting that the pond survey may not fully capture year-class strength.

Virginia

Gillnet CPUE for both species in the Rappahannock River ended in 2010 and, therefore, was not included
in the update. The electrofishing CPUE indices for alewives and blueback herring in the Rappahannock
River and James River were highly variable for the time series (Figure 2.29).

Florida

The electrofishing CPUE indices for blueback herring in the St. John’s River declined precipitously from
2001 to 2002 and has fluctuated without trends since 2003 (Figure 2.29).

Comparison of Electrofishing CPUE Trends

Simple correlation analysis was used to compare trends in electrofishing CPUE from 2001-2015. The
correlation coefficient between Rappahannock alewife and blueback herring indices indicated a significant
(p<0.05), negative correlation between species in the original analysis; however the addition of 5 more
years of data has not shown a continued relationship (p=0.561). The Rappahannock blueback herring
indices were not significant for the entire time series for either the James River survey (p=0.01) or the
Florida electrofishing survey (p=0.07). For the James River blueback and Florida blueback comparison, a
significant (p<0.01), positive correlation between the two time series was evident in the original analysis
but not significant for the expanded data set (p = 0.233). The common trend among the Virginia and
Florida electrofishing survey occurred in 2004 and 2015 when the Rappahannock River alewife index,
James River blueback herring index, and St. John’s River blueback herring index increased (Figure 2.29).

2.2.4 Juvenile and Adult Trawl Surveys

Updated by: Dr. Edward A. Hale, DNREC, DFW; Benchmark Assessment Section by: Dr. John A. Sweka, US
Fish and Wildlife Service, Northeast Fishery Center

The purpose of this analysis was to update the summarization of trends in river herring relative abundance
data from fisheries independent trawl surveys through 2015. The trawl surveys used in this analysis are
shown in Table 2.5 . Details of each survey are provided in individual state summaries. The majority
of surveys grouped juvenile and adult fish together (Table 2.5 ) and no effort was made to develop
separate juvenile and adult indices from combined data.

Trawl surveys for river herring can be quite variable, making inferences about population trends uncertain.
Observed time series of relative abundance indices represent true changes in abundance, within survey
sampling error, and varying catchability over time. One approach to minimize measurement error in the
survey estimates is by using autoregressive integrated moving average models (ARIMA, Box and Jenkins
1976).

The ARIMA approach derives fitted estimates of abundance over the entire time series whose variance is
less than the variance of the observed series (Pennington 1986). Helser and Hayes (1995) extended
Pennington’s (1986) application of ARIMA models to fisheries survey data to infer population status
relative to an index-based reference point. This methodology yields a probability of the fitted index value
of a particular year being less than the reference point [P(indext<reference)]. Helser et al. (2002)
suggested using a two-tiered approach when evaluating reference points whereby not only is the
probability of being below (or above) the reference point is estimated, the statistical level of confidence
is also specified. The confidence level can be thought of as a one-tailed a-probability from typical statistical
hypothesis testing. For example, if the P(indext<reference) = 0.90 at an 80% confidence level, there is
strong evidence that the index of the year in question is less than the reference point. This methodology
characterizes both the uncertainty in the index of abundance and in the chosen reference point. Helser



and Hayes (1995) suggested the lower quartile (25" percentile) of the fitted abundance index as the
reference point in an analysis of Atlantic wolfish (Anarhichas lupus) data. The use of the lower quartile as
a reference point is arbitrary, but does provide a reasonable reference point for comparison for data with
relatively high and low abundance over a range of years.

Autoregressive integrated moving average models (ARIMA, Box and Jenkins 1976) were fit to log
transformed trawl survey indices. In cases where a survey contained “0” values for one or more years, a
small number (0.01) was added to the index prior to log transformation. In this analysis, the final year of
a given trawl survey was compared to the 25" percentile of the fitted index values and a confidence level
of 80% was used to assess the probability of the final year of the survey being less than the bootstrapped
mean (n = 1000) of the 25" percentile reference point [P(<0.25)]. ARIMA models were fit in R version 3.3.2
and functions in the R package ‘Fish Methods’ (Nelson 2017) were used for the ARIMA model fit and
comparison to reference points. Values of P(<0.25) were summarized by location of the trawl surveys —
northern vs. southern surveys with a general separation occurring at Long Island. Trawl surveys with 10
or more years of data were included in 2010. Small differences in the survey indices were present in both
alewife and blueback herring data sets for the DE adult trawl survey as well as the Maine-New Hampshire
Inshore trawl survey in the updated data. To determine if those differences were significant, the updated
data were analyzed through 2010, with similar results being found in terms of the probability of the index
value in 2010 being greater than the bootstrapped mean reference point for the time series. Similarly,
small difference in the annual indices of the NEFSC bottom trawl at the coast wide and northern regional
level were present in the updated data. However, because of changes to the survey design, alewife were
no longer present in the southern region in the fall survey. Other than the lack of an alewife index in the
southern region during the fall, no substantial differences were present in the updated data when
compared to previous analyses. Therefore, all surveys analyzed in 2010, were updated with data through
2015 and reanalyzed.

Trends in trawl survey indices varied greatly with some surveys showing an increase in recent years, some
showing a decrease, and some remaining stable. Trawl surveys in northern areas tended to show either
an increasing or stable trend in alewife indices (Figure 2.30 and Figure 2.32) whereas trawl surveys in
southern areas tended to show stable or decreasing trends in alewife indices (Figure 2.31 and Figure 2.32).
The NEFSC surveys showed a consistent increasing trend coastwide and in the northern regions for
alewife. The probability of the final year of the survey being less than the 25" percentile reference point
[P(<0.25)] ranged from 0 to 0.464 for alewives (Table 2.6 ) and 0 to 0.540 for blueback herring
(Table 2.7 ). These probabilities tended to be less in northern regions compared to southern areas
for alewife {Table 2.8 ). However, the differences in mean P(<0.25) were not as pronounced between
northern and southern regions for blueback herring (Table 2.8 ) Overall, patterns in trends across
surveys were less evident for blueback herring (Figure 2.33, Figure 2.34 and Figure 2.35).

Overall, the results of the 2015 ARIMA assessment update suggest similar spatial trends as were observed
in 2010 for river herring. There appeared to be a greater likelihood of trawl surveys showing a decrease
for those surveys in the southern areas, particularly for alewife. However, general spatial trends in
blueback were less apparent compared to alewife by region, as well as when compared to values observed
in 2010 despite the updated analyses showing a greater mean likelihood of surveys below the reference
point than the northern region. Again when taken into context with the 2010 assessment, these
observations are consistent with hypotheses concerning the effects of climate change on fish species
distributions. Nye et al. (2009) showed the center of biomass for many stocks surveyed with the NEFSC
bottom trawl survey has moved northward through time and changes in distribution were correlated with
large-scale warming and climactic conditions such as the Atlantic Multidecadal Oscillation. In addition to
the NMFS data used in this analysis, data from other sources also show similar patterns.

23 TRENDS IN MEAN LENGTH



Updated by: Kevin Sullivan, New Hampshire Fish and Game; Benchmark Assessment Section by: Dr. Gary
A. Nelson, Massachusetts Division of Marine Fisheries

Length data come from Maine, New Hampshire, Massachusetts, New York, Maryland, North Carolina,
South Carolina, and Florida. Fork length data were converted to total length when applicable. Mean length
was calculated for each year by species and sex and the time series were examined to determine if
changes have occurred over time. The Mann-Kendall test for trends in data was used to test if negative or
positive trends occurred in the mean length data. A significance level of 0.05 (p = 0.05) was used to
determine whether a statistically significant trend was present.

Maine

Plot of the mean total length for female and male alewife from the Androscoggin River versus year
indicated that average sizes were slightly larger in the late 1980s than average sizes in the remaining years
(Figure 2.36). However, the Mann-Kendall test did not detect a significant trend (Table 2.9).

New Hampshire

Plots of mean total lengths from fisheries-independent monitoring versus year for the Cocheco River,
Exeter River, Lamprey River, Winnicut River, and Oyster River showed variable trends depending on river
and species. For alewives, mean total lengths varied without trend in the Cocheco River, Lamprey River,
and Winnicut River. The only significant trend for alewives detected by the Mann-Kendall test was a
decline observed for males in the Exeter River (Figure 2.36; Table 2.9). For blueback herring, mean total
lengths of female and males varied without trend in the Winnicut River, but notable declines were
observed for males in the Cocheco River and for both sexes in the Oyster River (Figure 2.37). Significant
trends in decreasing average size were detected for the Oyster River and Cocheco River blueback herring
(Table 2. 9).

Massachusetts

Plots of the mean total length from fisheries-independent monitoring versus year for the Monument River
show an apparent decline in the average sizes of male and female alewives (Figure 2.36) and blueback
herring (Figure 2.37) from 1979 through the mid-1990s. Trend analyses of mean lengths indicated
significant decreases in mean length for males and females of both species in the Monument River (Table
2.9).

New York

Mean lengths represent spawning stock lengths from the Hudson River Estuary. NY used only the least
size-biased gears from the NYSDEC surveys: electro-fishing gear, the beach seine (61m) and the herring
haul seine (91m). As sample size varied among years, all data were combined to characterize size. Mean
total length are shown for adult alewives and blueback by sex (>170mm TL) in Figure 2.36 and Figure 2.37.
Following the benchmark assessment, NYSDEC Staff implemented a new methodology for determining
appropriate sample sizes for trend analysis. This new methodology changes the historical data used in the
benchmark assessment to a subset of the data presented in Figure 2.36 and Figure 2.37 (see state report),
including time series for females of both species that are shorter than 10 years. Trend analyses of mean
lengths indicated no significant trend for males of both species (see state report for results).

Maryland

Alewives and blueback herring in the Nanticoke River were collected from commercial pound nets and
fyke nets and a minimum of ten alewives and ten blueback herring were selected at random from unculled
commercial catches. Samples were counted, sexed, length measured and scales removed for age analysis.
Mean lengths of male and female alewives appeared to decline over the time series available (Figure
2.36). Blueback herring of both sexes showed a decline over the time series and are near their lowest



values in the time series. Trend analyses of mean lengths indicated significant decreases in mean length
for males and females of both species (Table 2.9).

North Carolina

The State of North Carolina conducts biological sampling of alewife and blueback herring from fishery-
dependent pound net collections in the Chowan River. Length are available from 1972-2015. Declines in
mean sizes of male and female alewife (Figure 2.36) and blueback herring (Figure 2.37) were apparent.
Trend analyses of mean lengths indicated significant decreases in mean length for males and females of
both species (Table 2.9).

South Carolina

Mean length of blueback herring taken in the commercial fisheries in the Santee Rediversion Canal varied
widely among years (Figure 2.37). Mean length of males showed a slight declining trend over the time
series through 2010 after which it began increasing. Mean length of females showed a slight increasing
trend. Mean length of females has exceeded that of males since 2001. Blueback herring in the commercial
catch tended to be smaller than those that survived the fishery and were lifted over the St. Stephen Dam
(Figure 2.37). Trend analysis of mean lengths indicated no decline in mean lengths over time (Table 2.9).

Florida

An anadromous fish study in 1972 and 1973 used a commercial herring seine to capture blueback herring
and other Alosines in the St. John’s River. The seine was 306 m long, 131 meshes deep, 6.03 - 6.35 cm
stretched mesh, bag with 5.08 cm stretched mesh. Modern length samples are collected by electrofishing.
Mean lengths are lower in the 2001-2007sampling period than they were in the 1972 and 1973 samples
(Figure 2.37). Trend analysis of mean lengths indicated a significant decline in mean length of female
blueback herring over time (Table 2.9).

The general results of these analyses were that mean sizes for male and female alewife declined in 4 of 9
rivers, and mean sizes for female and male blueback herring declined in 6 of 9 rivers. The common trait
among most rivers in which significant declines were detected is that length data were available prior to
1990. Mean lengths started to decline in the mid to late 1980s; therefore, it is likely that declines in other
rivers were not detected because of the shortness of the time series.

National Marine Fisheries Service Trawl Survey

NEFSC bottom trawl survey data was analyzed by geographical region and season. Because of the large
number of strata (376) and high variability in catches of river herring per tow, strata were aggregated into
three regions for spring surveys (March — June): coastwide, north of Long Island and south of Long Island.
Fall surveys (September — December) were only aggregated coastwide because of low catches in southern
survey strata.

Mean lengths for combined sexes in trawl surveys were quite variable through time for both alewives and
blueback herring (Figure 2.38). Despite this variability, alewife mean length tended to be lower in more
recent surveys (Figure 2.38). This pattern was less apparent for blueback herring. Trend analysis of mean
lengths indicated significant declines in mean lengths over time for alewives coastwide and in both regions
in the spring, and for blueback coastwide and in the northern region in the fall (Table 2.10).

In this assessment update, one river systems previously included in the benchmark assessment was
excluded due to a time series shorter than ten years (Stony Brook) and one new river system (St. John's
River) was included. Updated trend analysis shows a continuation of the declining mean size of both
species mentioned in the benchmark assessment. A significant decline in mean length of alewives was
found in 5 of the 9 river systems examined. There were no reversals in significant trends of alewife mean
length since the benchmark assessment, but two systems (Exeter River and Nanticoke River) previously



exhibiting no significant trend now have significant declines in mean length of alewives. Similarly,
blueback herring mean length is significantly declining in 7 of the 9 river systems examined. There was
one reversal in trend since the benchmark, with the significant decline in mean length of female blueback
herring in the Santee-Cooper fishlift no longer apparent. However, the Cocheco River and St. John’s River
(not included in benchmark) are two additional significant trends in decreasing mean length of blueback
herring.

Trends in mean lengths from the NEFSC bottom trawl survey were similar to those of the benchmark, but
previously significant declines for alewives in the fall are no longer significant, and the south region of the
spring survey that was not significant in the benchmark is now significant in this update. Blueback herring
trends in mean length are the same as they were in the benchmark, with the exception of the lack of the
significant decline in blueback mean length during the spring survey in the south region that was observed
in the benchmark assessment.

24 TRENDS IN AGE DATA

Updated by: Ben Gahagan, Massachusetts Division of Marine Fisheries; Benchmark Assessment Section
by: Dr. Gary A. Nelson, Massachusetts Division of Marine Fisheries

Age data comes from commercial and fisheries-independent sampling programs, although lengths of the
time series differ greatly (see state reports for more details). In general, female alewife and blueback
herring are larger and heavier, and grow slightly faster than males of the same species and age, although
blueback herring are smaller than alewife.

2.4.1 Trendsin Maximum Age

Age data of fish from rivers in Maine, New Hampshire, Massachusetts, Rhode Island, Maryland, and North
Carolina were included in the analysis.

Maine

The maximum age of both male and female alewife from the Androscoggin River was generally >age 6
during the 1990s, but it decreased by about one age during the late 1990s and early 2000s (Figure 2.39).
Maximum age has since increased to early 1990s levels for female alewife, but male maximum age has
fluctuated between 4 and 7 during the 2010’s. Scale samples were not collected form Androscoggin River
alewife in 2015. The maximum age of both sexes of alewife in the Sebasticook River has been stable in the
range of 5 to 6 years, with an occasional max age of 7, throughout the time series.

New Hampshire

In 2010, New Hampshire Fish and Game switched from random sampling to bin sampling, which may have
altered biases in the data over the time series. For alewife, the general trend in maximum age of females
and males was river dependent. River restoration work on the Winnicut River has caused the time series
for both species to be discontinued after 2010. In the Cocheco River and Lamprey maximum age increased
from age 6 to ages 7 — 8 in the early 2000s and have remained in that range through 2015. (Figure 2.39).
In the Exeter River, maximum age increased in the early 1990s, but it has been relatively stable at age 6
since that time except for a slight decline in 2010 (Figure 2.39). For blueback herring, the general trend in
maximum age of females and males was river dependent. In the Cocheco River, maximum age has
fluctuated widely, and a lack of blueback herring in recent years has led to insufficient sample sizes for
analysis (Figure 2.40). In the Oyster River, maximum age increased by one age beginning in 2001 and has
remained at this level for females. The maximum age for males has shifted between 5 and 6 since 2010.

Massachusetts



In 2013, Massachusetts Division of Marine Fisheries switched ageing structures form scales to otoliths.
Analyses suggest that otoliths increased the precision of age estimates but did not alter accuracy biases.
Maximum age of male and female alewife (Figure 2.39) and male and female blueback herring (Figure
2.40) in the Monument River declined from ages 7 — 8 in the mid-1980s to ages 5 — 6 during the early
1990s and has remained relatively stable since that time.

Rhode Island

Maximum age of male and female alewife (Figure 2.39) in the Gilbert-Stuart River declined from ages 6 —
7 in the mid-1980s to ages 5 — 6 during the 2000s and has remained stable since.

Maryland

Since the benchmark assessment, Maryland officially adopted the MA DMF ageing protocol (see state
report). Maryland also introduced new agers in 2011 and 2014, which may have introduced error or bias
into recent age estimates. Maximum age of male and female alewife from the Nanticoke River has
decreased slightly over the past 25 years. Male alewife were predominately 7-8 until 2000 with a range
of 6-7 since. Female alewife shifted from a range of 8-9 to a range of 7-8 in the late 2000’s (Figure 2.39).
Maximum age of male and female blueback herring from the Nanticoke River declined from ages >9 during
the early 1990s to ages5 — 6 and 6 — 7, respectively, during 2005 — 2014 (Figure 2.40).

North Carolina

The maximum age observed for male and female alewife ranged from ages 5 to 9 (Figure 2.39). Due to
ageing error identified during the assessment (see state report), updated alewife data were not included
in the analysis and the trend determination from the benchmark assessment (declining) was not updated.
Maximum age of male and female blueback herring from the Chowan River was generally >age 7 prior to
1984 but it declined thereafter to ages 6 — 7 through 2003 (Figure 2.40). After 2003, maximum age
declined to ages 5 — 6 and the lowest maximum age was reported in 2014.

Data provided in the update added little information to this visual analysis. In terms of maximum age no
trends appear reversed and most runs had stable ages. Lamprey River (NH) alewife maximum age appears
to be trending upward, while Nanticoke River (MD) alewife and blueback herring, and Chowan River (NC)
blueback herring maximum ages appear to have dropped. In future assessments, the value of examining
the number of age classes present in a population should be examined as an alternate metric to maximum
age.

2.5 TRENDS IN MEAN LENGTH-AT-AGE

Updated by: Kevin Sullivan, New Hampshire Fish and Game Department and Dr. Edward A. Hale, DNREC,
DFW; Benchmark Assessment Section by: Dr. Gary A. Nelson, Massachusetts Division of Marine Fisheries

Mean lengths-at-age of alewife and blueback herring from state data were examined to determine if
changes have occurred over time. The Mann-Kendall test for trends in data was used to test if negative or
positive trends occurred in the mean length data for each age. A significance level of 0.05 (p = 0.05) was
used to determine whether a statistically significant trend was present. Due to low sample sizes, only time
series of ages 3-6 mean lengths were tested for trends. In order to determine if mean length-at-age for
both alewife and blueback herring has changed since 2010, data were updated to 2015 and re-analyzed.
Of the 112 Rivers-Species-Age combinations updated (111 with data, as there was no data available for
Gilbert-Stuart Alewife Male age 6), 26 have reversed in terms of their significance when compared to the
analysis preformed in 2010. Of those reversals, 11 have become non-significant, when they were
categorized as significant in 2010 and 16 changed from non-significant to significant (Table 2.11). Updated
data were verified by state specific TC representatives before being analyzed and included in the update
to account for disagreements in all cases. In addition to analyzing the total time series for each time
series, we separately analyzed a reference period from 2006-2015.



Maine

Maine DNR conducts biological sampling of alewives at fish ladders in the Androscoggin River. Length and
age data are available from 1993-2010. For alewives, ages observed on the run ranged from 3 to 7 but
most fish were ages 4-6. No updated data was submitted for the update so trend analysis was not possible.

New Hampshire

Length and age data for alewives and blueback herring from the Cocheco River, Exeter River, Lamprey
River, Oyster River and Winnicut River have been collected by New Hampshire since 1990. For alewife,
ages 3-9 fish were collected on the runs. Plots of mean lengths-at-age showed sizes varied among age,
river and sex, but in some rivers, mean lengths-at-age showed some decrease in recent years (Figure 2.41).
Trends analyses indicated significant declines in mean lengths-at-age for ages 4-5 female and 3-5 male
alewife from the Cocheco River, for age 4 females and ages 3-4 males from the Exeter River, for ages 3-5
females and ages 3 and 4 males from the Lamprey River, and for age 4 females and age 3 males from the
Winnicut River (Table 2.11). For blueback herring, ages 3-8 fish were collected on the runs. Plots of mean
lengths-at-age showed sizes among age, river and sex, but in some rivers, mean lengths-at-age showed
some declines over times (Figure 2.42). Trends analyses indicated significant declines in mean lengths-at-
age for ages4-6 females and ages 3-6 male blueback herring from the Cocheco River, for ages 3-5 males
and females from the Oyster River, and for age 4 females and age 3 males from the Winnicut River (Table
2.15). Trend analyses of the most recent ten years (2006-2015) detected significant increases in length-
at-age for age-6 alewife of both sexes in the Cocheco River age-5 females and ages 5-6 males in the Exeter
River (Table 2.11). Trend analyses of blueback herring for the same period detected significant increases
in age-4 and age-6 females and age-4 and age-5 males in the Oyster River (Table 2.11).

Massachusetts

Length and age data for alewives and blueback herring from the Monument River have been collected
since 1984, although age data were only intermittently collected prior to 1993. Mean lengths-at-age were
plotted by sex and year to determine if changes in growth have occurred over time. Unfortunately, data
from 1984-1987 were not available for historical comparison. For alewives, ages 3-8 fish were collected
on the run. Although variable, mean length-at-age of alewives for ages 3-5 of both sexes appeared to
decline in the mid-1990s and increased near the latter part of time series (Figure 2.43). There were no
significant changes in size-at-age detected in the trend analyses (Table 2.11). For blueback herring, ages
3-7 fish were collected on the run. Mean lengths-at-age of both sexes varied without trend (Figure 2.42).
There was only a significant decline of age 5 males detected in the trend analysis of the time series (Table
2.15). Trends analysis of the most recent ten years (2006-2015) detected a significant increase of age-3
female alewife and age-4 blueback herring of both sexes (Table 2.11).

Rhode Island

The State of Rhode Island conducts biological sampling of alewife at fish ladders in the Nonquit River and
Gilbert Stuart River. Length and age data are available from 2000-2015 in the Nonquit River and from
1984-2015 in the Gilbert Stuart River; however no samples were collected during the mid-late 1990s
(Figure 2.43). Ages 2-8 alewives were found in both rivers, although the runs were comprised mostly of
ages 3-6. No significant changes in mean lengths-at-age for alewife in the Nonquit River were detected by
trend analysis with data through 2010 and again with data through 2015. From 2006-2015, significant
increases were detected for ages 5 and 6 female, as well as ages 4 and 5 male alewives. Significant
decreases in mean length at-age were originally detected for age 4 females and males of the Gilbert Stuart.
However, with the updated data, significant decreases in mean length at age were only detected in age 4
males through 2010, and no significant trends were detected using data through 2015 for either sex. From
2006-2015, significant increases in alewives were present in age 3 and age 4 males in the Gilbert-Stuart.
No other significant trends were detected (Table 2.11).



Maryland

Maryland DNR collects biological samples of alewife and blueback herring from fishery-dependent pound
nets in the Nanticoke River. Length and age data are available from 1989-2015. For blueback herring,
individuals of ages 3-9 have occurred on the run, but most fish are ages 3-6 (Figure 2.42). Few fish of ages
7-8 have been observed in catches since the late 1990s. Mean lengths for most ages have shown little
trend over time except for slight declines in the latter part of time series. A significant decline in mean
length was detected only for age-5 male blueback herring when originally analyzed in 2010. However,
updated data demonstrated that significant declines in mean length at age were detected for age-3, age-
6 male blueback herring in addition to age-5 through 2010. When analyzed through 2015, significant
declines in mean length at age were detected for age-3, age-4, age-5, and age-6 male blueback herring
(Table 2.11). For alewife, individuals of ages 3-9 have occurred on the run, but most fish are ages 3-6
(Figure 2.43). Fish of age 9 have been rare in catches since the early 1990s. Mean lengths for most ages
have shown little trend over time. Significant declines in mean length were detected only for age-5 female
and male alewife when originally evaluated in 2010. However, updates to the data indicate that significant
declines have occurred in mean length of age-6 female and age-3, age-4, age-5 male alewife through 2010.
Similarly, the results of the updated analyses suggest mean length of age-6 female and age-3, age-4, and
age-5 male alewife have declined through 2015. However, no significant trends were detected in mean
length at age for either species from 2006-2015 (Table 2.11).

North Carolina

The North Carolina DMF collects biological samples of alewife and blueback herring from fishery-
dependent pound nets in the Chowan River. Fork length and age data are available from 1972-2009 for
alewife and 1972-2015 for blueback herring. Due to ageing error identified during the assessment (see
state report), updated alewife data were not included in the analysis. For alewife, fish of age 2 (rare)
through age 8 occur on the run but most fish are ages 3-6 (Figure 2.44). Plots of mean lengths-at-age for
female and male alewife show that the sizes of most ages have declined over time (Figure 2.44). Trends
analyses detected significant declines in sizes for all ages and sexes tested in 2010, again with updated
data through 2010 and data through 2015 (Table 2.11). For blueback herring, fish of age 2 (rare) through
age 9 occur on the run but most fish are ages 3-7 (Figure 2.44). Plots of mean lengths-at-age for female
and male blueback herring show that the sizes of most ages have declined over time (Figure 2.44). Trends
analyses detected significant declines in size for all ages and sexes tested in 2010, again with updated data
through 2010 and data through 2015 (Table 2.11). However, significant increases were detected from
2006-2015 in male, age-5 blueback (Table 2.11).

Comparison of Trends

Declines in mean length of at least one age were observed in most rivers examined. The lack of
significance in some systems is likely due to the absence of data prior to 1990 when the decline in sizes
began, similar to the pattern observed in mean length (see Section 2.3). Declines in mean lengths-at-age
for most ages were observed in the north (New Hampshire) and the south (North Carolina). There is little
indication of a general pattern of size changes along the Atlantic coast.

2.6 TRENDS IN REPEAT SPAWNING FREQUENCY DATA
2.6.1 Trends in Coastwide Repeat Spawner Rates

Updated by: Ben Gahagan, Massachusetts Division of Marine Fisheries; Benchmark Assessment Section
by: Laura M. Lee, North Carolina Division of Marine Fisheries and Katie Drew, Atlantic States Marine
Fisheries Commission

Rates characterizing the percentage of repeat spawners were calculated and evaluated for alewife and
blueback herring populations along the U.S. East Coast where data were available. Repeat spawner data



for these species have been collected from various fisheries-independent (Table 2.12 ~ Summary of
fisheries-independent data sources that have collected repeat spawner data from river herring. Species
indicates whether data were available for alewives (A), blueback herring (B), or both species combined
(river herring, R).) and fisheries-dependent (Table 2.13 Summary of fisheries-dependent data sources
that have collected repeat spawner data from river herring. Species indicates whether data were available
for alewives (A), blueback herring (B), or both species combined (river herring, R). monitoring programs.
Detailed information on the individual surveys of state water bodies can be found in the individual state
summary reports. Repeat spawner rates were calculated by dividing the number of sampled fish with one
or more spawning marks by the total number of fish sampled and multiplying the resulting quotient by
100. Rates were calculated by sex, year, water body, gear, and species (when possible) for each state.

Comparisons among the repeat spawner rates from different states were not made due to the large
variability in sampling gears and time series available. For data series that had at least five continuous
years of data and ten years of data overall, the Mann-Kendall test for trend in data collected over time. A
significance level of 0.05 (a= 0.05) was used to determine whether a statistically significant trend was
present.

2.6.1.1 Fisheries Independent Repeat Spawner Rates

A summary of the available repeat spawner data for river herring collected by fisheries-independent
surveys is presented in Table 2.12 Summary of fisheries-independent data sources that have
collected repeat spawner data from river herring. Species indicates whether data were available for
alewives (A), blueback herring (B), or both species combined (river herring, R). Annual estimates of repeat
spawner rates based on data from these surveys are presented in Tables 2.14 — 2.23.

Maine

Androscoggin River: Repeat spawner data collected from the Brunswick Fishway on the Androscoggin
River were available from 2005 through 2014. Scale samples were not collected in 2015. Species-specific
data on repeat spawners were not available and so rates represent alewives and blueback herring
combined, although very few bluebacks are sampled in the Androscoggin River. Also, detailed information
on the number of spawning marks at age was not available. For the assessment update, Maine provided
the entire time series as combined sexes rather than split. Repeat spawner rates ranged between 13.5%
and 57.9% over the 10 year time series. The four most recent years were below the 10 year mean. (Table
2.14 ).

New Hampshire

New Hampshire has been collecting repeat spawning data from river herring sampled from fishways on
the Cocheco, Exeter, Lamprey, Oyster, and Winnicut Rivers. Because of low sample size by species, the
data were not analyzed by sex (Table 2.15 and Table 2.16 Estimated rates of repeat spawning for
blueback herring (both sexes combined) observed in New Hampshire’s fisheries-independent fishway
surveys of the Cocheco and Oyster Rivers by year. [-- indicates inadequate sample size.]; Figure 2.45).
Cocheco River: Alewife in the Cocheco River had up to four spawning marks; repeat spawners ranged from
age 3 — 9. The proportion of repeat spawners ranged from 30.4 — 69.6% and showed no statistically
significant trends (Table 2.15

Blueback herring in the Cocheco River had up to four spawning marks; repeat spawners ranged from age
3-8 (Table 2.16 Estimated rates of repeat spawning for blueback herring (both sexes combined)
observed in New Hampshire’s fisheries-independent fishway surveys of the Cocheco and Oyster Rivers by
year. [-- indicates inadequate sample size.]). Sample sizes were inadequate in 2009-2012 and 2014-2015,
and low in several years. The proportion of repeat spawners ranged from 12.5 — 44% and showed no
statistically significant trends.



Exeter River: Alewife in the Exeter River had up to three spawning marks; repeat spawners ranged from
age 4 —8 (Table 2.15 ). The proportion of repeat spawners ranged from 9.0 — 48.6% and showed no
statistically significant trends. Blueback herring sample sizes from the Exeter River were too small (0-12
fish in most years) to be analyzed.

Lamprey River: Alewife in the Lamprey River had up to four spawning marks; repeat spawners ranged
from age 3 —9 (Table 2.15 ). The proportion of repeat spawners ranged from 33 — 63% and showed
no statistically significant trends. Blueback herring sample sizes from the Lamprey River were too small
(0-12 fish in most years) to be analyzed.

Oyster River: Alewife sample sizes from the Oyster River were too small (0-16 fish in most years) to be
analyzed. Blueback herring in the Cocheco River had up to four spawning marks; repeat spawners ranged
from age 3 — 8 (Table 2.16 Estimated rates of repeat spawning for blueback herring (both sexes
combined) observed in New Hampshire’s fisheries-independent fishway surveys of the Cocheco and
Oyster Rivers by year. [-- indicates inadequate sample size.]). The proportion of repeat spawners ranged
from 20.0 — 68.8% and showed no statistically significant trends.

Winnicut River: Restoration work in 2010 prevented adequate collection of biological samples from 2011-
2015. Alewife in the Winnicut River had up to four spawning marks; repeat spawners ranged from age 4
—9 (Table 2.15 ). The proportion of repeat spawners ranged from 32.9 — 63.3% and showed no
statistically significant trends. Blueback herring sample sizes from the Oyster River were too small (0-12
fish in most years) to be analyzed.

Massachusetts

Information on repeat spawner percentage of river herring species in Massachusetts was available from
fisheries-independent dip net surveys of several rivers. Repeat spawner data from the Mattapoisett River,
the Quashnet River, and Stoney Brook were limited and so not summarized here, but calculated repeat
spawner rates can be found in Tables 2.17 and 2.18. In 2013, Massachusetts Division of Marine Fisheries
discontinued processing scale samples from all site-species combinations with the exception of alewife in
the Monument River.

Monument River: Repeat spawner data for alewives sampled during fisheries-independent surveys of the
Monument River were available from 1986 through 1987, 1993, and from 1995 through 2015. Age-specific
data were not available for 1986 and 1987. Of alewife that had spawned previously in recent years, most
had only one spawning mark. Repeat spawner rates for male and female alewives were much higher in
1986 and 1987 (41-45%) compared to the most recent years available (1-15%;




Table 2.17 and Table 2.18 ). The Mann-Kendall test indicated both sexes had experienced a
statistically significant decline in percentage of repeat spawners.

Repeat spawner data for blueback herring collected by dip net during fisheries-independent surveys of
the Monument River were available from 1986 through, 1993, and from 1995 through 2013. As with
alewives, age-specific data were not available for 1986 and 1987. None of the blueback herring sampled
from 2004 to 2010 had more than one spawning mark. Repeat spawner rates for both male and female
blueback herring were higher in 1986 and 1987 (20-38%) than in recent years (4-14%;Table 2.19

Estimated rates of repeat spawning for male blueback herring observed in Massachusetts, New
York and South Carolina fisheries-independent surveys in select rivers by year and gear type. and Table
2.20  Estimated rates of repeat spawning for female blueback herring observed in Massachusetts, New
York and South Carolina fisheries-independent surveys in select rivers by year and gear type.), similar to
what was observed for alewives. As with alewives, the Mann-Kendall test indicated both sexes had
experienced a statistically significant downward trend in percentage of repeat spawners.

Mystic River: Repeat spawner data for alewives were collected from 2004 to 2013 and for blueback
herring from 2005 to 2013 as part of fishery independent surveys of the river. Alewife had up to four
spawning marks on their scales and blueback had up to three. For alewives, the percentage of repeat
spawners ranged from 0-33.9% for males and from 0-46.1% for females (



Table 2.17 and Table 2.18 ). For blueback herring, the percentage of repeat spawners ranged from

5.7-48.9% for males and from 2.7 — 51.8% for females (Table 2.19 Estimated rates of repeat
spawning for male blueback herring observed in Massachusetts, New York and South Carolina fisheries-
independent surveys in select rivers by year and gear type. and Table 2.20 Estimated rates of

repeat spawning for female blueback herring observed in Massachusetts, New York and South Carolina
fisheries-independent surveys in select rivers by year and gear type.). Nemasket River: Repeat spawner
data for alewives collected from the Nemasket River were available from 2004 through 2013. Male alewife
repeat spawners were between 3 and 7 years old, while females ranged in age from 3 to 7 years. Both
male and female alewife repeat spawners had from one to three spawning marks. Repeat spawner rates
for males and females were similarly variable from 2004 through 2013, ranging between 9% and 44% (



Table 2.17 and Table 2.18 ). There was no statistically significant trend for either sex over this time-
period. No repeat spawner data were available for blueback herring from the Nemasket River.

Town Brook: Repeat spawner data for alewives collected by the fisheries-independent survey of Town
Brook were available from 2004 through 2013. Male alewives that previously spawned ranged from 3 to
7 years in age, while females ranged in age from 3 to 7 years. Of alewives that had spawned previously,

most had only one spawning mark. The percentage of male alewives that previously spawned ranged from
4.41% to 32.3% (



Table 2.17 ). Repeat spawner rates for female alewives ranged from 7.9% to 36.7% (Table 2.18

). There was no statistically significant trend for male alewife over this time-period but female
alewife experienced a statistically significant upward trend in percentage of repeat spawners. Blueback
herring repeat spawner data were only available for 2005 for Town Brook (Table 2.19  Estimated rates
of repeat spawning for male blueback herring observed in Massachusetts, New York and South Carolina
fisheries-independent surveys in select rivers by year and gear type. and Table 2.20 Estimated rates
of repeat spawning for female blueback herring observed in Massachusetts, New York and South Carolina
fisheries-independent surveys in select rivers by year and gear type.). All of the blueback herring sampled
were virgin spawners, although the sample size was very low.

Rhode Island

Rhode Island has been collecting repeat spawning data from river herring sampled from fishways in Gilbert
Stuart Stream and Nonquit Pond. The data were not available by species, so calculated repeat spawner
rates represent alewives and blueback herring combined.

Gilbert Stuart Stream: Repeat spawner data collected during sampling of the fishway at Gilbert Stuart
Stream were available for intermittent years from 1984 through 1989 and were available for all years from
1991 — 2014. In 2015, returns to the Gilbert Stuart were too low to provide enough biological samples for
a repeat spawning percentage calculation. Male repeat spawners ranged from 3 to 7 years in age while
female repeat spawners ranged in age from 3 to 8 years. Male and female repeat spawners had from one
to three spawning marks, and most had only one spawning mark. Repeat spawner rates have been
variable for both male and female river herring through the time series (Table 2.21 Estimated rates
of repeat spawning for male river herring observed in Rhode Island’s fisheries-independent fishway
surveys in select rivers by year. and Table 2.22 Estimated rates of repeat spawning for female river
herring observed in Rhode Island’s fisheries-independent fishway surveys in select rivers by year.; Figure
2.46). The percentage of males that had previously spawned ranged from a low of 4.44% in 2005 to a high
of 81.4% in 1986. Rates of repeat spawner for females ranged from a low of 3.3% in 2009 to a high of
59.3% in 1992. The Mann-Kendall test indicated a statistically significant downward trend over time for
both male and female repeat spawner rates.

Nongquit Pond: Repeat spawner data has been collected from river herring sampled at the Nonquit Pond
fishway since 2000 and were available through 2015, with the exception of 2010. Male repeat spawners
ranged in age from 3 to 7 years and most had only one spawning mark. Estimated repeat spawner rates
for male river herring were variable, ranging from 0% to 25.7% over the time series. Female repeat
spawners were between 3 and 7 years in age and, like the male repeat spawners, most had one spawning
mark. Repeat spawner rates for females ranged from 0 to 34.1% and showed a general decrease from
2000 through 2007. The Mann-Kendall test indicated there was no statistically significant trend in repeat
spawner rates for the Nonquit.

New York

River herring repeat spawner data collected from fisheries-independent surveys of the Hudson River
Watershed in New York were combined over all gears and areas sampled.

Hudson River: Repeat spawner data for alewives sampled from the Hudson River were available from
1999 through 2001 and 2009 through 2015 (Table 2.23 Estimated rates of repeat spawning for male and
female alewife observed in New York’s fisheries-independent surveys in the Hudson River by year.).
However, since the benchmark assessment, data from the earlier period have been determined to be
unreliable and NYSDEC Staff recommended against their use (see state report). Therefore, the reliable
data time series is less than 10 years and no trend analysis results are reported.



Repeat spawner data on blueback herring collected from the Hudson River were available from 1989
through 1990, 1999 through 2001, and 2009 through 2015 (Table 2.19 Estimated rates of repeat
spawning for male blueback herring observed in Massachusetts, New York and South Carolina fisheries-
independent surveys in select rivers by year and gear type. and Table 2.20 Estimated rates of
repeat spawning for female blueback herring observed in Massachusetts, New York and South Carolina
fisheries-independent surveys in select rivers by year and gear type.). However, since the benchmark
assessment, data from 1999-2001 have been determined to be unreliable and NYSDEC Staff
recommended against their use (see state report). Therefore, the reliable data time series is less than 10
years and no trend analysis results are reported here.

South Carolina

Santee River: Repeat spawner data for blueback herring sampled from the Santee River were available
from 1978 through 1983 and 2014 through 2015. Repeat spawner data for alewives were not available
from the Santee River. However, the gear used to collect the fish varied among those years. In 1978, a
pound net was used. A haul seine was used in 1979. From 1980 through 1983, samples were collected
with a gill net. In 2014 and 2015 samples were collected from a commercial cast net fishery in the lower
Santee River. Repeat spawner rates based on data collected by the different gear types are not
comparable due to differences in selectivity. As such, only data collected by gill net are summarized here
since only one year of data was available from each of the other gears, though repeat spawner rates
estimated for all gears are reported in the tables at the end of this report.

Male and female blueback herring that previously spawned ranged in age from 4 to 7 years and had marks
indicating from one to three previous spawning events. Repeat spawner rates were variable between
1980 and 1983, ranging from 9.2% to 30.7% for males and from 17.1% to 33.7% for females. Current
repeat spawner rates appear to be between 25 and 30%

2.6.1.2 Fisheries Dependent Repeat Spawner Rates

A summary of the available repeat spawner data for river herring collected by fisheries-dependent surveys
is presented in Table 2.13 Summary of fisheries-dependent data sources that have collected repeat
spawner data from river herring. Species indicates whether data were available for alewives (A), blueback
herring (B), or both species combined (river herring, R).. Annual estimates of repeat spawner rates based
on data from these surveys are presented in Tables 2.24 through 2.27.

Maryland

Nanticoke River (Pound & Fyke Net): Repeat spawner data for river herring collected during sampling of
the pound net and fyke net fisheries on the Nanticoke River were available for most years from 1989
through 2014. During the period from 1989 to 2010, male alewives that previously spawned were
between 4 and 8 years old and had from one to four spawning marks. Female alewife repeat spawners
ranged from 4 to 9 years in age and had from one to five spawning marks. Repeat spawner rates for male
and female alewives were variable over the time series, ranging from 25.0% to 72.0% for males and from
41.8% to 84.9% for females (Table 2.24 and Table 2.24 Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net
Year Nanticoke River Alligator River Chowan River Scuppernong River
2001 50.0 48.1
2002 70.4 57.4
2003 64.6 20.0




2004 41.2 39.7
2005 34.3 59.5
2006 72.0 13.0
2007 25.0 29.6
2008 59.1 20.3
2009 31.0 35.7
2010 32.0 X
2011 57.1 X
2012 26.2 X
2013 27.9 X
2014 23.9 X
2015 X




Table 2.25 Estimated rates of repeat spawning for female alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. ; Figure 2.47). Rates for female alewife repeat
spawners were consistently higher than rates for males, and showed less of a decline over the time series.
Both sexes showed a reduction in the abundance of fish that had more than one spawning mark.
Application of the Mann-Kendall test indicated no statistically significant trend over time for female
alewife repeat spawner rates but did indicate a statistically significant negative trend for male alewife
rates.

During the period from 1989 to 2010, male blueback herring repeat spawners sampled from pound nets
in the Nanticoke River ranged in age from 4 to 11 years. In 2001, an 11 year-old male blueback herring
was observed with eight spawn marks. Female blueback herring that previously spawned ranged from 4
to 10 years in age and had from one to six spawn marks. The percentage of male blueback herring that
previously spawned ranged from a low of 13.2% in 2007 to a high of 85.8% in 1997 ([-- indicates
inadequate sample size and X indicates data excluded due to ageing error (see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Alligator Chowan | Scuppernong

Nanticoke River River River River
1972 46.7 51.3 58.3
1973 434 37.3 56.8
1974 12.1 0
1975 30.4 41.7 11.3
1976 22.6 68.2 14.3
1977 26.5 20.5 25.2
1978 45.3 39.2 0
1979 65.6 39.5 33.3
1980 78.8 57.3 52.0
1981 41.3 35.5 45.5
1982 19.7 31.3 37.8
1983 28.3 31.7 21.9
1984 27.0 32.0 12.5
1985 43.3 19.5
1986 27.6 45.8
1987 0 -- 0
1988 53.7 20.8 28.6
1989 63.0 42.9 9.09 29.6
1990 73.9 50.9 -- 63.2
1991 55.5 48.5 86.7 45.2
1992 57.7 39.6 51.7 58.7
1993 75.5 40.0 -- 11.8
1994 66.7 --
1995 55.4
1996 58.7




1997 61.2
1998 57.6
1999 74.2 --
2000 41.8 25.5
2001 67.7 34.5
2002 84.9 42.3
2003 83.5 36.7
2004 66.1 52.3
2005 58.6 57.1
2006 84.8
Table 2.25 Continued.
Maryland North Carolina
Pound & Fyke Net Pound Net
Alligator Chowan | Scuppernong
Year Nanticoke River River River River
2007 55.0 57.9
2008 71.8 30.0
2009 58.2 39.5
2010 65.9 X
2011 60.2 X
2012 58.4 X
2013 56.5 X
2014 27.6 X
2015 X




Table 2.26 Estimated rates of repeat spawning for male blueback herring observed in Maryland and
North Carolina’s fisheries-dependent surveys by river and year.; Figure 2.48). Female blueback herring
repeat spawner rates ranged from a low of 20.0% in 2005 to a high of 83.4% in 1990. Repeat spawner
rates for male and female blueback herring showed similar variations over the time series. The Mann-
Kendall test indicated both sexes had experienced a statistically significant decline in percentage of repeat
spawners.

North Carolina

Alligator River (Pound Net): Repeat spawner data for alewives collected by pound nets from the Alligator

River were available for all years from 1972 to 1993, except 1974. Male alewife repeat spawners were 3

to 8 years old and had one to four spawning marks. Female alewives that previously spawned ranged from

3 to 10 years in age and had one to five spawning marks. Repeat spawner rates for male and female

alewives were similar in magnitude (0-79%) and exhibited similar fluctuations over time (Table 2.24
and Table 2.24 Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Nanticoke River Alligator River Chowan River Scuppernong River
2001 50.0 48.1
2002 70.4 57.4
2003 64.6 20.0
2004 41.2 39.7
2005 343 59.5
2006 72.0 13.0
2007 25.0 29.6
2008 59.1 20.3
2009 31.0 35.7
2010 32.0 X

2011 57.1 X

2012 26.2 X

2013 27.9 X

2014 23.9 X

2015 X




Table 2.25 Estimated rates of repeat spawning for female alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. ; Figure 2.49). Data collection was discontinued
in 1994. Application of the Mann-Kendall test for trend found no statistically significant trend over time
in either the male or female alewife repeat spawner rates.

Repeat spawner data for blueback herring sampled from pound nets during fisheries-dependent sampling
of the Alligator River were available for intermittent years from 1972 to 1991. Both male and female
blueback herring that previously spawned ranged in age from 4 to 8 years and had from one to three
spawning marks ([-- indicates inadequate sample size and X indicates data excluded due to ageing error
(see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Alligator Chowan | Scuppernong

Nanticoke River River River River
1972 46.7 51.3 58.3
1973 434 37.3 56.8
1974 12.1 0
1975 30.4 41.7 11.3
1976 22.6 68.2 14.3
1977 26.5 20.5 25.2
1978 453 39.2 0
1979 65.6 39.5 33.3
1980 78.8 57.3 52.0
1981 41.3 35.5 455
1982 19.7 31.3 37.8
1983 28.3 31.7 21.9
1984 27.0 32.0 12.5
1985 433 19.5
1986 27.6 45.8
1987 0 -- 0
1988 53.7 20.8 28.6
1989 63.0 42.9 9.09 29.6
1990 73.9 50.9 -- 63.2
1991 55.5 48.5 86.7 45.2
1992 57.7 39.6 51.7 58.7
1993 75.5 40.0 -- 11.8
1994 66.7 --
1995 55.4
1996 58.7
1997 61.2
1998 57.6
1999 74.2 --
2000 41.8 25.5




2001 67.7 345
2002 84.9 42.3
2003 83.5 36.7
2004 66.1 52.3
2005 58.6 57.1
2006 84.8

Table 2.25 Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net
Alligator Chowan | Scuppernong

Year Nanticoke River River River River
2007 55.0 57.9

2008 71.8 30.0

2009 58.2 39.5

2010 65.9 X

2011 60.2 X

2012 58.4 X

2013 56.5 X

2014 27.6 X

2015 X




Table 2.26 Estimated rates of repeat spawning for male blueback herring observed in Maryland and
North Carolina’s fisheries-dependent surveys by river and year. and Table 2.26 Continued.

1992 75.2 35.0 42.9
1993 82.7 63.3 231
1994 51.3 34.1
1995 55.0 41.7
1996 56.1 32.6
1997 85.8 22.2
1998 70.8 38.2
1999 69.0 533
2000 40.7 42.7
2001 52.9 38.6
2002 67.2 45.1
2003 63.8 411
2004 30.4 36.6
2005 25.0 23.2
2006 73.1 13.7
2007 13.2 53.2
2008 36.1 55
2009 29.0 21.7
2010 27.3 14.1
2011 39.3 47.3
2012 22.4 47.4
2013 38.9 46.4
2014 30.7 27.0
2015 52.8
Table 2.27 Estimated rates of repeat spawning for female blueback herring observed in Maryland

and North Carolina’s fisheries-dependent surveys by river and year.).

Chowan River (Pound Net): Fisheries-dependent repeat spawner data for alewives collected by pound
nets from the Chowan River were available for 1972 through 1989, 1991 through 1994, and 1999 through
2009. Due to ageing error identified during the assessment (see state report), updated alewife data were



not included in the analysis and the Mann-Kendall test from the benchmark assessment (no significant
trend) was not updated. Male alewife that previously spawned ranged in age from 3 to 8 years and had
from one to three spawning marks. Repeat spawner rates for male alewives were highly variable over the
time series, ranging from 0% to 66.7% (Table 2.24 ; Figure 2.49). Female alewife repeat spawners
ranged from 3 to 8 years in age and had from one to five spawning marks. The female alewife repeat
spawner rates were also variable and as high as 86.7% in 1991, although sample size was very low that
year (Table 2.24Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Nanticoke River Alligator River Chowan River Scuppernong River
2001 50.0 48.1
2002 70.4 57.4
2003 64.6 20.0
2004 41.2 39.7
2005 343 59.5
2006 72.0 13.0
2007 25.0 29.6
2008 59.1 20.3
2009 31.0 35.7
2010 32.0 X

2011 57.1 X

2012 26.2 X

2013 27.9 X

2014 23.9 X

2015 X




Table 2.25 Estimated rates of repeat spawning for female alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. ; Figure 2.49).

Repeat spawner data for blueback herring collected during fisheries-dependent pound net sampling of
the Chowan River were available for all years from 1972 through 2015. Male blueback herring repeat
spawners were 3 to 8 years in age and had from one to four spawning marks. Repeat spawner rates for
male blueback herring ranged from a low of 5.5% in 2008 to a high of 64.0% in 1979 ([-- indicates
inadequate sample size and X indicates data excluded due to ageing error (see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Alligator Chowan | Scuppernong

Nanticoke River River River River
1972 46.7 51.3 58.3
1973 43.4 37.3 56.8
1974 12.1 0
1975 30.4 41.7 11.3
1976 22.6 68.2 14.3
1977 26.5 20.5 25.2
1978 453 39.2 0
1979 65.6 39.5 33.3
1980 78.8 57.3 52.0
1981 41.3 35.5 455
1982 19.7 31.3 37.8
1983 28.3 31.7 21.9
1984 27.0 32.0 12.5
1985 433 19.5
1986 27.6 45.8
1987 0 -- 0
1988 53.7 20.8 28.6
1989 63.0 42.9 9.09 29.6
1990 73.9 50.9 -- 63.2
1991 55.5 48.5 86.7 45.2
1992 57.7 39.6 51.7 58.7
1993 75.5 40.0 -- 11.8
1994 66.7 --
1995 55.4
1996 58.7
1997 61.2
1998 57.6
1999 74.2 --
2000 41.8 25.5
2001 67.7 345
2002 84.9 42.3




2003 83.5 36.7
2004 66.1 523
2005 58.6 57.1
2006 84.8

Table 2.25 Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net
Alligator Chowan | Scuppernong

Year Nanticoke River River River River
2007 55.0 57.9

2008 71.8 30.0

2009 58.2 39.5

2010 65.9 X

2011 60.2 X

2012 58.4 X

2013 56.5 X

2014 27.6 X

2015 X




Table 2.26 Estimated rates of repeat spawning for male blueback herring observed in Maryland and
North Carolina’s fisheries-dependent surveys by river and year.; Figure 2.50). Female blueback herring
that previously spawned ranged from 4 to 9 years in age and had from one to four spawning marks. Female
blueback herring repeat spawner rates were similar in magnitude to the male rates, ranging from a low of
1.69% in 1987 to a high of 77.8% in 1979 (Table 2.26 Continued.

1992 75.2 35.0 42.9
1993 82.7 63.3 23.1
1994 51.3 34.1
1995 55.0 41.7
1996 56.1 32.6
1997 85.8 22.2
1998 70.8 38.2
1999 69.0 533
2000 40.7 42.7
2001 52.9 38.6
2002 67.2 45.1
2003 63.8 411
2004 304 36.6
2005 25.0 23.2
2006 73.1 13.7
2007 13.2 53.2
2008 36.1 5.5
2009 29.0 21.7
2010 27.3 14.1
2011 39.3 47.3
2012 22.4 47.4
2013 38.9 46.4
2014 30.7 27.0
2015 52.8
Table 2.27 Estimated rates of repeat spawning for female blueback herring observed in Maryland

and North Carolina’s fisheries-dependent surveys by river and year.; Figure 2.50). No statistically



significant trends over time were detected in the male or female repeat spawner rates when the Mann-
Kendall test was applied.

Scuppernong River (Pound Net): The fisheries-dependent pound net survey of the Scuppernong River
collected repeat spawner data from alewives from 1972 through 1984 and from 1987 through 1993. Male
alewife repeat spawners ranged from 3 to 7 years in age, while female repeat spawners were between 3
and 8 years old. Males had from one to three spawning marks and females had one to four spawning
marks. Repeat spawner rates for male and female alewives were similar in magnitude (0—-69%) and

showed similar variability over the time series (Table 2.24 and Table 2.24 Continued.
Maryland North Carolina
Pound & Fyke Net Pound Net

Year Nanticoke River Alligator River Chowan River Scuppernong River
2001 50.0 48.1

2002 70.4 57.4

2003 64.6 20.0

2004 41.2 39.7

2005 343 59.5

2006 72.0 13.0

2007 25.0 29.6

2008 59.1 20.3

2009 31.0 35.7

2010 32.0 X

2011 57.1 X

2012 26.2 X

2013 27.9 X

2014 23.9 X

2015 X




Table 2.25 Estimated rates of repeat spawning for female alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. ; Figure 2.49). Data collection was discontinued
in 1994. The Mann-Kendall test found no evidence for a statistically significant upward or downward trend
over time for the either the male or female alewife repeat spawner rates.

Blueback herring repeat spawner data collected during the Scuppernong River pound net survey were
available for all years from 1972 through 1993. Male blueback herring that previously spawned ranged
from 3 to 8 years in age, while females were between 4 and 9 years old. Male blueback herring repeat
spawners had from one to three spawning marks and females had from one to four spawning marks.
Repeat spawner rates for male and female blueback herring demonstrated similar fluctuations over the
time series, ranging from 0% to 45.8% for males and from 0% to 61.5% for females ([-- indicates
inadequate sample size and X indicates data excluded due to ageing error (see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Alligator Chowan | Scuppernong

Nanticoke River River River River
1972 46.7 51.3 58.3
1973 434 37.3 56.8
1974 12.1 0
1975 30.4 41.7 11.3
1976 22.6 68.2 14.3
1977 26.5 20.5 25.2
1978 45.3 39.2 0
1979 65.6 39.5 33.3
1980 78.8 57.3 52.0
1981 41.3 35.5 45.5
1982 19.7 31.3 37.8
1983 28.3 31.7 21.9
1984 27.0 32.0 12.5
1985 433 19.5
1986 27.6 45.8
1987 0 -- 0
1988 53.7 20.8 28.6
1989 63.0 42.9 9.09 29.6
1990 73.9 50.9 -- 63.2
1991 55.5 48.5 86.7 45.2
1992 57.7 39.6 51.7 58.7
1993 75.5 40.0 -- 11.8
1994 66.7 --
1995 55.4
1996 58.7
1997 61.2
1998 57.6




1999 74.2 --
2000 41.8 25.5
2001 67.7 345
2002 84.9 42.3
2003 83.5 36.7
2004 66.1 52.3
2005 58.6 57.1
2006 84.8
Table 2.25 Continued.
Maryland North Carolina
Pound & Fyke Net Pound Net
Alligator Chowan | Scuppernong
Year Nanticoke River River River River
2007 55.0 57.9
2008 71.8 30.0
2009 58.2 39.5
2010 65.9 X
2011 60.2 X
2012 58.4 X
2013 56.5 X
2014 27.6 X
2015 X




Table 2.26 Estimated rates of repeat spawning for male blueback herring observed in Maryland and
North Carolina’s fisheries-dependent surveys by river and year. and Table 2.26 Continued.

1992 75.2 35.0 42.9
1993 82.7 63.3 23.1
1994 513 34.1
1995 55.0 41.7
1996 56.1 32.6
1997 85.8 22.2
1998 70.8 38.2
1999 69.0 53.3
2000 40.7 42.7
2001 52.9 38.6
2002 67.2 45.1
2003 63.8 411
2004 304 36.6
2005 25.0 23.2
2006 73.1 13.7
2007 13.2 53.2
2008 36.1 5.5
2009 29.0 21.7
2010 27.3 14.1
2011 39.3 47.3
2012 224 47.4
2013 38.9 46.4
2014 30.7 27.0
2015 52.8




Table 2.27 Estimated rates of repeat spawning for female blueback herring observed in Maryland
and North Carolina’s fisheries-dependent surveys by river and year.; Figure 2.50). The Mann-Kendall test
did not detect a significant trend over time for either the male or female blueback herring repeat spawner
rates.

2.7 TRENDS IN TOTAL INSTANTANEOUS (Z) MORTALITY ESTIMATES

Updated by: Michael Brown, Maine Department of Marine Resources; Benchmark Assessment Section by:
Dr. Gary A. Nelson, Massachusetts Division of Marine Fisheries

2.7.1 Age-based Total Instantaneous (Z) Estimates

The Chapman-Robson survival estimator (Chapman and Robson, 1960), the least biased estimator of
survival compared to catch curve analysis (Murphy, 1997; Dunn et al., 2002), was applied to the annual
age-frequency data to generate a single estimate of survival rate for each state, river, species, sex and
year. Z was estimated by the natural-log transformation of S. The first age-at-full recruitment was the
age with the highest frequency. Only Z estimates made from data with three or more age-classes
(including first fully-recruited age) were deemed valid. Linear and loess smoothers (Maindonald and
Braun, 2003) were applied to all river estimates for a given state, species, and sex to indicate trends in
the annual estimates. Estimates of Z are given in state reports and are summarized below.

Maine — Estimates of Z were made for male and female alewife from the Androscoggin and Sebasticook
rivers using fisheries-independent data. Z for female alewife in the Androscoggin River declined slightly
from around 2.0/yr in the late 1980s to around 0.83 during 1995-1997 and then increased slightly to
about 1.3/yr thereafter. During the period 2010-2014 Z values increased to 1.7. The time series average
(1986-2015) is 1.4 with no indication of an increasing or decreasing trend (Figure 2.51). Z estimates for
males showed little trend over time and averaged 1.6/yr over the time series though Z values averaged
2.0 for the period 2010-2014 (Figure 2.51). The time series of Zs for female and male alewife from the
Sebasticook River showed little trend, and averaged 1.5/yr for both sexes for the series 2010-2015.

New Hampshire — Estimates of Z were made for male and female alewife and blueback herring from the
Cocheco, Lamprey, Oyster and Winnicut rivers by using fisheries-independent data.

For alewife, declines in Z through 2015 were observed in the Cocheco and Lamprey rivers for both sexes
(Figure 2.52). Since 2010, Z has decreased and has averaged 0.7/yr and 0.8/yr for females, and 0.3/yr
and 0.8/yr for males in the Cocheco River and Lamprey River, respectively. Significant downward trends
in Z for the time series (1992-2015) are noted for male and female alewife in the Cocheco and male
alewife in the Lamprey River.

The time series of Zs for female and male alewife from the Winnicut River were short. No data beyond
2009 were provided for this river. Prior to 2010 Z showed little trend, and averaged about 0.9/yr for
females and 1.2/yr for males (Figure 2.52). For blueback herring, declines in Z were observed in the
Cocheco River for both sexes. A significant downward trend occurred for females for the period 1992-
2008. Since 2000, Z has increased slightly for males with no significant trend in either direction (Figure



2.52). There were no data available for blueback herring after 2008 from the Cocheco. Little trend in Z
was evident for females and males from the Oyster River; the average Z was 1.1/yr for both sexes prior
to 2010. Since 2010 Z for males and female blueback averaged 1.5 and 1.2 respectively. For the time
series 1992-2015 Z was 1.2 for males and 1.1 for females (Figure 2.52). The time series of Zs for female
and male blueback herring from the Winnicut River were short, showed opposing trends, and averaged
about 1.2/yr for females and 1.1/yr for males. No data beyond 2009 are available for this location
(Figure 2.52).

Massachusetts — Estimates of Z were made for female and male alewife and blueback herring from the
Agawam River, Back River, Charles River, Mattapoisett River, Monument River, Mystic River, Nemasket
River, Parker River, Stony Brook, and Town River by using fisheries-independent data. Foralewife, Z
estimates averaged 1.1/yr and 1.2/yr for female and males, respectively, from the Parker River during
the 1970s. There was a slight increase in Z on the Parker River for females and little variation in Z for the
period 2010-2015 (Figure 2.53). In the Monument River, estimates of Z for females increased from
0.9/yr in the late 1980s to 1.22/yr in 1999, and then declined to an average of 1.1/yr in the late 2000s.
The Z estimate for the years 2010-2015 average 1.8 but did not significantly influence the series trend of
1.3 for the period 1985-2015 (Figure 2.53). Z estimates for males increased from 0.9/yr to an average
of 1.4/yr in the late 2000s but for the period 2010-2015 averaged 2.2 indicating a significant upward
trend in Z over the time series 1985-2015 (Figure 2.53). In the'remaining rivers, the time series of Zs
were short and showed little trend except for a significant downward trend in Z estimates for female
alewife in the Mystic River for the time series 2004 -2015 and a significant downward trend for females
in Town Brook for the series 2004 - 2015 . The Nemasket River Z estimates for males averaged 1.4 for
the period 2010-2015 and 1.3 for the time series starting in 2004. The average of Z for females during
2004-2010 was 1.4, similar to the value of 1.5 for the period 2010-2015. For blueback herring, estimates
of Z for females and males from the Monument River showed increasing trends over time (Figure 2.54).
The series average Z was 1.3/yr and 1.5/yr for females and males, respectively. Blueback herring Z
estimates for males averaged 1.5 for the time series 1985-2015 while the Z estimates for female was
slightly lower, 1.3 for the series 2005-2015 though it should be noted that several years data in the
series are absent. Blueback herring in the Mystic River for both males and females is trending upward
since the 2010 assessment. The data series is short for blueback herring in the Mystic, starting in 2007
for males and 2005 for females (Figure 2.54).

New York — Estimates of Z were made for female and male blueback herring from the Hudson River and
tributaries collected during 1989 and 1990 (Figure 2.55). Recent Z estimates are available for alewife
and blueback herring from 2012-2015 (see state report), but the data time series are less than 10 years
and no trend analysis results are reported.

Maryland - Estimates of Z were made for female and male alewife and blueback herring from the
Nanticoke River by using fisheries-independent data. Except for the sharp rise in 2003 and 2004, total
mortality for female alewife showed little trend over time (



Figure 2.56). Estimates of Z for male alewife showed a very slight decrease in mortality for the period
2010-2014 compared to the time series 1991-2014 (

Figure 2.56). The average Z was 1.0/yr for females and 1.1/yr for males the period 2010-2014. For
blueback herring, Z estimates for females showed little trend (except a slight rise in 1997-1999) over
time (average = 1.1/yr), but mortality rose from an average 0.8/yr during the early 1990s to an average
of 1.6/yr during 2006-2010 for males but then declined to an average of 1.1 for the period 2010-2014,
only slightly higher than the time series trend of 1.0 for years 1989-2014 (

Figure 2.56).

North Carolina - Estimates of Z were made for alewife and blueback herring with sexes combined from
the Chowan River, Alligator River, Meherrin River, Scuppernong River, and Albemarle Sound by using
fisheries-dependent and fisheries-independent data. For alewife, estimates of Z from the Alligator River,
Chowan River, Merherrin River and Suppernong River during the 1970s, 1980s, and 1990s averaged
1.3/yr, 1.0/yr, and 0.84/yr, respectively. During the 2000s, estimates of Z from the Chowan River and
Albemarle Sound averaged 0.96/yr. For the longest river time series (Chowan), only slight increases in
mortality were observed (Figure 2.57). Due to ageing error identified during the assessment (see state
report), updated alewife data were not included in the analysis. For blueback herring, estimates of Z
from the Chowan River, Merherrin River and Suppéernong River during the 1970s, 1980s, and 1990s
averaged 0.9/yr in each period. During the 2000s, estimates of Z from the Chowan River and Albemarle
Sound averaged 1.1/yr. For the longest river time series (Chowan), slight increases in mortality were
observed over the time series and continued to increase over the last 5 year period (Figure 2.57).

South Carolina — Estimates of Z were made for blueback herring with sexes combined from the Cooper
River by using fisheries-independent data. A slight decline in Zs was indicated by the loess smooth for
blueback herring (Figure 2.58). The average Z over the time series was 1.67/yr. No additional data are
available after 2010.

2.7.2 Repeat Spawner Data-based Total Mortality (Z) Estimates

The Chapman-Robson survival estimator (Chapman and Robson, 1960), the least biased estimator of
survival compared to catch curve analysis ( Murphy, 1997; Dunn et al., 2002), was applied to the repeat-
spawner frequency data of most states to generate a single estimate of survival rate (S) for each species,
sex and year. The exception was data for New York to which standard catch curve analysis (linear
regression) were applied. Z was estimated by the natural-log transformation of S. Only Z estimates
made from data with three or more repeat spawner classes (including first fully-recruited class) were
deemed valid.

Massachusetts — Estimates of Z were made for female and male alewife and blueback herring from the
Back River, Charles River, Monument River, Mystic River, and Town River by using fisheries-independent



data. For alewife, average Z estimates for male and female alewife from the Monument River were
0.9/yr and 1.1/yr, respectively, during 1986-1987 and increased to averages of 2.1/yr and 2.4/yr,
respectively, during 2007-2010. For the period 2010-2014 Z estimates averaged 1.9 and 2.0 for males
and females alewives respectively. There were no long term trends detected or the time series 1986-
2015 for either sex (Figure 2.59). For the remaining rivers the time series were short and showed
variable trends. The average Zs for females and males alewives from the Mystic River averaged 2.0/yr
for males and 1.9 for females though the time series was short (2004-2015) with some year’s data
unavailable. The decrease in z estimates for Town Brook observed in the age data were not seen in the
repeat spawner data. The series for repeat spawning data includes only eight years and runs from 2004-
2013. For blueback herring on the Mystic River there were few Z estimates available for trend analysis
(Figure 2.60). The average Zs for the time series for males is 1.8 and 2.0 for females. The'time series
runs from 2006 to 2015 for females and 2007 to 2014 for males.

Rhode Island — Estimates of Z were made for alewife (combined sexes) from the Gilbert-Stuart River and
Nonquit River. For Gilbert-Stuart alewife, Z appeared to decline slightly from 1975 through the early
1990s (average Z=1.3/yr)(Figure 2.61). Starting in 2000, Z estimates increased and averaged 2.2/yr
through 2010, suggesting increased mortality. A shorter time series was available for the Nonquit River,
but it showed a slight increase in mortality since 2000. The average Z for this system from 2000-2010
was 2.6/yr (Figure 2.61).

New York — Estimates of Z were made for female and male alewife collected during 1999-2001 and
blueback herring collected during 1989-1990 and 1999-2001 from the Hudson River and tributaries
(Figure 2.62). However, since the benchmark assessment, data from 1999-2001 have been determined
to be unreliable and NYSDEC Staff recommended against their use (see state report). Recent Z estimates
are available for alewife and blueback herring from 2009-2015 (see state report), but the data time
series are less than 10 years and no trend analysis results are reported.

Maryland - Estimates of Z were made for female and male alewife and blueback herring from the
Nanticoke River using fisheries-independent data. For alewife, estimates of Z for females and males
showed an increase from an average Z of 0.75/yr and 0.84/yr, respectively, in 1990-1993 to an average Z
of 1.9yr and 1.7/yr, respectively, in 2000-2002 (Figure 2.63). Since 2003, the Z estimates declined to an
average of 1.2/yr for each sex during 2007-2010. During the period 2010-2014 the average Z estimates
for female and male alewife are 0.9 and 1.2 respectively. The average Z over each time series, 1991-
2014 is 1.2/yr for females and 1.2/yr for males. For blueback herring, estimates of Z for females and
males showed a slight decrease increase from an average Z of 0.8/yr and 0.8/yr, respectively in 1989-
1993 to average Z of 1.1/yr and 1.5/yr, respectively, in 2000-2002 (Figure 2.63). Since 2003, the Z
estimates have declined slightly to an average of 1.0/yr for females and 1.1 for males during 2007-2010
and has remained the same for males and decreased for females to 0.9 for the period 2010-2014. The
average Z over the time series was 1.0/yr for females and 1.2/yr for males.

North Carolina - Estimates of Z were made for alewife and blueback herring from the Chowan River,
Alligator River, Meherrin River, Scuppernong River, and Albemarle Sound using fisheries-dependent and
fisheries-independent data. For alewife, estimates of Z from the Chowan River and Scuppernong River



for females and males during the 1970s, 1980s, and 1990s averaged 1.2/yr and 1.6/yr, respectively,
1.4/yr and 1.5/yr, respectively, and 0.8/yr and 1.5/yr, respectively (Figure 2.64). During the 2000s,
estimates of Z from the Chowan River and Albemarle Sound averaged 1.13/yr for both sexes. For the
longest river time series (Chowan), mortality appeared to increase through 1990 and then decline to
current averages of 1.2/yr for females and 1.4/yr for males. Due to ageing error identified during the
assessment (see state report), updated alewife data were not included in the analysis. For blueback
herring, estimates of Z from the Chowan River, Meherrin River and Scuppernong River during the 1970s,
1980s, and 1990s averaged 1.2/yr for females and 1.3/yr for males, 1.2/yr for female and 1.4/yr for
males, 1.2/yr for females and 1.2/yr for males, respectively. During the 2000s, estimates of Z from the
Chowan River and Albemarle Sound averaged 1.1/yr for females and 1.5/yr for males. For the longest
river time series (Chowan), mortality showed little trend over time but during the last 5-year period
estimates of Z have increased slightly above the time series average of 1.12 for females and 1.4 for
males(Figure 2.64).

South Carolina — Estimates of Z were made for male and female blueback herring from the Santee River
by using fisheries-dependent data. Although the Z estimates for female .and male blueback herring
showed opposing decreasing and increasing trends (Figure 2.65), the wide variation in the estimates and
shortness of the time series suggests general trends may not be accurate. The average Z was 1.58/yr
and 1.77/yr for female and male blueback herring, respectively.

2.8 TRENDS IN IN-RIVER EXPLOITATION RATES

Updated by: Jeff Kipp, Atlantic States Marine Fisheries Commission; Benchmark Assessment Section by: Dr.
Gary A. Nelson, Massachusetts Division of Marine Fisheries

Trends of in-river exploitation rates of alewife spawning runs were updated for two Maine rivers, the
Damariscotta River and the Union River. Trends were not updated for three Massachusetts rivers
(Monument River river herring combined, Mattapoisett River alewife, and Nemasket River alewife) due
to a moratorium on in-river harvest (i.e., exploitation rate of zero) implemented in 2006, but historical
trends are provided in Figure 2.66. In-river exploitation rates were calculated by dividing in-river harvest
by total run size (escapement plus harvest) for a given year. Exploitation rates generally varied around
declining trends throughout the time series (Figure 2.66), with the exception of very low rates (<0.06) in
the Damariscotta River from the mid-1990s to 2000. Damariscotta River estimates for the final three years
in the benchmark assessment (2008-2010) increased by about 70% when updated. There are also some
slight changes in the updated Union River estimates since 2000 (<+ 0.1) and there is now an estimate for
2006, while there was no 2006 estimate in the benchmark assessment. This is likely due to updated
harvest estimates from hydropower companies (M. Brown, personal communication, March 15, 2017)
and the updated estimates are considered more accurate. Since the terminal year of the benchmark
assessment, exploitation rates in the Damariscotta River declined from 0.37 in 2011 to 0.14 in 2012 and
remained relatively  stable since a SFMP  was required, averaging 0.11 (



Damariscotta Union

08

06

04

In-River Exploitation Rate

02+

00

T T T T T T T T
2011 2012 2013 2014 2015 20M 2012 2013 2014 2018

Year .
Figure

2.67). Rates since a SFMP was required are the lowest during the time series, with the exception of the
very low rates from the mid-1990s to 2000. Exploitation rates inthe Union River increased following the
requirement of SFMPs from 0.63 in 2011 to 0.87 in 2012, were relatively stable from 2013 to 2014,
averaging 0.80, and then decreased sharply to the lowest rate during the time series in 2015 (0.42;
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2.9  INDEX OF RELATIVE RIVER HERRING EXPLOITATION

Updated by: Jeff Kipp, Atlantic States Marine Fisheries Commission; Benchmark Assessment Section by: Dr.
John Sweka, US Fish and Wildlife Service



An index of relative exploitation was developed for the coastwide population of river herring. The NEFSC
bottom trawl| data were used to calculate a minimum swept area estimate of total biomass for spring
surveys (1976 — 2015). Minimum swept area estimates are stratified total biomass estimates calculated
by expanding the biomass caught within each NEFSC bottom trawl stratum to the area of the stratum and
then summing over all strata. Spring surveys were used because river herring are more readily caught
during the spring than during the fall surveys (see NEFSC trawl report section in River Herring Benchmark
Stock Assessment Volume Il). Estimated total catch was calculated from total reported landings (Section
2.1.2), NAFO landings reported from other countries (Section 2.1.1), plus total incidental catch derived via
hindcasting methods using the survey-scaling method (NEFSC 2008, Palmer et al. 2008). Estimated total
catch was divided by total swept area estimates of biomass to yield an index of relative exploitation. The
relative exploitation index was developed for the coastwide population rather than regional populations
because estimates of total incidental catch could not be partitioned among regions or discrete river stocks.
It should be noted that there is potential for double-counting some of the incidental catch when it is added
to the reported landings from the states and NAFO. The method of estimating total incidental catch
(retained and discarded) from observer coverage uses total landings from ocean fisheries as the raising
factor, and thus any reported river herring landings from federal ocean fisheries would theoretically be
included in the incidental catch estimate.

Minimum swept area estimates of total biomass fluctuated greatly between 1976 and 1995 and were
lowest between 1988 and 1990. Total biomass estimates remained fairly stable between 2000 and 2008,
increased sharply in 2009, and then fluctuated around an increasing trend through 2015 (Figure 2.68 are
biomass). Biomass estimates since the benchmark stock assessment are the highest of the time series,
with the exception of the 1979 estimate (19,549 MT), and average about 2.2 times greater than the time
series average. Total catch estimates showed a consistent decline from 1976 — 2015, decreasing from a
high of 8,962 MT in 1976 to a low of 712 MT in 2011 (Figure 2.69). Catch following the benchmark stock
assessment was at the lowest level during the time series, with the exception of a slight increase in 2012
(1,162 MT). Relative exploitation fluctuated greatly from 1976 — 1989, but decreased in 1992 and
remained relatively stable until 2008. Another decrease occurred in 2009 followed by low and stable
relative exploitation through 2015 (Figure 2.70). Relative exploitation since the benchmark stock
assessment terminal year is the lowest of the time series, averaging 0.05.

Total catch estimates were often greater than minimum swept area estimates of total biomass in the
1970s and 1980s resulting in relative exploitation rates > 1.0. Catches of river herring from the NEFSC
bottom trawl were not corrected by any assumed catchability coefficients, and as the survey stops at Cape
Hatteras, NC, estimates do not include the southern range of the stock. Therefore total biomass estimates
likely greatly underestimated the true total biomass of river herring. If we assume total biomass estimates
are proportional to the true biomass, the calculated relative exploitation values provide an indication of
recent trends-in river herring exploitation.

2.10 _TOTAL MORTALITY (Z) BENCHMARKS

Updated by: Jeff Kipp, Atlantic States Marine Fisheries Commission; Benchmark Assessment Section by: Dr.
Gary Nelson, Massachusetts Division of Marine Fisheries and Dr. Katie Drew, Atlantic States Marine
Fisheries Commission

River herring are subject to many different sources of mortality, some anthropogenic (e.g., directed and
incidental fishing mortality, habitat loss, dam and passage mortality), and some natural (e.g., predation).
We can estimate total mortality (Z) for alewives and blueback herring in a number of river systems from



age structure and repeat spawner data; however, we often cannot partition this total mortality into its
various fishing and non-fishing components.

Total mortality benchmarks were established during the benchmark assessment based on spawning stock
biomass per recruit analyses in order to provide reference points for empirical measurements of Z (Table
2, Table 2.28). Reference points were calculated for two age-constant natural mortality estimates (0.3 and
0.7) to evaluate sensitivity of reference points to a range of potential natural mortality. The higher natural
mortality results in higher reference points. Therefore, reference points calculated with the lower natural
mortality can be considered more precautionary. The SAS and peer review panel favored reference points
calculated with the higher natural mortality (ASMFC 2012). Additionally, the peer review panel
recommended that a reference point in the range of Zssx-Z40% is @ more appropriate reference point for
river herring and, therefore, results are focused on total mortality estimates relative to the Zioy
benchmarks calculated with a natural mortality of 0.7 (Zso%m=07). Z20% benchmarks and benchmarks
calculated with a natural mortality of 0.3 are still included to be consistent with the benchmark and due
to the uncertainty in total mortality estimates. In addition, the rates of fishing mortality (F), exploitation
rate (u), and total mortality that cause run-specific river herring populations to collapse due to declining
recruitment at low spawning stock biomass (Zcoiapse) Used in the benchmark were obtained from
previously-derived estimates in Crecco and Gibson (1990), updates of their methods, literature values, or
using stock assessment models (Table 2.29 and Table 2.30).

Though benchmark values are derived from assessment data in some cases, the values were not updated.
Reference point adjustments should not be considered due to minor interannual variation in data over
short time frames, as changing values create “moving targets” that are difficult to achieve through
management (McKown et al. 2008). See the benchmark stock assessment for additional details on total
mortality benchmarks.

2.10.1 Results
2.10.1.1 Spawning stock biomass per recruit

Empirical estimates of Z from several of the stock-sex combinations have been above Z4o%,m-07 benchmarks
since the benchmark assessment (Figure 2.71 - Figure 2.79). These include Sebasticook female alewives,
Androscoggin male alewives, Monument female and male alewives, Nemasket female and male alewives,
Gilbert-Stuart alewives (both sexes combined), and Nonquit alewives (both sexes combined). Additionally,
all estimates for several other stock-sex combinations since the benchmark, with the exception of one
year during that period, have been above Zoy% m-0.7 benchmarks. These include Sebasticook male alewives,
Androscoggin female alewives, Mystic female and male alewives, Town male alewives, and Nanticoke
female and male bluebacks.

Empirical estimates of Z for Cocheco male and female alewives were below Zso% m=07 benchmarks in all
years since the benchmark assessment. Additionally, estimates for Lamprey male and female alewives
and Nanticoke female alewives were all below Zso%,m-07 benchmarks since the benchmark assessment,
with the exception of one estimate during that period. Estimates for all other stock-sex combinations
fluctuated around Zso%,m-07 benchmarks.

Terminal three year average Z estimates for ten of the eighteen stocks were above Zso% m-07 benchmarks,
while four were below (Table 2). Of the four stocks above the Zi% m-07 benchmark, two exceeded the
Zao%,m=0.7 benchmark. Four stocks did not have updated estimates during these years.

2.10.1.2 Z-collapse



Where applicable, the minimum, maximum and average Zeiapse Values were plotted for each river
(Androscoggin values were used for the Sebasticook River) and compared to age-based Z estimates for
alewife (Figure 2.80) and blueback herring (Figure 2.81). Total mortality estimates for female and male
alewives exceed the maximum Zciapse benchmark in the Androscoggin River in 2013 and 2014,
respectively. The male estimate also exceeds the average Zcoiiapse benchmark in 2013. Empirical Z estimates
for male and female alewives in the Monument River exceed the average Zcoliapse benchmark in 2014 and
2015 and all but the female estimate in 2014 exceeded the maximum Zcaiapse benchmark, while the total
mortality estimates from the escapement model remain well below the minimum Zcjiapse benchmark. The
empirical male estimates exceeded the minimum Zcapse €Very year since the benchmark terminal year
except 2012. The total mortality estimate for female alewife in the Nemasket River exceeded the average
Zcoliapse benchmark in 2014 and the male estimate exceeded the minimum Zcoliapse benchmark in 2015. The
2011 empirical estimate for bluebacks (combined sexes) in the Chowan River exceeded the minimum
Zeoliapse benchmark, but declined to levels below this benchmark since. The SCA estimated total mortality
similar to the empirical estimates, below the Zciapse benchmarks, since 2012 while the SCA 2011 estimate
disagrees with the 2011 empirical estimate and is also well below the Ziiapse benchmarks. Empirical total
mortality estimates for all other rivers and years have been below the minimum Zcoiiapse benchmark since
the benchmark stock assessment.

2.10.1.3 Discussion

In recent years, the majority of the rivers examined were above the Zso%,m-07, With a few of those rivers
above the Zpase benchmarks as well. Conversely, Z estimates for a few rivers have declined to or near
time series lows. However, there is uncertainty in our estimates of current Z, due to ageing error, the
potential for violations in the assumptions of the Chapman-Robson method, such as constant recruitment,
and the deterioration of the SCA model for the Chowan River.

The SPR benchmarks were sensitive to assumptions about M, which is difficult to estimate empirically for
these species. However, results focused on here were from the higher natural mortality scenario.
Therefore Z estimates that exceeded reference points calculated with the higher natural mortality would
exceed the reference point calculated-with the lower natural mortality by an even greater amount.

Additionally, these benchmarks are sensitive to the selectivity pattern assumed for the fishing mortality.
A population can sustain a higher F if that F is applied to older, mature ages rather than juveniles. The F
in these analyses represents a combination of fishing and other anthropogenic and non-anthropogenic
sources of mortality, most of which we cannot quantify at the moment. Improving our understanding of
the selectivity patterns of these different sources of mortality would improve our benchmark estimates
as well as provide guidance on the best way to reduce excess mortality on these stocks.

3.0 CONCLUSIONS

Assessment of river herring along the U.S. Atlantic coast is difficult. River herring have a complex life
history and life history characteristics vary spatially among different river systems (Munroe 2002). Also,
factors that influence population dynamics differ among rivers, such as differences among agencies in
harvest regulations, the degree of historic habitat alterations, and potential sources of mortality such as
predation (Walter et al. 2003). The fate of river-specific stocks during marine migrations is still largely
unknown as is the stock composition of river herring in bycatch of ocean fisheries. Among-system
differences and uncertainty in the marine life stages of river herring combined with the great variation



in the amount, types, and quality of data collected by different agencies limited the types of assessment
methods used during the benchmark assessment and, subsequently, updated for this assessment.

Trend analyses and population models for a few rivers were evaluated to update generalizations about
the status of the coastwide river herring meta-population. For the benchmark stock assessment, the SAS
provided directions of recent abundance and total mortality trends by data set over the last five years of
the benchmark assessment data time series (2006-2010) and collective abundance trends by stock over
the last ten years. Directions of trends were determined with a consensus-based, expert opinion
framework based on both qualitative, visual inspection and quantitative, statistical tests such as the
Mann-Kendall test. For this update of the assessment, the SAS provided directions of recent trends with
the same framework applied to the last ten years of the update assessment data time series (2006-
2015) by abundance and total mortality data set and collectively by stock abundance. The SAS believes a
decadal time period is more reflective of true trends in river herring population parameters due to the
high interannual variability of data and the life span of the species. This period also encompasses the
majority of management actions taken specifically for river herring (i.e., pre-benchmark period
moratoria, ASMFC requirement of SFMPs in 2012). Recent trend designations include increasing,
decreasing, stable, no trend, unknown, and no returns. Stable indicates a relatively flat time series over
the time series evaluated. It does not indicate stock condition relative to other time periods. Stocks can
be stable at historically low levels. No trend indicates relatively high interannual variability, impeding
ability to differentiate between increasing, decreasing, or stable. Unknown indicates there was no river-
specific abundance data to evaluate the trend specifically for the stock. No returns indicates a stock
where fish stopped returning to the monitoring site(s). In addition to the recent trends evaluated during
the benchmark assessment and summarized in Table 1 of that assessment, the SAS summarized recent
trends of river herring on the northeast U.S. continental shelf based on data from the NEFSC bottom
trawl survey and the St. Johns River in Florida during this update. Trends for the northeast U.S.
continental shelf represent mixed stocks with unknown proportion contribution from river-specific
stocks and should not be interpreted as reflecting the trends of any individual river-specific stock(s).

Several data sets have been discontinued since the benchmark stock assessment, primarily commercial
CPUE and total harvest. Though fishery-independent data are typically preferred for assessment
purposes, the discontinued CPUE time series are from several rivers that lack fishery-independent
sampling. The SCA models for Nanticoke River river herring could not be updated due to moratoria on
commercial harvest and the stability of the SCA model for the Chowan River bluebacks has deteriorated,
partly due to reduced information coming from reduced harvest data. The SAS notes that, while
management measures taken that have impacted data collection since the benchmark stock assessment
were necessary, the reduced information has hindered the ability to draw conclusions from an
assessment update.

Recent trends in abundance data sets were variable, but generally showed no trend or, to a lesser
degree, increasing trends. No CPUE data sets reflected declining trends over the last ten years of the
update, with one of ten data sets showing an increasing trend and three showing no trend. Six were not
updated due to discontinuation or changes in methodology. No run counts reflected declining trends
over the last ten years with eleven of twenty nine showing increasing trends, fourteen showing no



trend, and four not being updated (two due to discontinuation and two due to agency
recommendation). One of sixteen YOY seine surveys indicated a declining trend over the last ten years,
two indicated increasing trends, and thirteen indicated no trend. One of twelve trawl surveys evaluated
with ARIMA indicated a declining trend over the last ten years, four indicated increasing trends, and
seven indicated no trend. The ranges of the probability of the final year of surveys being less than the
25™ percentile reference points decreased relative to the ranges estimated during the benchmark for
both species. Similarly to the benchmark, most of the fishery-independent indices indicate interannual
variation at low stock sizes and more time is needed to reflect large scale changes in abundance. As
noted in the benchmark assessment, the interannual variation observed may also be a factor of the high
mortality the stocks have experienced historically. Fishing effort has been shown to increase‘variation in
fish abundance through truncation of the age structure and recruitment becomes primarily governed by
environmental variation (Hsieh et al. 2006; Anderson et al. 2008). When fish species are at very low
abundances, as is believed for river herring, it is possible that the only population regulatory processes
operating are stochastic fluctuations in the environment (Shepherd and Cushing 1990).

Biological indicators from river herring generally suggest total mortality may be stable or increasing.
There have been no increasing trends in percent repeat spawners or mean length through the full data
time series and declining trends were detected for several rivers. Declines in mean length-at-age were
also observed in many rivers. Trends in maximum age have generally been stable. There have been no
increasing trends in empirical total mortality estimates over the last ten years, three trends have
declined, and ten have shown no trend. Only three trends have increased over the full time series. The
lack of trends in age-based Z estimates could be due in part to relatively short time series of data or
inconsistencies and uncertainties in aging methods through time. Also, age-based Z estimates were only
performed on data sets that had three or more year classes which may have eliminated some data sets
from these analyses that have experienced truncation of age distributions due to increasing mortality.
These different indicators of mortality‘are often in conflict within stocks, with stable or decreasing
empirical mortality estimates and decreasing mean length and/or percent repeat spawners.

River-specific three-year average total mortality estimates relative to Zo% and Zso% benchmarks were
variable relative to these comparisons from the benchmark assessment. Average mortality estimates
and benchmarks indicated deteriorating conditions (i.e., move from exceeding the Zso% to exceeding the
Za0% reference points) for four rivers, improved conditions (i.e., fall from above to below Z,y or fall from
above to belowZ40%) for four rivers, and no change for six rivers. Age-based total mortality estimates in
recent years were not available for four stocks due to the lack of returning fish (Winnicut River alewife
and blueback, Cocheco River blueback) or recent ageing error (Chowan River alewife). While all rivers
assessed in the benchmark stock assessment were above the Zs0% benchmark, two rivers assessed
during the update fell below the Z40% benchmark. There is no apparent latitudinal pattern as stocks that
appeared to deteriorate since the benchmark (Oyster blueback, Town alewife, Nanticoke alewife,
Chowan blueback) were spread along the coast and stocks that appeared to improve (Cocheco alewife,
Lamprey alewife, Mystic alewife, Nanticoke blueback) were also spread along the coast. Conditions even
changed within rivers between species (Nanticoke). While most total mortality estimates were below



Zeoiapse reference points, a few estimates in recent years exceed at least the minimum Zcojiapse reference
point.

Given the conflicting results from mortality indicators and uncertainty of total mortality estimates due
to ageing error, uncertain natural mortality estimates, and estimator assumptions, conclusions about
mortality remain uncertain. However, the comparison to reference points indicate that total mortality in
recent years may be unsustainable in some rivers.

The benchmark assessment concluded that river herring abundance had declined significantly as
evidenced by declines in commercial landings to less than 3% of the historical peaks in the late 1960s.
Reported coastwide commercial landings have remained relatively stable since the benchmark stock
assessment. Utility of these data for inferring about coastwide meta-population size have decreased due
to the number of moratoria that have been implemented since the benchmark. However, the level of
landings do not suggest any major changes since the benchmark stock assessment. Average incidental
catch since the benchmark stock assessment (227 mt) was less than 50% of the 2005-2010 average (496
mt). Estimates starting in 2005 are considered the most certain estimates as this was the period of time
when improvements in the NEFOP occurred in the high volume midwater trawl fisheries. Some unknown
fraction of the total incidental catch is reported by NMFS and included in the U.S. landings, making
direct comparisons uncertain. More specifically, the majority of river herring caught incidentally in the
midwater trawl fleets is retained, but an unknown proportion of this retained catch is reported as river
herring by the dealers. In a limited number of comparisens, some trips that listed river herring as landed
on the VTR reports did not list river herring on the corresponding dealer reports. Therefore, it is unclear
what proportion of reported landings is distinct from estimates of total incidental catch, making direct
comparisons difficult. The impact of this incidental catch upon stock status remains largely unknown.

In-river exploitation of alewives has continued to decline in the Damariscotta River with the lowest
levels occurring in the last five years, with the exception of very low values that occurred in the 1990s
(due to lack of harvest). In-river exploitation of alewives has remained relatively stable in the Union
River, but did decline to the lowest level of the time series in the terminal year of the update.
Exploitation has essentially’ceased on other rivers assessed during the benchmark due to moratoria (MA
rivers). Coastwide relative exploitation has continued to decline since the benchmark to the lowest
levels of the time series, as catches have continued to decline and biomass from the NEFSC bottom
trawl survey has increased.

In summary, updated trend analyses generally indicate similar conditions as observed in recent years of
the benchmark assessment and a more detectable response to restoration efforts will require more
time. The SAS reiterates that multiple factors are likely responsible for river herring decline such as
overfishing, inadequate fish passage at dams, predation, pollution, water withdrawals, acidification,
changing ocean conditions, and climate change. It is difficult to partition mortality into these possible
sources and evaluate importance in the decline of river herring. Thus, the recovery of river herring
needs to address multiple factors including anthropogenic habitat alterations, predation by native and
non-native predators, and exploitation by fisheries.



3.1 Stock Status

Though some positive signs were apparent through the update (e.g., few declining abundance trends by
data set in recent years), the information updated indicates that the status of the coastwide river-
herring meta-population being depleted to near historic lows remains unchanged since the benchmark
stock assessment. A depleted status indicates that there was evidence for declines in abundance due to
a number of factors, but the relative importance of these factors in reducing river herring stocks could
not be determined. Combined factors such as intense historic fishing pressure, continued exploitation
(both directed and incidental), ineffective fish passage resulting in the loss of riverine habitat, changing
ocean conditions due to climate change, and increased abundance of native and non-native predator
species are likely responsible for depleted river herring stocks and continue to hinder recovery of the
stocks. More work is needed to evaluate the synergistic effects of the many factors that may be
responsible for the decline in river herring.

Of the 54 in-river stocks of river herring for which data were available, 16 experienced increasing trends
over the ten most recent years of the update assessment data time series, 2 experienced decreasing
trends, 8 were stable, 10 experienced no discernible trend/high variability, and 18 did not have enough
data to assess recent trends, including 1 that had no returning fish. A majority of the increasing trends
occurred in the northeast which is also where there tends to be more data available. A majority of the
unknown and no trend designations occurred in the Mid-Atlantic and southeast. The SAS notes that
stocks included are due to data availability and don’t necessarily reflect stocks that are more important
than stocks not included in the assessment.

Overfished and overfishing status could not be determined for the coastwide stock complex, as
estimates of total biomass, fishing mortality rates and corresponding reference points could not be
developed.
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TABLES

Table 2.1. Annual reported coastwide commercial landings (lb) of river herring, 1887-2015.
Year Total Year Total Year Total Year Total
1887 21,952,075 1920 101,850 1953 46,535,253 1986 10,378,923
1888 22,641,527 1921 10,852 1954 48,153,600 1987 6,939,347
1889 18,297,800 1922 73,431 1955 41,952,500 1988 6,547,357
1890 16,480,263 1923 6,573,144 1956 48,394,404 1989 3,562,566
1891 0 1924 2,649,620 1957 53,767,400 1990 2,816,214
1892 3,651,000 1925 92,188 1958 70,334,100 1991 3,332,586
1893 0 1926 131,535 1959 45,326,300 1992 4,066,425
1894 0 1927 14,230,024 1960 50,204,218 1993 2,189,389
1895 0 1928 10,055,525 1961 54,610,885 1994 1,432,175

1896 5,356,000 1929 24,870,348 1962 56,521,722 1995 1,638,639
1897 20,420,770 1930 27,136,169 1963 59,713,801 1996 1,750,306
1898 2,900,000 1931 27,630,327 1964 49,652,734 1997 1,511,009

1899 0 1932 21,691,925 1965 69,431,946 1998 1,744,105
1900 0 1933 20,275,417 1966 65,075,187 1999 1,590,890
1901 0 1934 20,939,048 1967 62,510,234 2000 1,554,219
1902 15,550,475 1935 12,207,505 1968 57,966,781 2001 1,692,161
1903 0 1936 20,825,582 1969 58,237,135 2002 1,994,595
1904 501,438 1937 22,195,865 1970 40,166,957 2003 1,673,856
1905 5,138,225 1938 30,103,611 1971 32,655,990 2004 1,469,063
1906 0 1939 23,689,906 1972 32,618,493 2005 791,326
1907 0 1940 21,193,653 1973 23,093,126 2006 1,484,741
1908 15,211,711 1941 12,173,975 1974 26,837,288 2007 1,033,421
1909 111,334 1942 10,392,322 1975 28,748,865 2008 1,435,629
1910 0 1943 1,795,339 1976 15,714,244 2009 1,656,560
1911 0 1944 20,264,444 1977 14,496,457 2010 1,565,591
1912 0 1945 23,752,819 1978 14,321,259 2011 1,293,472
1913 92,175 1946 13,408,602 1979 11,074,915 2012 1,627,364
1914 0 1947 22,912,389 1980 11,656,881 2013 1,361,845
1915 0 1948 20,268,718 1981 6,304,996 2014 1,548,723
1916 21,762 1949 24,118,735 1982 13,432,844 2015 1,344,101
1917 49,935 1950 40,999,400 1983 11,524,000

1918 14,562,044 1951 50,408,400 1984 10,574,011
1919 3,064,000 1952 41,494,400 1985 14,321,083




Table 2.2 Reported landings (pounds) of river herring in ICNAF/NAFO Areas 5 and 6 by country.

Year Bulgaria Germany Poland USSR USA Grand Total
1967 0 0 0 14,356,355 57,220,393 71,576,748
1968, 0 0 0 49,184,626 55,141,455 104,326,081
1969 1,333,164 249,120 0 78,322,824 55,974,794 135,879,902
1970 1,481,491 418,874 0 42,083,609 36,047,415 80,031,389
1971 2,290,579 18,538,481 4,905,235 24,887,729 28,227,698 78,849,722
1972 1,128,755 7,674,213 4,162,285 14,755,388 2,707,249 30,427,890
1973 1,787,931 3,593,498 7,167,155 2,347,899 22,729,426 37,625,909
1974 1,704,156 5,862,031 2,398,605 1,042,776 24,490,901 35,498,469
1975 1,219,144 4,675,957 136,685 2,290,579 23,803,066 32,125,431
1976 564,378 2,777,796 30,864 537,922 14,290,217 18,201,177
1977 0 152,117 0 264,552 13,584,745 14,001,414
1978, 0 0 0 46,297 12,632,358 12,678,655
1979 0 0 0 26,455 9,607,647 9,634,102
1980 0 0 2,205 0 10,498,305 10,500,510
1981 0 0 22,046 0 7,087,789 7,109,835
1982 0 0 178,573 0 12,784,475 12,963,048
1983 0 0 169,754 0 9,224,046 9,393,800
1984 0 17,637 436,511 0 9,003,586 9,457,734
1985 0 50,706 346,122 0 2,206,805 2,603,633
1986 0 37,478 103,616 0 8,988,154 9,129,248
1987, 0 59,524 48,501 0 4,261,492 4,369,517
1988, 0 63,933 66,138 0 5,251,357 5,381,428
1989 0 50,706 52,910 0 3,362,015 3,465,631
1990 0 30,864 0 0 2,892,435 2,923,299
1991 0 0 0 0 2,925,504 2,925,504
1992 0 0 0 0 3,209,898 3,209,898
1993 0 0 0 0 551,150 551,150
1994 0 0 0 0 0 0
1995 0 0 0 0 0 0
1996 0 0 0 0 0 0
1997, 0 0 0 0 0 0
1998 0 0 0 0 0 0
1999 0 0 0 0 0 0
2000 0 0 0 0 0 0
2001 0 0 0 0 0 0
2002 0 0 0 0 284,393 284,393
2003 0 0 0 0 0 0
2004 0 0 0 0 0 0
2005 0 0 0 0 0 0
2006 0 0 0 0 0 0
2007, 0 0 0 0 315,258 315,258
2008, 0 0 0 0 286,598 286,598
2009 0 0 0 0 509,263 509,263
2010 0 0 0 0 0 0
2011 0 0 0 0 416,673 416,673
2012 0 0 0 0 105,822 105,822
2013 0 0 0 0 30,865 30,865
2014 0 0 0 0 2,205 2,205
2015 0 0 0 0 11,023 11,023

*: Italy, the Netherlands, Romania, and Spain also reported catch, but only in one or two years;
they are included in the Grand Total.



Table 2.3 Proportion of 2005-2015 incidental catch of river herring by region, fleet and quarter for the dominant gears.
BT Gillnet Paired MWT Single MWT Total MWT | Grand Total
Area fished Quarter sm med Ig sm Ig xlg
MA 1 0.027 0.001 0.001 0.000 0.000 0.000 0.229 0.051 0.280 0.309
MA 2 0.016 0.000 0.001 0.000 0.000 0.000 0.013 0.005 0.018 0.035
MA 3 0.038 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.040
MA 4 0.018 0.001 0.001 0.000 0.000 0.000 0.006 0.001 0.007 0.026
MA 0.099 0.002 0.003 0.000 0.000 0.000 0.248 0.057 0.305 0.409
NE 1 0.091 0.000 0.002 0.000 0.000 0.000 0.030 0.014 0.044 0.137
NE 2 0.049 0.000 0.002 0.000 0.000 0.000 0.045 0.040 0.085 0.136
NE 3 0.070 0.000 0.002 0.000 0.000 0.000 0.055 0.009 0.064 0.136
NE 4 0.059 0.000 0.002 0.000 0.000 0.000 0.099 0.022 0.120 0.181
NE 0.268 0.000 0.009 0.000 0.000 0.000 0.229 0.085 0.313 0.591
Total 0.367 0.003 0.011 0.000 0.000 0.000 0.477 0.142 0.619 1.000




Table 2.4 Species-specific total annual incidental catch (mt) and the associated coefficient of
variation across all fleets and regions. Midwater trawl estimates were only included
beginning in 2005.

Alewife American shad | Blueback herring Herring NK Hickory shad
Catch CV Catch CVv Catch CVv Catch CV Catch CV
1989 44.16 0.49 | 229.10 0.98 37.65 0.42 17.53 1.13 0.00
1990 101.63 0.85 45.20 0.34 170.01 0.45 681.30 0.59 0.00
1991 148.56 0.44 | 176.09 0.25 | 285.07 0.40 | 265.61 0.51 39.35 0.00
1992 65.74 0.43 | 168.95 0.28 | 1190.98 0.42 | 786.21 0.39 0.00
1993 381.05 242 | 211.34 1.00 | 745.60 0.28 135.86 4.83 0.00
1994 5.56 0.30 | 109.93 0.64 | 240.17 0.87 58.34 0.47 0.95 0.82
1995 8.44 0.61 127.43 0.38 | 348.33 0.44 99.87 1.23 0.53 0.64

1996 704.10 1.14 64.52 0.39 | 2800.04 2.09 451.39 0.39 | 22246 1.04
1997 49.42 1.36 65.95 0.61 | 1593.60 0.69 90.27 5.09 20.64 1.25
1998 145.64 1.47 | 161.03 0.23 76.81 1.52 228.12 2.08 | 479.82 0.72
1999 6.12 1.16 82.03 0.41 359.21 0.60 | 3457.27 0.74 | 208.75 0.94
2000 113.33 0.81 | 26443 0.77 109.57 0.45 70.86 0.78 2.41 0.76
2001 189.63 0.84 67.82 0.39 309.86 0.32 2.51 0.44 | 330.44 0.27

2002 435 3.35 43.81 0.40 269.14 0.33 124.05 1.88 1.87 0.83
2003 388.04 1.43 60.20 0.54 526.83 0.56 26.21 1.17 18.80 0.85
2004 163.18 0.64 53.06 0.36 231.67 0.46 237.06 0.74 | 401.75 1.13
2005 404.42 0.40 94.50 0.28 254.68 0.34 29.46 0.58 27.42 0.34
2006 78.73 0.83 78.23 9.73 190.78 0.66 267.81 1.10 25.07 0.78
2007 543.58 0.71 79.08 0.56 187.99 1.42 357.43 0.91 16.72 0.90
2008 159.16 0.42 74.04 0.29 539.32 0.56 | 1669.08 0.50 5.56 0.80
2009 154.22 0.26 | 106.70 1.99 195.41 0.30 352.25 0.66 11.70 0.79
2010 134.60 0.19 60.61 0.16 132.42 0.20 106.67 0.32 1.26 0.59
2011 96.53 0.34 | 103.32 0.12 28.19 0.30 125.99 0.28 0.09 0.77
2012 173.85 0.24 76.53 0.16 249.35 0.31 91.72 0.30 0.51 0.55

2013 238.95 0.33 73.48 0.41 28.92 0.46 75.08 0.69 0.42 0.76
2014 83.61 0.14 63.46 0.19 29.55 0.25 76.68 0.44 0.68 0.39
2015 123.66 0.31 46.40 0.15 82.44 0.48 40.47 0.75 2.46 0.77




Table 2.5 Trawl surveys for river herring. Only those surveys used in the benchmark assessment were included in ARIMA model analysis.

Species  Age Survey Season Duration n Index Units
Alewife  Adult DE Deleware River and Bay Adult finfish survey All 1966 - 2015 38 Arithmetic Mean Catch per Nautical Mile Towed
Agel DE Delaware River and Bay Juvenile finfish survey All 1991-2015 24 Geometric Mean Count Per Tow
Massachusetts DMF Inshore North Cape Cod Spring 1978 - 2015 38 Mean Number per Tow
Massachusetts DMF Inshore South Cape Cod Spring 1978 - 2015 38 Mean Number per Tow
All Ches. Bay Multispecies Monitoring and Assessment Program Spring 2002 - 2015 14 Number per square nautical mile
CT DEEP Long Island Sound Trawl Survey Fall 1984 -2015 32 Geometric Mean Count Per Tow
CT DEEP Long Island Sound Trawl Survey Spring 1984 -2015 32 Geometric Mean Count Per Tow
ME-MH Fall Inshore Gulf of Maine Fall 2000-2015 16 Stratified Mean Catch Per Tow
ME-MH Fall Inshore Gulf of Maine Spring 2001-2015 15 Stratified Mean Catch Per Tow
New Jersey Ocean Trawl Survey All 1989 -20015 27 Geometric Mean CPUE
NEFSC bottom trawl-Coast Fall 1975-2015 41 Mean number per tow
NEFSC bottom trawl-Coast Spring 1976-2015 40 Mean number per tow
NEFSC bottom trawl-North Spring 1976-2015 40 Mean number per tow
NEFSC bottom trawl-South Spring 1976 -2015 40 Mean number per tow
Northeast Area Monitoring and Assessment Program Fall 2007-2015 9 Number per 25K square miles
Northeast Area Monitoring and Assessment Program Spring 2008 -2015 8 Number per 25K square miles
Rhode Island Combined Coastal Trawl Survey All 1979-2015 37 Arithmetic Mean Catch Per Tow
YOY DE Delaware River and Bay Juvenile finfish survey All 1990- 2015 26 Geometric Mean Count Per Tow

North Carolina DMF Western Sound Summer-Fall 1982 -2015 34 Arithmetic Mean CPUE




Table 2.5 Continued.
Species  Age Survey Season Duration n Index Units
Blueback Adult DE Deleware River and Bay Adult finfish survey All 1966 - 2015 38 Arithmetic Mean Catch per Nautical Mile Towed
Agel DE Delaware River and Bay Juvenile finfish survey All 1991-2015 24 Geometric Mean Count Per Tow
Massachusetts DMF Inshore North Cape Cod Spring 1978 -2015 38 Mean Number per Tow
Massachusetts DMF Inshore South Cape Cod Spring 1978 - 2015 38 Mean Number per Tow
All Ches. Bay Multispecies Monitoring and Assessment Program Spring 2002 -2015 14 Number per square nautical mile
CT DEEP Long Island Sound Trawl Survey Fall 1984 -2015 32 Geometric Mean Count Per Tow
CT DEEP Long Island Sound Trawl Survey Spring 1984 - 2015 32 Geometric Mean Count Per Tow
ME-MH Fall Inshore Gulf of Maine Fall 2002-2015 14 Stratified Mean Catch Per Tow
ME-MH Fall Inshore Gulf of Maine Spring 2001-2015 15 Stratified Mean Catch Per Tow
New Jersey Ocean Trawl Survey All 1989-2015 27 Geometric Mean CPUE
NEFSC bottom trawl-Coast Fall 1975-2015 41 Mean number per tow
NEFSC bottom trawl-Coast Spring 1976-2015 40 Mean number per tow
NEFSC bottom trawl-North Spring 1976-2015 40 Mean number per tow
NEFSC bottom trawl-South Spring 1976-2015 40 Mean number per tow
Northeast Area Monitoring and Assessment Program Fall 2007 -20015 9 Number per 25K square miles
Northeast Area Monitoring and Assessment Program Spring 2008 -2015 8 Number per 25K square miles
Rhode Island Combined Coastal Trawl Survey All 1979-2015 37 Arithmetic Mean Catch Per Tow
YOY DE Delaware River and Bay Juvenile finfish survey All 1990-2015 26 Geometric Mean Count Per Tow
North Carolina DMF Western Sound Summer-Fall 1982 -2015 34 Arithmetic Mean CPUE




Table 2.6 Summary statistics from ARIMA model fits to alewife trawl survey data. Q0.25 is the 25th percentile of the fitted values;

P(<0.25) is the probability of the final year of the survey being below the bootstrapped mean Q0.25 with 80% confidence; rl - r3

are the first three autocorrelations; 0 is the moving average parameter; SE is the standard error of 8; and o2c is the variance of

the index.

Survey Season Age FinalYear n P(<0.25) Mean Qg ,:rl r2 r3 SE o7,

CT DEP Long Island Sound Trawl Survey Fall All 2015 32 0.057 -1.53847 -0.6 0.13 -0.1 0.8 0.1 1
CT DEP Long Island Sound Trawl Survey Spring All 2015 32 0.043 -0.27407 -0.4 -0.2 0.28 0.6 0.1 0.3
DE Delaware River and Bay Adult finfish survey All Adult 2015 38 0.007 -0.59043 -0.3 -0.2 0.28 1 0.1 0.9
DE Delaware River and Bay Juvenile finfish survey All Age 1 2015 25~ 0.381 -3.41287 -0.8 0.55 -04 08 0.1 25
DE Delaware River and Bay Juvenile finfish survey All Age 0 2015 26 0.017 -1.80505 -0.5 0.02 -0.1 1 06 22
Massachusetts DMF Inshore North Cape Cod Spring Age 1 2015 38 0.009 2.20236 -0.3 -0.3 0.21 09 0.1 11
Massachusetts DMF Inshore South Cape Cod Spring Age 1 2015 38 0.148 -0.39794 -0.5 0.13 -0.1 1 0.1 2
ME-NH Inshore Gulf of Maine Fall All 2015 16 0.001 5.59119 -0.2 -0.2 -0.2 0.7 0.2 0.2
ME-NH Inshore Gulf of Maine Spring All 2015 15 0 5.05178 -0.5 0.38 -04 06 0.2 0.2
New Jersey Ocean Trawl Survey All All 2015 27 0.404 1.03283 -04 -0.1 0.01 0.8 0.2 0.6
NEFSC bottom trawl-Coast Fall All 2015 41 0 0.53968 -0.5 0.01 -0.2 0.7 0.1 0.6
NEFSC bottom trawl-Coast Spring All 2015 40 0 194602 -0.2 -0.2 0.03 04 0.2 0.2
NEFSC bottom trawl-North Fall All 2015 41 0 0.8866 -0.5 0.01 -0.2 06 0.1 0.6
NEFSC bottom trawl-North Spring All 2015 40 0 183144 -04 0.01 -02 05 0.2 03
NEFSC bottom trawl-South Spring All 2015 40 0.271 135078 -0.3 -0.2 004 09 01 1.2
North Carolina DMF Western Sound Summer-Fall Age 0 2015 34 0.056 -2.3188 -0.3 -0.1 -01 04 03 34
Rhode Island Coastal Trawl Survey All All 2015 37 0 0.14138 -0.5 0.112 -03 05 01 15



Table 2.7 Summary statistics from ARIMA model fits to blueback herring trawl survey data. Q0.25 is the 25th percentile of the fitted
values; P(<0.25) is the probability of the final year of the survey being below the bootstrapped mean Q0.25 with 80%

confidence; rl - r3 are the first three autocorrelations; 0 is the moving average parameter; SE is the standard error of 6; and o2c

is the variance of the index.

Survey Season Age FinalYear n P(<0.25) Mean Qg ,:rl r2 r3 SE o7,

CT DEP Long Island Sound Trawl! Survey Fall All 2015 32 0.03 -0.28326 -04 -0.2 0.28 0.6 0.1 0.3
CT DEP Long Island Sound Trawl! Survey Spring All 2015 32 0.112 -2.12008 -0 0.03 0.02 04 0.2 1
DE Delaware River and Bay Adult finfish survey All Adult 2015 38 0 -2.82457 -0.4 0.13 -0.1 1 02 13
DE Delaware River and Bay Juvenile finfish survey All Age 1l 2015 25~ 0.067 -3.44167 -0.5 -0 0.03 09 0.2 18
DE Delaware River and Bay Juvenile finfish survey All Age 0 2015 26 0.436 -3.80433 -0.7 0.48 -04 0.7 0.1 1.2
Massachusetts DMF Inshore North Cape Cod Spring Age 1 2015 38 0.006 0.45707 -0.4 -0.2 0.03 1 01 15
Massachusetts DMF Inshore South Cape Cod Spring Agel 2015 38 0.264 -2.74304 -0.5 0.01 0.12 09 0.1 3.1
ME-NH Inshore Gulf of Maine Spring All 2015 15 0.241 2.80829 -0.5 0.03 -0 1 03 0.7
New Jersey Ocean Trawl Survey All All 2015 27 0.058 1.30298 -0.2 -0.4 0.05 1 01 0.2
NEFSC bottom trawl-Coast Fall All 2015 41 0 -2.80216 -0.5 0.11 0.07 0.7 0.1 2
NEFSC bottom trawl-Coast Spring All 2015 40 0 059159 -03 -0.3 032 06 0.2 0.7
NEFSC bottom trawl-North Fall All 2015 41 0 -2.54985 -0.5 0.13 0.04 0.7 0.1 23
NEFSC bottom trawl-North Spring All 2015 40 0 -0.34661 -0.4 -0 -0.2 0.7 01 0.9
NEFSC bottom trawl-South Fall All 2015 41 0 -4.54659 -0.2 -0.3 0 09 01 01
NEFSC bottom trawl-South Spring All 2015 40 0.005 1.0361 -04 -0.1 0.18 0.7 01 16
North Carolina DMF Western Sound Summer-Fall Age 0 2015 34 0.393 -0.84596 -0.1 -0.6 0.23 0.8 0.1 8.8
Rhode Island Coastal Trawl Survey All All 2015 37 0.342 0.21024 -04 -01 -0.1 0.8 0.1 2



Table 2.8 Summary of P(<0.25) values from Tables 1 & 2 comparing northern to southern trawl surveys for river herring. Coastwide NMFS
surveys were not included in this summary. N is the number of surveys included in each region.

Species Region n Min. Max. Median Average

Alewife North 7 0.000 0.148 0.009 0.037
South 5 0.007 0.464 0.056 0.173

Blueback North 6 0.006 0.342 0.177 0.166

South 5 0.000 0.540 0.067 0.191



Table 2.9 Results of the Mann-Kendall test for trends in mean length by river (state), species and
sex. n = sample size, S is the Mann-Kendall test statistics, and p is the two-tailed
probability. Significant results are bolded. The sign of the test statistic indicates the
direction of the trend. *Hudson River (NY) results are provided in the updated NY state
report due to changes in historical data between the benchmark and update

assessments.

River (State)* Species Sex n S p
Androscoggin River (ME) Alewife Male 25 -53 0.224
Female 25 -57 0.191
Cocheco River (NH) Alewife Male 25 -46 0.293
Female 25 -32 0.469
Blueback Male 21 -94 0.005
Female 22 -63 0.080
Exeter River (NH) Alewife Male 24 -94 0.021
Female 24 -66 0.107
Lamprey River (NH) Alewife Male 26 -11 0.826
Female 26 13 0.791
Oyster River (NH)  Blueback Male 25 -150 0.001
Female 25 -102 0.018
Winnicut River (NH) Alewife Male 12 2 0.308
Female 12 28 1.000
Blueback Male 12 -2 0.734
Female 12 -12 0.734
Monument River (NH) Alewife Male 30 -215 0.000
Female 30 -197 0.000
Blueback Male 30 -211 0.000
Female 30 -258 0.000
Nanticoke River (MD) Alewife Male 26 -105 0.022
Female 26 -95 0.038
Blueback Male 26 -207 0.000
Female 26 -225 0.000
Chowan River (NC) Alewife Male 39 -367 0.000
Female 38 -329 0.000
Blueback Male a4 -648 0.000
Female 44 -616 0.000

Santee-Cooper River (SC)

Commercial cast net  Blueback Male 19 -14 0.649
Female 19 48 0.099
Fishlift ~ Blueback Male 24 -46 0.263
Female 24 -68 0.095
St. John’s River (FL)  Blueback Male 18 -36 0.185
Female 18 -59 0.028




Table 2.10 Results of the Mann-Kendall test for trends in mean lengths of alewife and blueback
herring from the National Marine Fisheries bottom trawl survey by species and region. n
=sample size, S is the Mann-Kendall test statistics, and p is the two-tailed probability.
Significant results are bolded. The sign of the test statistic indicates the direction of the

trend.

Species Region n S p
Alewife Coastwide Spring 40 -386 0.0000
Alewife North Spring 40 -258 0.0028
Alewife South Spring 40 -376 0.0000
Alewife Coastwide Fall 41 -162 0.0706
Alewife North Fall 41 -162 0.0706
Alewife South Fall
Blueback Coastwide Spring 40 -8 0.9350
Blueback North Spring 40 -26 0.7708
Blueback South Spring 40 112 0.1959
Blueback Coastwide Fall 37 -225 0.0034
Blueback North Fall 37 -225 0.0034
Blueback South Fall 2 1 1.0000




Table 2.11 Results of the Mann-Kendall test for trends in mean length by river (state), species, sex
and age. n = sample size, S is the Mann-Kendall test statistics, and p is the two-tailed
probability. Significant results are bolded. The sign of the test statistic indicates the
direction of the trend.

[ Time Series 2006-2015
River (State) Species  Sex Age | n S p n S p
Cocheco River (NH)  Alewife Female 3 13 -19 0.271 3 1 1.000

25 -112  0.010 10 -9 0.474
25 -126  0.004 10 3 0.858
24 -42 0309 10 29 0.012

25 -49  0.262 10 31 0.007
24 -150  0.000 9 6 0.602
25 -132 0.002 10 23 0.049
25 -92  0.034 10 33 0.004

Male

4
5
6
Male 3 20 -82  0.009 7 1 1.000
4 25 -122  0.005 10 -7 0.592
5 25 -158  0.000 | 10 1 1.000
6 24 -60 0.143 10 23 0.049
Blueback Female 3 1 -3 0.876 0 0 1.000
4 19 -78  0.007 5 -8 0.086
5 15 -53  0.010 2 1 1.000
6 10 -31  0.007 4 -2 0.734
Male 3 13 -38  0.024 2 1 1.000
4 20 -98  0.002 5 -6 0221
5 15 -59  0.004 3 -3 1.000
6 8 -18  0.035 2 -1 1.000
Exeter River (NH) Alewife  Female 3 13 -28  0.100 5 -4 0.462
4 23 -105  0.006 9 6 0.602
5 24 -58  0.157 10 25 0.032
6 23 -34 0383 10 13 0.283
Male 3 17 -82  0.001 6 -5 0.452
4 24 -118  0.004 10 -5 0.721
5 24 -56 0.172 10 25 0.032
6 21 -18  0.608 9 32 0.001
Blueback Female 3 6 -5 0.452 1 0 1.000
4 12 -33  0.028 3 3 1.000
5 13 -15 0.392 3 -1 1.000
6 10 -31  0.007 3 -1 1.000
Male 3 13 -36 0.033 4 2 0.734
4 16 -39 0.087 5 0 1.000
5 15 -63  0.002 4 0 1.000
6 10 -24  0.037 3 2 1.000
Lamprey River (NH)  Alewife Female 3 15 -77  0.000 4 -6 0.089
4 25 -173  0.000 10 -1 1.000
5 26 -131  0.004 | 10 5 0.721
6 25 -14  0.761 10 13 0.283
Male 3 19 -88  0.002 7 4 0.649
4 26 -185  0.000 10 3 0.858
5 26 -75 0.103 10 17 0.152
6 24 -26 0.535 10 17 0.152
Blueback Female 3 3 -3 1.000 1 0 1.000
4 5 0 1.000 2 1 1.000
5 3 -1 1.000 1 0 1.000
6 2 -1 1.000 1 0 1.000
Male 3 5 0 1.000 4 2 0.734
4 5 -6 0.221 2 -1 1.000
5 7 -11 0.133 4 -4 0.308
6 2 -1 1.000 2 -1 1.000
Oyster River (NH) Alewife  Female 3 7 -6 0.448 5 0 1.000
4 11 -7 0.640 7 7 0.368
5 11 7 0.640 8 20 0.019
6 8 0 1.000 6 9 0.133
Male 3 9 -12 0.251 6 3 0.707
4 11 -2 0.938 7 12 0.095
5 12 0 1.000 8 16 0.063
6 9 12 0.251 7 11 0.133
Blueback Female 3 21 -120  0.000 8 4 0.711
4 25 -95  0.028 10 32 0.005
5 25 -144  0.001 10 21 0.074
6
3
4
5
6 20 -52 0.098 8 0 1.000
Winnicut River (NH)  Alewife  Female 3 8 -6 0.536 2 -1 1.000
4 11 -35  0.008 3 -3 1.000
5 11 -21 0.119 4 2 0.734
6 11 -6 0.696 4 -2 0.734
Male 3 12 -30 0.047 4 2 0.734
4 12 -24  0.115 4 4 0.308
5 11 -23  0.087 4 6 0.089
6 11 -15 0.276 4 -2 0.734
Blueback Female 3 9 -1 1.000 2 1 1.000
4 11 -27  0.043 3 1 1.000
5 10 -21  0.074 3 1 1.000
6 9 -14  0.175 3 -1 1.000
Male 3 11 -20  0.138 3 3 1.000
4 12 -18  0.244 4 2 0.734
5 12 -30 0.047 4 4 0.308
6 9 -5 0.675 3 3 1.000




Table 2.11 Continued.
[ Time Series 2006-2015
River (State) Species  Sex Age| n S p n S p
Monument River (MA) Alewife  Female 3 21 39 0.251 10 27 0.020
4 23 27 0.492 10 17 0.152
5 23 37 0.342 10 5 0.721
6 21 24 0.487 9 -2 0.917
Male 3 23 -9 0.833 10 21 0.074
4 23 7 0.874 10 11 0.371
5 23 37 0342 10 -3 0.858
6 20 14 0.673 7 -11 0.133
Blueback Female 3 18 15 0.596 10 19 0.107
4 24 -32 0.442 10 29 0.012
5 24 -84  0.040 10 15 0.210
6 15 -15 0.488 6 5 0.452
Male 3 24 24 0568 | 10 19  0.107
4 24 48 0.244 10 23 0.049
5 24 54 0.189 10 9 0.474
6 13 -7 0.714 6 -4 0.566
Gilbert-Stuart (RI) Alewife  Female 3 10 -7 0.592 4 2 0.734
4 15 -5 0.843 9 16 0.118
5 15 8 0.729 9 9 0.402
6 15 7 0.767 9 2 0.917
Male 3 15 10  0.656 9 21 0.036
4 15 -32 0.123 9 21 0.033
5 15 -7 0.767 9 12 0.251
6 * * * * * *
Nonquit (RI) Alewife  Female 3 11 -6 0.241 5 0 1.000
4 15 -3 0.921 9 18 0.076
5 15 20 0346 9 29  0.003
6 15 20 0346 9 23 0.021
Male 3 14 -13 0.511 8 14 0.108
4 15 -1 1.000 9 28 0.005
5 15 1 1.000 9 20 0.048
6 8 5 0.618 7 12 0.095
Nanticoke (MD) Alewife  Female 3 23 -5 0.916 8 7 0.454
4 26 -13 0.791 9 -3 0.834
5 26 -71  0.123 9 -12 0.251
6 26 -112  0.014 9 -5 0.675
Male 3 26 -134  0.003 9 -4 0.754
4 26 -163  0.000 9 -14  0.175
5 26 -103  0.025 9 0 1.000
6 26 -80  0.081 9 -6 0.602
Blueback Female 3 22 -61  0.090 8 6 0.536
4 26 -50  0.280 9 6 0.602
5 26 -70  0.128 9 0 1.000
6 26 -88  0.055 9 4 0.754
Male 3 26 -135  0.003 9 4 0.754
4 25 -122  0.005 8 -2 0.902
5 26 -151  0.001 9 4 0.754
6 23 -143  0.000 7 -1 1.000
Chowan (NC)* Alewife  Female 3 12 -51  0.001 NA NA NA
4 29 -236  0.000 NA NA NA
5 30 -279  0.000 NA NA NA
6 29 -206  0.000 NA NA NA
Male 3 25 -175  0.000 NA NA NA
4 32 -331  0.000 NA NA NA
5 30 -235  0.000 NA NA NA
6 30 -237 0.000 | NA NA NA
Blueback Female 3 29 -268  0.000 7 -11  0.133
4 a4 -592  0.000 10 9 0.474
5 a4 -501  0.000 10 19 0.107
6 a3 -484  0.000 9 14 0.175
Male 3 43 -601  0.000 10 5 0.721
4 a4 -660 0.000 10 7 0.592
5 44 -499 0.000 | 10 27  0.020
6 41 -347  0.001 9 16 0.118

*Chowan (NC) alewife results from the 2012 Benchmark Assessment.




Table 2.12 Summary of fisheries-independent data sources that have collected repeat spawner
data from river herring. Species indicates whether data were available for alewives (A),
blueback herring (B), or both species combined (river herring, R).
Years

State Water Body Gear Species From To

Maine Androscoggin River Fishway R 2005 20014
New Hampshire | Cocheco River Fishway A B 2000 2015
New Hampshire | Exeter River Fishway A B 2000 2015
New Hampshire | Lamprey River Fishway A 2000 2015
New Hampshire | Oyster River Fishway B 2000 215

New Hampshire | Taylor River Fishway B 2000 2005
New Hampshire | Winnicut River Fishway A 2000 2010
Massachusetts Mattapoisett River Dip Net A 2006 2006
Massachusetts Monument River Dip Net AB 1986 1987
Massachusetts Monument River Dip Net AB 1993 1993
Massachusetts Monument River Dip Net A B 1995 2015
Massachusetts Mystic River Dip Net A B 2004 2010
Massachusetts Nemasket River Dip Net A 2004 2013
Massachusetts Quashnet River Dip Net A B 2004 2004
Massachusetts Stoney Brook Dip Net A 2004 2004
Massachusetts Town Brook Dip Net A B 2004 2013
Rhode Island Gilbert Stuart Stream Fishway R 1984 2015
Rhode Island Nonquit Pond Fishway R 2000 2015
New York Hudson River Various, Combined B 1989 1990
New York Hudson River Various, Combined A B 1999 2001
New York Hudson River Various, Combined A B 2009 2015
South Carolina Santee River Pound Net B 1978 1978
South Carolina Santee River Haul Seine B 1979 1979
South Carolina Santee River Gill Net B 1980 1983




Table 2.13 Summary of fisheries-dependent data sources that have collected repeat spawner data
from river herring. Species indicates whether data were available for alewives (A),
blueback herring (B), or both species combined (river herring, R).

Years

State Water Body Gear Species From To

Maryland Nanticoke River Pound & Fyke Nets A B 1989 2014
North Carolina Alligator River Pound Net A B 1972 1993
North Carolina Chowan River Pound Net A 1972 2009
North Carolina Chowan River Pound Net B 1972 2015
North Carolina Scuppernong River Pound Net A B 1972 1993

Table 2.14 Estimated rates of repeat spawning for river herring (alewives and blueback herring

combined) observed in Maine's fisheries-independent fishway survey of the
Androscoggin River by year.

Maine
Fishway
Year Androscoggin River
2005 47.3
2006 57.9
2007 56.5
2008 24.0
2009 415
2010 18.0
2011 20.0
2012 135
2013 27.2
2014 22.0




Table 2.15 Estimated rates of repeat spawning for male and female alewives observed in New
Hampshire’s fisheries-independent fishway survey of the Cocheco, Exeter, Lamprey and
Winnicut Rivers by year.

New Hampshire
Fishway
Cocheco Exeter Lamprey Winnicut
Year River River River River
2000 32.1 10.6 46.2 46.2
2001 43.6 37.5 58.6 58.6
2002 46.2 19.2 63.3 63.3
2003 30.6 38.9 51.4 51.4
2004 69.6 36.4 54.9 54.9
2005 54.2 21.9 51.6 51.6
2006 50.6 37.5 59.8 59.8
2007 31.2 17.5 57.1 57.1
2008 29.6 9.0 32.9 32.9
2009 30.4 11.7 50.8 50.8
2010 65.3 18.8 63.0 63.0
2011 42.7 111 47.6
2012 58.7 33.9 45.6
2013 48.8 28.6 53.7
2014 56.6 48.6 57.4
2015 37.5 27.0 57.8




Table 2.16 Estimated rates of repeat spawning for blueback herring (both sexes combined)
observed in New Hampshire’s fisheries-independent fishway surveys of the Cocheco and
Oyster Rivers by year. [-- indicates inadequate sample size.]

New Hampshire
Fishway

Cocheco  Oyster
Year River River

2000 44.00 34.97

2001 40.00 64.58

2002 20.75 36.17

2003 24.00 51.01

2004 41.18 69.53

2005 20.00 50.00

2006 12.50 42.55

2007 31.34 37.99

2008 37.50 27.59

2009 -- 38.66
2010 -- 52.56
2011 46.8
2012 56.5

2013 0.0 20.0




Table 2.17 Estimated rates of repeat spawning for male alewife observed in Massachusetts’
fisheries-independent dipnet surveys in select rivers by year. Scale processing was
discontinued at all sites other than the Monument River after 2013.

Massachusetts
Dip Net

Mattapoisett | Monument Mystic Nemasket | Quashnet | Stoney | Town
Year River River River River River Brook | Brook
1986 38.6
1987 41.1
1988
1993 22.7
1995 5.2
1996 23.9
1997 22.0
1998 28.7
1999 12.2
2000 9.8
2001 17.8
2002 31.2
2003 18.8
2004 6.5 324 43.9 4.6 121 16.9
2005 3.7 30.0 33.8 9.7
2006 2.86 4.9 0.0 9.7 44
2007 6.2 6.7 11.9 22.8
2008 12.6 15.7 20.1 323
2009 10.2 20.7 17.5 32.0
2010 6.7 143 15.9 16.7
2011 9.0 224 26.4 24.6
2012 5.9 33.9 15.4 27.4
2013 4.1 16.0 20.9 30.9
2014 10.9
2015 4.7




Table 2.18 Estimated rates of repeat spawning for female alewife observed in Massachusetts’
fisheries-independent dipnet surveys in select rivers by year. Alewife scale processing
was discontinued at all sites other than the Monument River after 2013.

Massachusetts
Dip Net

Mattapoisett | Monument Mystic Nemasket | Quashnet | Stoney | Town
Year River River River River River Brook | Brook
1986 453
1987 43.6
1988
1993 19.6
1995 7.9
1996 18.2
1997 28.6
1998 413
1999 10.8
2000 7.6
2001 13.8
2002 28.7
2003 121
2004 1.4 35.7 431 7.06 20.6 13.8
2005 7.6 8.33 18.8 18.4
2006 4.17 15.8 0.0 9.7 7.9
2007 8.4 12.7 13.5 16.9
2008 14.9 24.5 21.6 29.5
2009 135 28.6 304 31.1
2010 13.3 154 22.8 20.7
2011 16.0 353 26.4 229
2012 11.8 46.1 19.5 36.7
2013 11.9 22.1 17.0 29.1
2014 12.8
2015 6.2




Table 2.19

Estimated rates of repeat spawning for male blueback herring observed in

Massachusetts, New York and South Carolina fisheries-independent surveys in select

rivers by year and gear type.

Year

Massachusetts

New York

South Carolina

Monument
River

Dip Net

Mystic
River

Quashnet
River

Town
Brook

Various,
Combined

Hudson River

Pound
Net
Santee
River

Haul
Seine
Santee
River

Gill Net

Santee
River

Cast Net

Santee
River

1978

31.6

1979

1980

10.0

1981

30.7

1982

25.3

1983

9.18

1984

1985

1986

21.6

1987

20.0

1988

1989

35.1

1990

214

1991

1992

1993

1994

1995

1996

1997

1998

1999

214

2000

6.33

2001

11.7

2002

2003

2004

6.25

100

2005

8.00

5.71

2006

13.80

20.91

2007

6.17

17.72

2008

5.56

27.39

2009

3.53

12.96

40.6

2010
2011
2012
2013
2014
2015

1.25
7.0
15.1
4.0

12.85
19.7
48.9
10.0

20.3

16.5

10.6

7.8

19.7

26.9

25.0

29.6




Table 2.20 Estimated rates of repeat spawning for female blueback herring observed in
Massachusetts, New York and South Carolina fisheries-independent surveys in select
rivers by year and gear type.

Massachusetts New York South Carolina
Various, Pound Haul
Dip Net Combined Net Seine Gill Net Cast Net

Year | Monument Mystic Quashnet = Town Santee Santee Santee Santee

River River River Brook Hudson River River River River River
1978 27.8
1979 30.0
1980 17.1
1981 19.5
1982 33.7
1983 27.2
1984
1985
1986 38.5
1987 38.7
1988
1989 24.6
1990 21.3
1991
1992
1993
1994
1995
1996
1997
1998
1999 22.9
2000 13.6
2001 12.9
2002
2003
2004 4.17 100
2005 5.00 2.70 0
2006 14.29 16.13
2007 1.47 15.49
2008 5.97 35.71
2009 541 11.76 254
2010 1.49 15.25 30.3
2011 6.1 21.2 28.6
2012 115 51.8 21.3
2013 6.5 17.8 21.9
2014 35.1 30.4
2015 48.1 30.3




Table 2.21 Estimated rates of repeat spawning for male river herring observed in Rhode Island’s
fisheries-independent fishway surveys in select rivers by year.

Rhode Island
Fishway
Gilbert Stuart | Nonquit
Year Stream Pond
1984 24.7
1985 26.8
1986 814
1987
1988 16.4
1989 27.3
1990
1991 17.0
1992 16.5
2000 20.9 115
2001 18.8 5.26
2002 13.0 6.76
2003 6.58 15.6
2004 5.41 3.77
2005 4.44 0
2006 10.0 3.09
2007 7.06 8.18
2008 17.02 14.12
2009 13.43 20.27
2010 6.25
2011 12.3 13.3
2012 17.9 6.7
2013 17.2 10.2
2014 16.7 15.6
2015 25.7




Table 2.22 Estimated rates of repeat spawning for female river herring observed in Rhode Island’s
fisheries-independent fishway surveys in select rivers by year.

Rhode Island
Fishway
Gilbert Stuart | Nonquit
Year Stream Pond
1984 20.5
1985 31.4
1986 58.1
1987
1988 56.8
1989 29.3
1990
1991 36.6
1992 59.3
2000 19.0 16.7
2001 23.4 15.2
2002 26.2 11.3
2003 10.3 15.2
2004 11.1 6.06
2005 5.71 12.0
2006 34.4 0
2007 3.6 5.13
2008 25.6 25.0
2009 3.3 13.1
2010 9.09
2011 27.4 22.6
2012 11.8 10.5
2013 33.3 52
2014 11.5 13.4
2015 34.1




Table 2.23 Estimated rates of repeat spawning for male and female alewife observed in New York’s
fisheries-independent surveys in the Hudson River by year.
New York
Various Gear,
Combined
Hudson River
Year Male Female
1999 39.0 75.0
2000 4.08 154
2001 11.9 34.9
2009 25.2 42.2
2010 19.9 49.5
2011 17.9 31.7
2012 28.5 33.0
2013 20.2 40.8
2014 38.1 48.2
2015 49.1 64.0




Table 2.24 Estimated rates of repeat spawning for male alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. [-- indicates inadequate sample
size and X indicates data excluded due to ageing error (see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net
Year
Nanticoke River Alligator River Chowan River Scuppernong River
1972 77.8 36.5 47.0
1973 40.5 27.0 34.1
1974 135 4.55
1975 20.3 41.7 10.1
1976 20.2 40.4 14.9
1977 28.2 13.8 22.7
1978 37.9 13.8 0
1979 65.1 28.2 20.0
1980 38.6 42.4 36.7
1981 20.5 211 15.4
1982 28.7 28.4 51.0
1983 36.6 26.7 30.0
1984 18.8 325 21.7
1985 61.1 15.0
1986 30.2 37.9
1987 0 0 0
1988 38.5 27.5 35.7
1989 57.8 325 16.7 26.5
1990 67.1 36.7 - 68.4
1991 44.6 28.5 66.7 25.0
1992 52.7 14.9 26.3 10.3
1993 62.4 17.4 - 10.1
1994 50.8 -
1995 45.5
1996 35.1
1997 52.3
1998 51.5
1999 63.6 40.0
2000 314 20.3




Table 2.24

Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Nanticoke River Alligator River Chowan River Scuppernong River
2001 50.0 48.1
2002 70.4 57.4
2003 64.6 20.0
2004 41.2 39.7
2005 343 59.5
2006 72.0 13.0
2007 25.0 29.6
2008 59.1 20.3
2009 31.0 35.7
2010 32.0 X

2011 57.1 X

2012 26.2 X

2013 27.9 X

2014 23.9 X

2015 X




Table 2.25 Estimated rates of repeat spawning for female alewife observed in Maryland and North
Carolina’s fisheries-dependent surveys by river and year. [-- indicates inadequate sample
size and X indicates data excluded due to ageing error (see state report)]

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Alligator Chowan | Scuppernong

Nanticoke River River River River
1972 46.7 51.3 58.3
1973 43.4 37.3 56.8
1974 12.1 0
1975 30.4 41.7 11.3
1976 22.6 68.2 14.3
1977 26.5 20.5 25.2
1978 45.3 39.2 0
1979 65.6 39.5 33.3
1980 78.8 57.3 52.0
1981 41.3 35.5 45.5
1982 19.7 31.3 37.8
1983 28.3 31.7 21.9
1984 27.0 32.0 12.5
1985 43.3 19.5
1986 27.6 45.8
1987 0 -- 0
1988 53.7 20.8 28.6
1989 63.0 42.9 9.09 29.6
1990 73.9 50.9 -- 63.2
1991 55.5 48.5 86.7 45.2
1992 57.7 39.6 51.7 58.7
1993 75.5 40.0 -- 11.8
1994 66.7 --
1995 55.4
1996 58.7
1997 61.2
1998 57.6
1999 74.2 --
2000 41.8 25.5
2001 67.7 345
2002 84.9 42.3
2003 83.5 36.7
2004 66.1 52.3
2005 58.6 57.1
2006 84.8




Table 2.25 Continued.

Maryland North Carolina
Pound & Fyke Net Pound Net
Alligator Chowan | Scuppernong

Year Nanticoke River River River River
2007 55.0 57.9

2008 71.8 30.0

2009 58.2 39.5

2010 65.9 X

2011 60.2 X

2012 58.4 X

2013 56.5 X

2014 27.6 X

2015 X




Table 2.26 Estimated rates of repeat spawning for male blueback herring observed in Maryland and
North Carolina’s fisheries-dependent surveys by river and year.

Maryland North Carolina
Pound
Net Pound Net
Nanticoke | Alligator | Chowan | Scuppernong

Year River River River River
1972 55.2 43.1 35.9
1973 41.2 43.7 13.8
1974 41.3 21.2
1975 15.2 6.99
1976 21.6 33.8 10.3
1977 41.8 184 214
1978 23.9 15.3
1979 64.0 20.6
1980 0 50.5 34.3
1981 374 14.3
1982 29.3 30.8
1983 66.7 33.9 21.8
1984 7.41 20.8 18.8
1985 28.6 42.7 45.6
1986 53.3 31.0
1987 11.0 0

1988 0 19.8 6.25
1989 66.5 22,6 18.4
1990 81.6 243 414
1991 66.0 9.09 18.6 45.8




Table 2.26 Continued.

1992 75.2 35.0 42.9
1993 82.7 63.3 23.1
1994 51.3 34.1
1995 55.0 41.7
1996 56.1 32.6
1997 85.8 22.2
1998 70.8 38.2
1999 69.0 53.3
2000 40.7 42.7
2001 52.9 38.6
2002 67.2 45.1
2003 63.8 41.1
2004 30.4 36.6
2005 25.0 23.2
2006 73.1 13.7
2007 13.2 53.2
2008 36.1 5.5
2009 29.0 21.7
2010 27.3 14.1
2011 39.3 47.3
2012 22.4 47.4
2013 38.9 46.4
2014 30.7 27.0
2015 52.8




Table 2.27 Estimated rates of repeat spawning for female blueback herring observed in Maryland
and North Carolina’s fisheries-dependent surveys by river and year.

Maryland North Carolina
Pound & Fyke Net Pound Net

Year Nanticoke River Alligator River Chowan River Scuppernong River
1972 61.9 44.0 321
1973 38.2 46.9 233
1974 48.1 20.6
1975 28.6 9.64
1976 39.7 424 233
1977 384 214 35.7
1978 19.3 17.5
1979 77.8 375
1980 20.0 57.9 34.1
1981 47.6 20.0
1982 36.2 25.0
1983 21.4 37.1 44.1
1984 13.0 375 19.4
1985 0 48.1 46.3
1986 52.6 42.6
1987 1.69 0
1988 25.0 36.0 36.8
1989 67.3 333 27.3
1990 83.4 27.0 44.4
1991 73.9 50.0 31.6 61.5
1992 74.7 31.3 14.3




Table 2.27 Continued.
1993 80.7 64.5 353
1994 56.2 23.3
1995 40.0 41.9
1996 61.0 46.2
1997 77.8 47.9
1998 67.1 43.3
1999 81.5 59.7
2000 41.2 66.4
2001 41.8 37.4
2002 65.9 27.4
2003 48.6 36.8
2004 44.4 35.6
2005 20.0 25.8
2006 54.8 22.9
2007 35.0 65.7
2008 43.8 26.8
2009 28.6 37.6
2010 40.0 31.0
2011 50 51.3
2012 38.2 54.7
2013 333 51.0
2014 39.7 23.6
2015 48.4




Table 2.28

Spawner-per-recruit Z benchmarks and terminal year estimates of Z by river system.

Benchmark

o o o 0

Year State River Species  Sex Z (1\Z/I4: %/;) (1\242:(())/;) (1\Z/I4: %/;) (1\242:%/;)
2014 Androscoggin Alewife  Male 2.56 0.47 0.62 0.93 1.12
2014 ME |Androscoggin Alewife Female | 0.92 0.47 0.62 0.93 1.12
2015 Sebasticook Alewife Male 1.73 0.47 0.62 0.93 1.12
2015 Cocheco Alewife  Male 0.185 0.46 0.6 0.92 1.11
2015 Cocheco Alewife Female | 0.54 0.46 0.6 0.92 1.11
2015 Lamprey Alewife  Male 0.71 0.46 0.6 0.92 1.11
2015 NH Oyster Blueback Male 2.83 0.48 0.64 0.95 1.15
2015 Oyster Blueback Female 0.8 0.48 0.64 0.95 1.15
NA Winnicut Alewife  Male NA 0.46 0.6 0.92 1.11
NA Winnicut Alewife Female NA 0.46 0.6 0.92 1.11
NA Winnicut Blueback Female NA 0.48 0.64 0.95 1.15
2015 Monument Alewife  Male 3.52 0.46 0.61 0.92 1.11
2015 Mystic Alewife  Male 1.14 0.46 0.61 0.92 1.11
2015 Nemasket Alewife  Male 2.13 0.46 0.61 0.92 1.11
2015 MA Town Alewife Male 1.93 0.46 0.61 0.92 1.11
2015 Monument Alewife Female | 2.87 0.46 0.61 0.92 1.11
2015 Mystic Alewife Female | 0.93 0.46 0.61 0.92 1.11
2015 Nemasket Alewife Female 1.97 0.46 0.61 0.92 1.11
2015 Town Alewife Female | 0.89 0.46 0.61 0.92 1.11
2014 RI Gilbert-Stuart Alewife ~ Both 1.78 0.48 0.64 0.94 1.14
2015 Nonquit Alewife  Both 1.88 0.48 0.64 0.94 1.14
2014 Nanticoke Alewife  Male 1.74 0.46 0.61 0.93 1.13
2014 MD Nanticoke Alewife Female 1.55 0.46 0.61 0.93 1.13
2014 Nanticoke Blueback Male 1.2 0.47 0.61 0.92 1.11
2014 Nanticoke Blueback Female 1.61 0.47 0.61 0.92 1.11
NA Chowan Alewife  Both NA 0.48 0.62 0.93 1.12
NA NC Albemarle FI Alewife  Both NA 0.48 0.62 0.93 1.12
2015 Chowan Blueback Both 1.28 0.47 0.62 0.92 1.11
NA Albemarle FI Blueback Both NA 0.47 0.62 0.92 1.11




Table 2.29

Estimates of Fcollapse, Ucollapse, and Zcollapse for alewife by river and method.

River Method Years Ta a(bs) Fooy Uy  Zoy
Androscoggin C & G M1 038 102 133 074 233
ME M3 155 146 077 246
Damariscotta’ C& G S-R 1949-1989 197 200 086 3.00
ME Ml 1997-2004 0.23 56 106 065 206
M3 155 146 077 246
M4 1977-2010 108 094 061 164
Union C&G Ml 047 143 159 080 259
ME Ml 1993-2001 0.16 42 098 062 198
M3 155 146 077 246
Cocheco Ml 1999-2003 0.36 94 129 072 229
NH M3 155 146 077 246
M5 1976-2004 298 183 084 253
Lamprey C&G SR 197 190 085 290
NH C&GMI 048 152 163 080 263
Ml 1996-2004 0.25 60 109 066 209
M3 155 146 077 246
M5 1972-2004 609 248 092 318
Monument C&GM2 161 080 261
MA Ml 1980-1996 0.10 32 093 060 193
Ml 2006-2010 0.20 49 102 064 179
M3 155 146 077 246
M4 1983-2006 165 129 072 199
Nemasket Ml 2005-2010 0.25 6.0 109 061 2.09
MA M3 155 146 077 246
Wankinco Ml 2007-2010 038 102 133 074 233
MA M3 155 146 077 246
Annaquatuc- C& GS-R 88 110 067 210
ket RI C& GMI 047 147 159 080 259
M3 155 146 077 246
Gilbert-Stuart M1 1985-1989 038 102 133 074 233
RI Ml 1993-2000 0.36 94 128 072 228
M3 155 146 077 246

'Age and repeat spawner data from the Androscoggin River were used for the Damariscotta River to
generate the recruitment and female spawning stock biomass data for 1977-2010 used 1n the M5 method.



Table 2.30

Estimates of Fcollapse, Ucollapse, and Zcollapse and required parameters for blueback
herring by river and method.

River Method Years L a(dbs) Fou  Uen  Zoa
Connecticut C & GS-R 282 220 0389 3.20
T C&GMI 055 201 191 085 291
Chowan C&GS-R 1.7 1.80 083 2.80
NC M4 102 091 0.60 1.61
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Figure 2.3 Normalized CPUE (catch-per-unit-effort) data for river herring in the Hudson River (NY), Delaware Bay (NJ), Nanticoke River (MD)

and the Potomac River (PRFC) by year and gear type. Loess smooths are shown as indications of general trends.
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Figure 2.4 Normalized CPUE (catch-per-unit-effort) data for river herring in the Chowan River (NC), Cooper River (SC) and Santee River

Diversion Canal (SC) by year and gear type. Loess smooths are shown as indications of general trends.
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New Hampshire by river and year.
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Figure 2.9 Plots of normalized run counts of alewife and blueback herring from

Massachusetts by river and year.
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Figure 2.10 Plots of normalized run counts of alewife and blueback herring from Rhode

Island by river and year.
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both species were counted together.
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Figure 2.20 Locations of rivers used in the 2003-2010 cluster analysis. Both in the legend refers to

sites where both species were counted separately and combined refers to sites where both species were
counted together.
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Figure 2.23 Locations of rivers used in the 2008-2015 cluster analysis. Both in the legend refers to
sites where both species were counted separately and combined refers to sites where both species were
counted together.
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Figure 2.24 Normalized YOY indices of relative abundance for alewife from seine surveys.
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Normalized YOY indices of relative abundance for blueback herring from seine surveys.
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Figure 2.26 Results of cluster analysis of YOY seine indices of relative abundance, 1980-2015.
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Autoregressive integrated moving average (ARIMA) model fits to log transformed alewife trawl survey indices from the NEFSC
bottom trawl survey. The dotted horizontal lines correspond to the bootstrapped mean 25th percentile of the fitted values

(Q0.25). Text on the graphs represents the probability of the last year of the survey being less than Q0.25 [P(<0.25)], the season
of the trawl survey, and the ages of alewife in the trawl survey.
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Autoregressive integrated moving average (ARIMA) model fits to log transformed blueback herring trawl survey indices from
southern regions. The dotted horizontal lines correspond to the bootstrapped mean 25th percentile of the fitted values (Q0.25).
Text on the graphs represents the probability of the last year of the survey being less than Q0.25 [P(<0.25)], the season of the
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Figure 2.36 Mean lengths of male and female alewife by river and year.
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Figure 2.37 Mean lengths of male and female blueback herring by river and year.
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Figure 2.42 Mean lengths-at-age of male and female blueback herring from New

Hampshire, Massachusetts, and Maryland by sex, river, age and year.
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Figure 2.45. Annual repeat spawner rates for alewife observed in fisheries-independent
surveys in New Hampshire by water body and year.
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Figure 2.46. Annual repeat spawner rates for alewives observed in fisheries-independent
surveys in Rhode Island by water body, sex, and year.
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Figure 2.47. Annual repeat spawning rates for alewives observed in fisheries-dependent
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Figure 2.48. Annual repeat spawner rates for blueback herring observed in fisheries-
dependent surveys of the Nanticoke River, MD by sex and year.



Alligator

100
90
80
70
60
504
40
301
20
10

0-

Chowan

100
90
80
70
60
50
401
30
20
10

Percentage Repeat Spawners

[=]
L

O Male
- Female

Scuppernong

1004
90
80
70
60
50
404
30
201
10

0-

1970

Figure 2.49.

1930 19490 2000 2010
Year

Annual repeat spawner rates for alewives observed in fisheries-dependent
pound net surveys in North Carolina by water body, sex, and year. Updated data
for the Chowan River (2010-2015) were determined to be unreliable due to
ageing error (see state report) and were not included in the Mann-Kendall test.
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Figure 2.50. Annual repeat spawner rates for blueback herring observed in fisheries-
dependent pound net surveys in North Carolina by water body, sex, and year.
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Figure 2.51 Age-based estimates of total instantaneous mortality (Z) for alewife from Maine

by river, sex, and year. Linear or loess smooths are drawn to indicate trend.
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year. Linear or loess smooths are drawn to indicate trend.
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smooths are drawn to indicate trend.
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Figure 2.54. Age-based estimates of total instantaneous mortality (Z) for blueback herring

from Massachusetts by river, sex, and year. Linear or loess smooths are drawn
to indicate trend.
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Figure 2.55. Age-based estimates of total instantaneous mortality (Z) for blueback herring

from New York by river, sex, and year. Linear or loess smooths are drawn to
indicate trend.
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Figure 2.56. Age-based estimates of total instantaneous mortality (Z) for alewife and

blueback herring from Maryland by river, sex, and year. Linear or loess smooths
are drawn to indicate trend.
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Figure 2.57.
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Age-based estimates of total instantaneous mortality (Z) for alewife and blueback herring (sexes combined) from North Carolina
by river. Linear or loess smooths are drawn to indicate trend.
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Figure 2.58. Age-based estimates of total instantaneous mortality (Z) for blueback herring

(sexes combined) from South Carolina. Linear or loess smooths are drawn to
indicate trend.
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Figure 2.59
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Figure 2.60. Repeat spawner-based estimates of total instantaneous mortality (Z) for

blueback herring from Massachusetts by year, sex and river from
Massachusetts. Linear or loess smooths are drawn to indicate trend.
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Figure 2.61. Repeat spawner-based estimates of total instantaneous mortality (Z) for alewife
(sexes combined) from Rhode Island by river and year. Linear or loess smooths
are drawn to indicate trend.
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and female alewife and blueback herring by year, sex and river from New York.

Linear or loess smooths are drawn to indicate trend.
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Figure 2.64. Repeat spawner-based estimates of total instantaneous mortality (Z) for alewife and blueback herring from North Carolina by

river, sex and year. Linear or loess smooths are drawn to indicate trend.
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Figure 2.65 Repeat spawner-based estimates of total instantaneous mortality (Z) for

blueback herring from South Carolina by river, sex and year. Linear or loess
smooths are drawn to indicate trend
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Figure 2.66 In-river exploitation rates for river herring from Massachusetts (Mattapoisett,

Monument, and Nemasket) and Maine (Damariscotta and Union) rivers, 1977-
2015. In-river exploitation rates are of both river herring species combined in
the Monument River and only alewives in all other rivers.

Damariscotta Union
1.0
0.5
z
ju]
o
C
2 06 A
L]
°
o
>
L
5 047
=
o
=
0.2
0.0
T T T T T T T T T T
2011 2012 2013 2014 2015 201 2012 2013 2014 2015
Year
Figure 2.67 In-river exploitation rates for alewives from Maine rivers since the benchmark

stock assessment terminal year. SFMPs were required starting in 2012.
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Figure 2.68 Minimum swept area estimates of total river herring biomass from NEFSC spring

bottom trawl surveys (1976 — 2015).
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Figure 2.69 Total catch of river herring estimated from total reported landings plus total
incidental catch using hindcasting methods.
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Figure 2.70 Relative exploitation of river herring (1976 — 2015)
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Empirical estimates of Z for ME alewife by river for different values of M.

Dashed lines represent Zouspr and Zaguser benchmarks.
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Figure 2.72 Empirical estimates of Z for NH alewife by river for different values of M. Dashed

lines represent Zaouspr and Zaouspr benchmarks.
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Figure 2.76. Empirical estimates of Z for MD alewife by river for different values of M.

Dashed lines represent Zyouspr and Zaowser benchmarks.
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Figure 2.78 Empirical estimates of Z for NC alewife by river for different values of M. Dashed
lines represent Zyouspr and Zaouspr benchmarks.
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Figure 2.81 Plots of age-based Z estimates from the Chapman-Robson estimator (xs) and

SCA model (solid line) for blueback herring in the Cowan River, NC compared to
the minimum/maximum (dotted lines) and average (dashed line) Zcoiapse Values.



APPENDIX 1. Summary of available river herring fisheries-independent and fisheries-

dependent data.
State River Time series By species Harvest Age Length Weight Repeat Spawner | FIAdult | FIJAI | FD CPUE
Damariscotta 1943-2015
St. George 1943-2015
Union 1975-2015
ME Orland 1943-2015
Androscoggin 1983-2015
Sebasticook 2000-2015
Merrymeeting Bay/Tribs 1979-2015
Gulf of Maine 2000-2015
Exeter/Squamscott 1991-2015 o
Lamprey 1991-2015 o
Winnicut 1991-2015 o
NH Oyster 1991-2015 o
Cocheco 1991-2015 o
Taylor 1991-2015 o
Great Bay Estuary 1997-2015 x x x
N i 1988-2015 [ [ o
M 1980-2015 o o o
Nemasket 1996-2015 [ [ o
Parker 1971-1978,2000-2015 o o
Town 2000-2015
MA Agawam 2006-2015 o o
Back 2007-2015
Charles 2008-2015
Mystic 2004-2015
Quashnet 2004
Stony Brook 1978-2004 [ [ o o o
Gilbert Stuart 1981-2015 o
Nonquit 1999-2015 o
Buckeye Brook 2003-2015
RI Pawcatuck 1988-2015 X X X X o
Ocean waters 1979-2015
Naragansett Bay 1988-2015
Coastal ponds 1992-2015
Bride Brook 1966-1967,2003-2015 o
or Connecticut River 1975-2015 o o
Farmington River 1976-2015
Thames River 1996-2015
NY Hudson 1975-2015 o [ o o o [ o o
DE,NJ, PA Delaware River 1980-2015 o o o o o o o
Delaware Bay 1966-2015 o o o o [ o o
Nanticoke 1959-2015 o o o o o o
MD 3 1972-2015 o X
Chesapeake Bay 1959-2015 o o
MD, VA, DC_|Potomac River 1959-2015 o o o o
James 1966-2015 o o o o o o o
VA \ ) 1966-2015 o o o o o o o o
York 1966-2015 o o o o o o [ o
NC Albemarle Sound 1972-2015 o o o
Chowan River 1972-2015 o
‘Wynah Bay X
sc Santee-Cooper 1969-2015 o o o o o o X
Savannah River X
Ashley-Combahee-Edisto Basin X
Altamaha River 2010 X
GA Ogeechee River 2010 X
Savannah River 2010 X
FL___|St John's River 20012015 | NSR | |
_ Data available for entire time-series
0 Data available for part of the time-series
X Data available, but not reliable enough for assessment use
Data not available




APPENDIX 2. Commercial and Recreational River Herring Regulations as of June 1,

2017.

State River Moratorium Commercial Regs Recreational Regs
Long Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Winnegance Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Sebasticook River Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Narraguagus River Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Pleasant River Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Mill Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Gardiner Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Ellsworth Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Great Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Card Mill Stream Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons

ME West Bay Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Nequasset Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Dyer-Long Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Damariscotta Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Orland River Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Pennimaquan Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Peirce Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Boyden Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Flanders Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Tunk Lake Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Webber Pond Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
St. George River Harvest 4 days/week through 6/5; biological samples 25 fish/day, gear restrictons
Exeter/Squamscott Harvest 2 days/week, 1 tote/person/day
Lamprey Harvest 6 days/week

NH Winnicut Harvest 6 days/week
Oyster 2012
Cocheco Harvest 6 days/week
Taylor Harvest 6 days/week, closed area
Mattapoisett 2005
Monument 2005
Nemasket Harvest 5 days/week; 20 fish/permit
Parker 2005
Town 2005

MA Agawam 2005
Back 2005
Charles 2005
Mystic 2005
Quashnet 2005
Stony Brook 2005




State River Moratorium Commercial Regs Recreational Regs
Gilbert Stuart 2006
Nonquit 2006
Buckeye Brook 2006
RI Pawcatuck 2006
Ocean waters 2006
Naragansett Bay 2006
Coastal ponds 2006
Bride Brook 2002
cT Connecticut River 2002
Farmington River 2002
Thames River 2002
NY Hudson 10 fish/person or 50 fish/boat
Delaware River 2012
DE,NJ,PA Delaware Bay 2012
Nanticoke 2012
MD Susquehanna 2012
Chesapeake Bay 2012
MD, VA, DC |Potomac River 2010 50 1b bycatch allowance
James 2012
VA Rappahannock 2012
York 2012
NC Albemarle Sound 2007
Chowan River 2007
Winyah Bay 2012
Waccamaw 2012
Little Pee Dee 2012
sc Black 2012
Great Pee Dee Gear Restrictions, lift period; annual harvest up to 1,000 kg 1 bushel/day
Santee-Cooper 10 bushels/boat/day, gear restrictions 1 bushel/day
Ashepoo-Combahee-Edisto 2012
Savannah 2012
Altamaha River 2012
GA Ogeechee River 2012
Savannah River 2012
FL St. Mary's River 2012
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REVIEW OF THE ASMFC FISHERY MANAGEMENT PLAN FOR
SHAD AND RIVER HERRING (Alosa spp.)

I Status of the Fishery Management Plan

Date of FMP Approval: October 1985

Amendments: Amendment 1 (April 1999)
Amendment 2 (August 2009)
Amendment 3 (February 2010)

Addenda: Technical Addendum #1 (February 2000)
Addendum | (August 2002)

Management Unit: Migratory stocks of American shad, hickory shad,
alewife, and blueback herring from Maine through Florida

States With Declared Interest: Maine through Florida, including the Potomac River
Fisheries Commission and the District of Columbia

Active Boards/Committees: Shad & River Herring Management Board, Advisory Panel,
Technical Committee, Stock Assessment Subcommittee,
Plan Review Team, Plan Development Team

The 1985 Fishery Management Plan (FMP) for Shad and River Herring was one of the very first
FMPs developed at the ASMFC. Amendment 1 was initiated in 1994 to require and recommend
specific monitoring programs to inform future stock assessments—it was implemented in
October 1998. A Technical Addendum to Amendment 1 was approved in 1999 to correct
technical errors.

The Shad and River Herring Management Board (Board) initiated Addendum | in February 2002
to change the conditions for marking hatchery-reared alosines; clarify the definition and intent
of de minimis status for the American shad fishery; and modify and clarify the fishery-
independent and dependent monitoring requirements. These measures went into effect on
January 1, 2003.

In August 2009, the Board initiated Amendment 2 to restrict the harvest of river herring
(blueback herring and alewife) due to observed declines in abundance. The Amendment
prohibited commercial and recreational river herring fisheries in state waters beginning January
1, 2012, unless a state or jurisdiction has a sustainable management plan reviewed by the
Technical Committee and approved by the Board. The Amendment defines a sustainable fishery
as “a commercial and/or recreational fishery that will not diminish the potential future stock
reproduction and recruitment.” Amendment 2 required states to implement fisheries-
dependent and independent monitoring programs. Sustainable fishery management plans have
been approved by the Management Board for Maine, New Hampshire, Massachusetts, New
York, North Carolina and South Carolina (Table 1).
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In February 2010, the Board initiated Amendment 3 in response to the 2007 American shad
stock assessment, which found most American shad stocks at all-time lows. The Amendment
requires similar management and monitoring as developed in Amendment 2 (for river herring).
Specifically, Amendment 3 prohibits shad commercial and recreational fisheries in state waters
beginning January 1, 2013, unless a state or jurisdiction has a sustainable management plan
reviewed by the Technical Committee and approved by the Board. The Amendment defines a
sustainable fishery as “a commercial and/or recreational fishery that will not diminish the
potential future stock reproduction and recruitment.” The Amendment allows any river systems
to maintain a catch and release recreational fishery. Sustainable fishing plans have been
approved by the Board for Florida, Georgia, South Carolina, North Carolina, the Potomac River
Fisheries Commission, and the Delaware River Basin Fish Cooperative (on behalf of New York,
Delaware, New Jersey, and Pennsylvania) and Connecticut (Table 1). All states and jurisdictions
are also required to identify local significant threats to American shad critical habitat and
develop a plan for mitigation and restoration. All states and jurisdictions habitat plans have
been accepted and approved.

Table 1. States with approved sustainable fishery management plans (SFMP) for river herring
or shad. Includes year of Board approval and year the Board approved the updated! SFMP.

State River Herring SFP Shad SFP
. Approved
Maine (2010, 2017)
Approved

New Hampshire (2011, 2015)

Massachusetts Approved (2016)

Connecticut Approved (2012)
Rhode Island
. Approved*

Pennsylvania (2012)
Approved*

New York Approved (2011) (2012)
Approved*

New Jersey (2012)
Approved*

Delaware (2012)

PRFC Approved (2012)

Maryland

Virginia

North Carolina Approved (2010) Approved (2012)
South Carolina Approved (2010) Approved (2011)
Georgia Approved (2012)
Florida Approved (2011)
*Delaware River Basin Fish and Wildlife Management Co-op has a Shad SFP, though Delaware and New
Jersey are only states that have commercial fisheries. All states have recreational measures, with limited to
no catch in the upper Delaware River (New York & Pennsylvania).




1 SFMPs have to be updated and re-approved by the Board every five years.

Il.  Status of the Stocks

While the FMP addresses four species: two river herrings (blueback herring and/or alewife)
and/or two shads (American shad and/or hickory shad)—these are collectively referred to as
shad/river herring, or S/RH.

The most recent American shad stock assessment report (ASMFC 2007) identified that American
shad stocks are highly depressed from historical levels. Of the 24 stocks of American shad for
which sufficient information was available, 11 were depleted relative to historic levels, 2 were
increasing, and 11 were stable (but still below historic levels). The status of 8 additional stocks
could not be determined because the time-series of data was too short or analyses indicated
conflicting trends.

Taken in total, American shad stocks do not appear to be recovering. The assessment
concluded that current restoration actions need to be reviewed and new ones need to be
identified and applied. These include fishing rates, dam passage, stocking, and habitat
restoration. There are no coastwide reference points for American shad. There is no stock
assessment available for hickory shad. A stock assessment update is scheduled for 2018 to
analyze American shad stock status.

The most recent river herring stock assessment report (ASMFC 2012) indicated, of the 24 river
herring stocks for which sufficient data are available to make a conclusion, 23 were depleted
relative to historic levels and one was increasing. The status of 28 additional stocks could not be
determined because the time-series of available data was too short.

Estimates of coastwide abundance and fishing mortality could not be developed because of the
lack of adequate data. The “depleted” determination was used instead of “overfished” because
of the many factors that have contributed to the declining abundance of river herring, which
include not just directed and incidental fishing, but likely also habitat issues (including dam
passage, water quality, and water quantity), predation, and climate change. There are no
coastwide reference points. A stock assessment update is scheduled for 2017 to analyze river
herring stock status.

Ill. Status of the Fisheries

Shad and river herring formerly supported important commercial and recreational fisheries
throughout their range. Historically fishing took place in rivers (both freshwater and saltwater),
estuaries, tributaries, and the ocean. Although recreational harvest data are scarce, most
harvest is believed to come from the commercial industry. Commercial landings for these
species have declined dramatically from historic highs. The following summarizes each fishery:

AMERICAN SHAD:



Total combined river and ocean commercial landings decreased from a high of 2,364,263
pounds in 1985 to a low of 1,390,512 pounds in 1999, but increased in 2000 to 1,816,979
pounds. The 2005 closure of the ocean-intercept fishery (phase out started in 2000) has
substantially lowered the coastwide total landings of American shad. The total landings
reported in compliance reports from individual states and jurisdictions in 2015 was 478,688
pounds, which is a 38% decrease from landings in 2014 (776,586 pounds) (Table 2)

Landings from North Carolina and South Carolina accounted for 20% and 54% of the
commercial harvest, respectively, in 2015. The remainder of the harvest came from Maine,
Connecticut, New York, New Jersey, Delaware, PRFC, Virginia, and Georgia. In 2015 New
Hampshire, Massachusetts, Rhode Island, Maryland, District of Columbia and Florida reported
no directed shad harvest in their state compliance reports.

Substantial shad recreational fisheries occur on the Connecticut (CT and MA), Delaware (NY, PA
and NJ), Susquehanna (MD), Santee and Cooper (SC), Savannah (GA), and St. Johns (FL) Rivers.
Shad recreational fisheries are also pursued on several other rivers in Massachusetts, District of
Columbia, Virginia, North Carolina, South Carolina, and Georgia. Tens of thousands of shad are
caught by hook and line from large east coast rivers each year, but detailed creel surveys are
generally not available. Actual harvest (catch and removal) may amount to only about 20-40%
of total catch, but hooking mortality could boost this “harvest” value substantially. Several
comprehensive angler use and harvest surveys are planned or have been recently completed.
In October 2006, the Management Board suspended the requirement to monitor the
recreational fishery.

Since 2009, MRFSS/MRIP data are no longer provided for American shad. This is a result of the
unreliable design of MRFSS/MRIP that focuses on active fishing sites along coastal and
estuarine areas. In previous years the proportional standard error (PSE) has ranged from 0-100.

HICKORY SHAD:

In 2015, North Carolina, South Carolina, and Georgia reported hickory shad landings. North
Carolina accounts for a vast majority of the landings with 97%. The coastwide commercial
landings continue to increase, 153,263 pounds in 2015, a 29% increase from 2014 landings
(119,118 pounds) (Table 2).

RIVER HERRING (BLUEBACK HERRING/ALEWIFE COMBINED):

Commercial landings of river herring declined 95% from over 13 million pounds in 1985 to
about 700 thousand pounds in 2005. Recent commercial landings continue to increase, despite
North Carolina restricting the commercial harvest of river herring in 2015. In 2015, river herring
landings were reported from Maine, Massachusetts, New York, and South Carolina, totaling
2,005154 pounds, a 9% increase from 2014 landings of 1,844,821 pounds (Table 2).



Table 2. Shad and river herring in-river commercial and ocean bycatch landings (in pounds)
provided by states, jurisdictions and NOAA Fisheries for 2015.

American River Herring Hickory
Shad Shad
Maine” 1,295,998
New Hampshire
Massachusetts 10,000
Rhode Island
Connecticut 51,004
New Yorkn 5,879
New Jersey 9,418
Pennsylvania
Delaware 21,733
Maryland
D.C.
PRFC 1,889
Virginia 1,185 97
North Carolina 98,118 148,714
South Carolina 258,927 693,232 902
Georgia 36,414 3,551
Florida
Total 478,688 2,005,109 153,264

A Portions of Maine and New York landings are confidential and not shown

Iv. Status of Research and Monitoring

Under Amendment 2 (2009) and Amendment 3 (2010), fishery-independent and fishery-
dependent monitoring programs became mandatory for select rivers. Juvenile abundance index
(JAI) surveys, annual spawning stock surveys (Table 3), and hatchery evaluations are required
for select states and jurisdictions. States are required to calculate mortality and/or survival
estimates, and monitor and report data relative to landings, catch, effort, and bycatch. States
must submit annual reports including all monitoring and management program requirements,
on or before July 1 of each year.



Table 3. American shad and river herring passage counts at select rivers along the Atlantic
coast in 2015. This table includes the fish passage counts that are required by Amendments 2
and 3, it represents a sub-set the overall fish passage counts.

State/River | Shad | River Herring
Maine
Androscoggin 58 71,887
Saco 6,171 53,891
Kennebec 26 91,850
Sebasticook 47 2,157,983
Penobscot 782,521
St. Croix 93,503
New Hampshire
Cocheco 64,456
Exeter 5,562
Oyster 1,803
Lamprey 69,843
Taylor
Winnicut 0
Massachusetts
Merrimack | 89,427 | 128,692
Rhode Island
Gilbert Stuart 11,135
Nonquit 32,330
Buckeye Brook 15,333
Connecticut River
Holyoke Dam | 412,656 | 0
Pennsylvania/Maryland/Delaware
Susquehanna (Conowingo) | 8,341 13
Susquehanna (Holtwood) | 5,286 2

Susquehanna (Safe
Harbor) | 3,896

Susquehanna (York Haven) 43

South Carolina

St. Stephen Dam | 85,417 244,631
Total 2015 611,368 3,825,435
Total 2014 426,073 3,031,753
Total 2013 776,162 2,922,985
Total 2012 205,928 2,493,322
Total 2011 307,793 3,152,748




Note: Passage numbers on Susquehanna River are cumulative. For example, any shad counted at the York Haven
dam has also passed the previous three dams (Safe Harbor, Holtwood and Conowingo). The dams are listed in
ascending order of passage mile.

In addition to the mandatory monitoring requirements stipulated under Amendments 2 and 3,
some states and jurisdictions continue important research initiatives for these species. For
example, Massachusetts, Pennsylvania, Delaware, Maryland, District of Columbia, Virginia,
North Carolina, South Carolina, and USFWS are actively involved in shad restoration using
hatchery-cultured fry and fingerlings. All hatchery fish are marked with oxytetracycline marks
on otoliths to allow future distinction from wild fish. During 2015, several jurisdictions reared
American shad, stocking a total of 21,034,024 American shad (Table 4).

Table 4. Stocking of Hatchery-Cultured Alosines in State Waters, 2015.

State American Shad Alewife

Maine

Androscoggin River

Kennebec River

Union River
Massachusetts
Merrimack River 2,300,000
Nashua River
Charles River 1,700,000
Rhode Island
Pawcatuck River 1,400,000
Pawtuxet River 900,000

Pennsylvania
Susquehanna River 1,994,571

Lehigh River 247,649
Schuykill River 198,855
Maryland
Choptank River | 1,129,000 |
District of Columbia
Anacostia River | 0 |
Virginia

James River [ 3,540,734 [
North Carolina

Roanoke River | 4,816,360 |
South Carolina
Edisto River
Santee River 2,806,855
Total 21,034,024 0




V. Status of Management Measures

All state programs must implement commercial and recreational management measures or an
alternative program approved by the Management Board (Table 1). The current status of each
state's compliance with these measures is provided in the Shad and River Herring Plan Review
Team Report (enclosed).

Shad and river herring are currently managed under Amendments 2 and 3. In 2009 the Board
approved Amendment 2, which was initiated in response to concerns over river herring stock.
The amendment prohibits commercial and recreational fisheries in state waters beginning
January 1, 2012, unless a state or jurisdiction submits a sustainable fishery management plan
and receives approval from the Board. Sustainable fishery management plans (SFMP) have
been approved by the Management Board for Maine, New Hampshire, Massachusetts, New
York, North Carolina and South Carolina (Table 1).

In 2010, the Board approved Amendment 3, which was initiated in response to concerns over
shad stocks. The Amendment requires similar management and monitoring as developed in
Amendment 2, specifically the development of a SFMP for any jurisdiction that will maintain a
commercial or recreational fishery after January 1, 2013 (with the exception of catch and
release recreational fisheries). SFPs have been approved by the Management Board for Florida,
Georgia, South Carolina, North Carolina, the Potomac River Fisheries Commission (PRFC),
Connecticut and the Delaware River Basin Cooperative (on behalf of New York, Delaware, New
Jersey, and Pennsylvania) (Table 1).

States are required to update their SFMP every five years. In 2017, states will review their
current SFMPs and, if necessary, make changes based on fishery performance or observations
(e.g., revise the sustainability targets). At minimum, states will update the data for their
commercial and/or recreational fisheries and recommend the current sustainability measures
be carried forward in the next plan. The Technical Committee will review all SFMPs and make
recommends to the Board. The timeline for states to present SFMPs to the Board are as
follows:

2017 SFMP Timeline

February Board Meeting
- Maine (RH)
- Delaware River Basin Cooperative (Shad)
- New York (RH)

August Board Meeting
- PRFC (shad)
- South Carolina (shad and RH)
- Georgia (shad)
- Florida (shad)



October Board Meeting
- North Carolina (shad)
- Connecticut (shad)

V. Prioritized Research Needs

Fishery-Dependent Priorities

High

e Expand observer and port sampling coverage to quantify additional sources of mortality for
alosine species, including bait fisheries, as well as rates of bycatch in other fisheries to
reduce uncertainty.!

Moderate

e |dentify directed harvest and bycatch losses of American shad in ocean and bay waters of
Atlantic Maritime Canada.

Low
e |dentify additional sources of historical catch data of the US small pelagic fisheries to better
represent earlier harvest of river herring and improve model formulation.

Fishery-Independent Priorities
Moderate
e Develop demersal and pelagic trawl CPUE indices of offshore river herring biomass.

Modeling / Quantitative Priorities

High

e Conduct population assessments on river herring, particularly in the south.?

e Analyze the consequences of interactions between the offshore bycatch fisheries and
population trends in the rivers.

e Quantify fishing mortality for major river stocks after ocean closure of directed fisheries
(river, ocean bycatch, bait fisheries).

e Improve methods to develop biological benchmarks used in assessment modeling
(fecundity-at-age, sex specific mean weight-at-age, partial recruitment vector/maturity
schedules) for river herring and American shad of both semelparous and iteroparous stocks.

e Improve methods for calculating M.

Moderate

e Consider standardization of indices with a GLM to improve trend estimates and uncertainty
characterization.

e Explore peer-reviewed stock assessment models for use in additional river systems as more
data become available.

L A prior statistical study of observer allocation and coverage should be conducted (see Hanke et al. 2012).
2 A peer reviewed river herring stock assessment was completed in 2012 by the ASMFC.
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Low

Develop models to predict the potential impacts of climate change on river herring
distribution and stock persistence.

Life History, Biological, and Habitat Priorities
High

Conduct studies to quantify and improve fish passage efficiency and support the
implementation of standard practices.

Assess the efficiency of using hydroacoustics to repel alosines or pheromones to attract
alosines to fish passage structures. Test commercially available acoustic equipment at
existing fish passage facilities. Develop methods to isolate/manufacture pheromones or
other alosine attractants.

Investigate the relationship between juvenile river herring/American shad and subsequent
year class strength, with emphasis on the validity of juvenile abundance indices, rates and
sources of immature mortality, migratory behavior of juveniles, and life history
requirements.

Develop an integrated coastal remote telemetry system or network that would allow tagged
fish to be tracked throughout their coastal migration and into the estuarine and riverine
environments. UPDATE: currently available for American shad but not in use due to tagging
mortality

Continue studies to determine river herring population stock structure along the coast and
enable determination of river origin of catch in mixed stock fisheries and incidental catch in
non-targeted ocean fisheries. Spatially delineate mixed stock and Delaware stock areas
within the Delaware system. Methods to be considered could include otolith
microchemistry, oxytetracycline otolith marking, genetic analysis, and/or tagging.?

Validate the different values of M for river herring and American shad stocks through shad
ageing techniques and repeat spawning information.

Continue to assess current ageing techniques for river herring and American shad, using
known-age fish, scales, otoliths, and spawning marks. Conduct biannual ageing workshops
to maintain consistency and accuracy of ageing fish sampled in state programs.*
Summarize existing information on predation by striped bass and other species. Quantify
consumption through modeling (e.g., MSVPA), diet, and bioenergetics studies.

Refine techniques for tank spawning of American shad. Secure adequate eggs for culture
programs using native broodstock.

Moderate

Determine the effects of passage barriers on all life history stages of American shad and
river herring. Conduct studies on turbine mortality, migration delay, downstream passage,
and sub-lethal effects. UPDATE: Recent studies have been conducted by T. Castro-Santos of
UMass.

Evaluate and ultimately validate large-scale hydroacoustic methods to quantify river herring
and American shad escapement in major river systems.

Conduct studies of egg and larval survival and development.

3 Genetic research currently underway in combination with otolith chemistry.
4 River herring ageing workshop occurred in 2013.
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Conduct studies on energetics of feeding and spawning migrations of American shad on the
Atlantic coast.

Resource management agencies in each state shall evaluate their respective state water
guality standards and criteria and identify hard limits to ensure that those standards,
criteria, and limits account for the special needs of alosines. Primary emphasis should be on
locations where sensitive egg and larval stages are found.

Encourage university research on hickory shad.

Develop better fish culture techniques, marking techniques, and supplemental stocking
strategies for river herring.

Low

VII.

Characterize tributary habitat quality and quantity for Alosine reintroductions and fish
passage development.

States should identify and quantify potential shad and river herring spawning and nursery
habitat not presently utilized, including a list of areas that would support such habitat if
water quality and access were improved or created, and analyze the cost of recovery within
those areas. States may wish to identify areas targeted for restoration as essential habitat.!!
Investigate contribution of landlocked versus anadromous produced river herring.

PRT Recommendations

State Compliance

All states with a declared interest in the management of shad and river herring, except Georgia,
have submitted reports and have regulations in place that meet the requirements of the
Interstate Fisheries Management Plan for Shad and River Herring.

Currently a recreational angler can possess up to 8 shad on any Georgia river. However, only
two rivers (Altamaha and Savannah) are included in Georgia’s Shad Sustainable Fishery
Management Plan. The Technical Committee and the PRT recommend one of two options: 1) all
rivers that allow shad harvest be included in the revised sustainable fishery management plan
(as required by Amendment 3), or 2) prohibit harvest for rivers that are not in Georgia’s
Sustainable Fishery Management Plan.

The PRT notes, however, that some states were not able to complete the required fishery
independent monitoring due to budgetary restrictions.

1. Several of the states did not report all of the monitoring requirements listed under
Amendments 2 and 3 (see PRT Report). The states should take note of the required
monitoring programs that were not reported and make concerted effort to report all
monitoring programs in forthcoming annual reports (most common omissions were:
characterization of other losses, variance, length frequency, age frequency and degree
of repeat spawning).
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2. The PRT requests that those states and jurisdictions that share monitoring should report
who was responsible for the required monitoring in lieu of not including the
information. In addition, one report could be sent for each state or jurisdiction.

De Minimis Status
A state can request de minimis status if commercial landings of river herring or shad are less
than 1% of the coastwide commercial total. De minimis status exempts the state from the sub-
sampling requirements for commercial and recreational catch for biological data. The following
states have requested de minimis status for 2016:

- Maine (shad)

- New Hampshire (shad and river herring)

- Massachusetts (shad)

- Florida (shad and river herring)

REVIEW OF SHAD AND RIVER HERRING ANNUAL COMPLIANCE REPORTS

INTRODUCTION

In accordance with the Shad and River Herring Fishery Management Plan, the states are required
to submit an annual compliance report by July 1% of each year. The Plan Review Team reviewed
all state reports for compliance with the mandatory measures in Amendments 2 (River Herring)
and 3 (American shad). The following report provides an evaluation of each state program.

MAINE
De minimis
» The state of Maine requests de minimis for the commercial fishing year 2016 in the
American shad fishery.

Comments or trends highlighted in state report:

» American shad recreational catch estimates = 779 fish caught (A+B1+B2) and 779
harvested (A+B1) (MRIP).

» Comparing the juvenile CPUE to past years, American shad CPUE were above average
in the Upper Kennebec River, the Abbagaadasset, and Eastern, Androscoggin and, but
below average in the Merrymeeting Bay , Cathance rivers, and lower Kennebec rivers.

» In 2015, harvester reports indicate that 1,162,198 pounds of alewife and 133,800
pounds of blueback herring were kept. Harvest reports also indicate that 1,999 pounds
of blueback herring were discarded. Dealer reports indicate that 1,295,998 pounds of
river herring were sold for a value of $415,432.74. MRIP estimates for alewife are 3,485
caught and 1,038 harvested. For blueback herring, were 1,745 caught and harvested.

» Comparing the JAI CPUE to past years, alewife CPUE was above average in the upper
Kennebec, Androscoggin, and Eastern rivers, but below average in all other river
portions. Blueback herring CPUE was below average in all river segments.

» River herring run counts were above average for Androscoggin, Kennebec, Saco, and
Sebasticock rivers and below average in the St. Croix river.

» Spawning Stock Survey: In 2015, fisheries personnel counted and passed upstream 26
American shad in the trap at the Lockwood Dam on the Kennebec River, and 47 at the
Benton Falls fishlift on the Sebasticook River. At the Brunswick Fishway on the
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Androscoggin River, 58 American shad were captured in the fish lift. , On the Saco River,
Brookfield Energy biologists counted a total of 6,171 American shad (5,940 passing the
East Channel Dam, and 231 passing the West Channel Dam). Additionally 109 shad
mortalities were noted, representing a total fishway mortality of 1.8%, which is lower
compared to past years.

Unreported information / Compliance Issues:
» River herring scale samples collected from commercial harvesters are being processed.
Information should be sent to FMP Coordinator as soon as data are available.

Sturgeon bycatch report:

» There was no known bycatch of Atlantic or shortnose sturgeon within the recreational
fishery.
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NEW HAMPSHIRE

De minimis:

>

The state of New Hampshire requests de minimis status for the commercial and
recreational fishing year 2016 for the American shad and river herring fisheries.

Comments or trends highlighted in state report:

>
>
>

No American shad were harvested form New Hampshire waters in 2015.

Since 2006, a total of 11 American shad have been observed in the Exeter River.

River herring SFMP target met for 2015 — exploitation rate <20% (9.5%) and returns
>72,293 fish (119,909 fish).

In 2015, 7,566 Ibs of river herring were reported harvested from New Hampshire waters
through mandatory coastal harvest reports. It is noted that this harvest is for personal use
and is no longer included with NMFS harvest.

Recreational harvest estimates for river herring were 452 alewives and 0 blueback herring
in NH through the Access-Point Angler Intercept Survey (APAIS).

There is a general increase for alewife herring runs in New Hampshire waters for the last
6 years.

The highest JAI was observed in 2015 for alewife, but blueback herring JAI has been
declining since 2007.

Unreported information / Compliance Issues:

>

None identified.

Sturgeon bycatch report:

>

No protected species were reported taken as bycatch from New Hampshire’s coastal
harvest program.

MASSACHUSETTS

De minimis:

>

The Commonwealth of Massachusetts requests de minimis for the commercial fishing
year 2016 for the American shad and river herring fisheries.

Comments or trends highlighted in state report:

>
>
>

Dealer reporting = 0 pounds of shad landed.

Merrimack Dam American shad counts have been increasing since 2010.

Connecticut River Holyoke Dam American shad counts have seen a general increase
since 2004, and appear to be relatively stable since 2012.

River herring spawning runs were monitored by volunteers in 19 rivers in 2015. The
general trend emerging is of increasing run size estimates since 2011.

Census counts of river herring spawning runs were monitored in 12 rivers in 2015. Only
the Merrimack and Parker rivers saw increases compared to 2014.

Unreported information / Compliance Issues:

» Catch composition data was not available for the American shad recreational fishery.
» Ajuvenile abundance index was not reported for the Merrimack River American shad.

15



» A description of Amendment 2 requirements should be included in the compliance
report.

» Degree of repeat spawning was not evaluated in the river herring spawning stock
assessment.

Sturgeon bycatch report:
» No sturgeon interactions were reported in 2015.

RHODE ISLAND
Comments or trends highlighted in state report:
» JAlin 2015 highest since 2004.
» Atotal of 159 American Shad passed through the fishway in 2015.
» River herring run counts at Gilbert Stuart (11,135), Nonquit (32,330), and Buckeye Brook
(15,333) were all lower in 2015 than 2014.

Unreported information / Compliance Issues:
» Herring scale samples were collected but not aged; mortality estimates are unavailable
for 2015 — finished January 2016.
» Due to low returns at Gilbert Stuart in 2015, no biological data was collected.

Sturgeon bycatch report:
» One Atlantic sturgeon was observed by the NOAA Fisheries Observer Program in 2014.

CONNECTICUT
Comments or trends highlighted in state report:
» The preliminary 2015 landings are 51,004 pounds (14,637 fish) of American shad from
drift gillnets through harvester catch reporting.
» Shad spawning population relies on a few age classes and low rates of repeat spawners.
» Passage of 412,656 shad at Holyoke was third highest since 1992.

Unreported information / Compliance Issues:

Estimate of other commercial losses is reported by weight instead of length and age.
Directed recreational harvest of shad is not characterized due to limited budget and staff.
No sources of river herring loss are listed.

No age frequency, degree of repeat spawning, or annual mortality rate calculation is
provided for river herring.

YV VY

Sturgeon bycatch report:
» Atotal of 37 sturgeons (species unclassified) were reported as caught and released by
shad fishermen in 2015.

NEW YORK
Comments and trends highlighted in state report:
» Commercial and recreational shad fishery closed in 2010.
» Mandatory reporting of river herring harvest = 5,869 pounds landed in Hudson River.
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» Shad landings were reported through ACCSP, however due to confidentiality agreements,
this data cannot be disclosed.

» 2015 American shad spawning stock survey sex ratio was 64:36 (male:female)

» 2015 river herring spawning stock survey sex ratio: 63:37 (male:female) alewife and 47:53
(male:female) blueback herring.

» The 2015 index for YOY American Shad was 6.16, which is second highest in elven years.

Unreported Information / Compliance Issues:
» No data for commercial or recreational “other loss” of river herring is available.
» Ariver herring recreational creel survey was not conducted in 2015.
» Other losses (research, fish passage) attributed to river herring are reported as no data.
» Degree of repeat spawning data for shad is not yet complete.

Sturgeon bycatch report:
» No data collected due to fishery closure.

NEW JERSEY
No Comment

PENNSYLVANIA
No Comment

DELAWARE — NANTICOKE RIVER
No Comment

DELAWARE BASIN F&W COOPERATIVE
No Comment

MARYLAND
Comments or trends highlighted in state report:
» American shad and river herring commercial fishery is closed; catch and release only.
» In 2015, pounds of dead American shad from the spring pound and fyke net commercial
fishery targeting perch and catfish cannot be reported due to confidentiality.
» Total recreational release mortality is estimated to be 144 American shad per year
(estimate based on two studies, one from 1997 and one from 2010).
No trend in Nanticoke River shad JAI; increasing in Upper CB and Potomac River.
American Shad Stocking continues in Choptank River.
In 2015, the Conowingo Dam tailrace American shad population was estimated at
139,973.
» In 2015, The JAI CPUE for alewife and blueback herring both increased in the Upper Bay
and remained low in the Nanticoke River.

YV V

Unreported / Compliance Issues:
» Spawning stock assessment for river herring began with 2013 gillnet survey for adult
river herring in the North East River. Longer time series needed for this assessment.
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» No characterization of other losses in commercial fishery due to lack of spring pound
and fyke net fishery for perch and catfish on Nanticoke River due to ice.

Sturgeon bycatch report:
» The Atlantic sturgeon bycatch for Maryland’s American shad ocean intercept fishery has
been zero since this fishery was closed in 2005.

DISTRICT OF COLUMBIA
Comments or trends highlighted in state report:
» Commercial and recreational fisheries for river herring and shad remained closed.
» American shad fry stocking did not occur in 2015.
» In 2015, the American shad CPUE (fish per 6,000 sqgft of net) decreased to 2.04
compared to 4.26 in 2014.

Unreported information / Compliance Issues:

No estimate of potential other losses in any of the fisheries.

The required harvest & losses table is not included.

Include which rivers were sampled by the seine survey.

No ageing has been done for American shad or river herring, thus age frequency, degree
of repeat spawning and mortality estimates have not been reported.

YV VY

Sturgeon bycatch report:
» No sturgeon captures were reported in the District of Columbia during 2015.

POTOMAC RIVER FISHERIES COMMISSION
Comments or trends highlighted in state report:
» Since 2012, all fisheries are closed to the taking and/or possession of river herring.
» The Potomac River is closed to the directed harvest, commercial and recreational, of
American and hickory shad.
» Bycatch landings in 2015 included 1,889 pounds of American shad and no hickory shad.
» In 2015, the American shad restoration target (31.1) was exceeded for the fifth yearin a
row with a value of (41.4)
» The 2015 JAl index for American shad (19.81) increased to the highest level on record
and the alewife and blueback herring indices increased slightly.

Unreported information / Compliance Issues:
» Please include spawning stock assessment information in the same report.
» Harvest and losses table could be improved by including number of fish per gear type
and mean weight per gear type.
» Variances for juvenile indices are missing.

Sturgeon bycatch report:
» In 2015, there were no Atlantic sturgeon captures reported in the Potomac River.
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VIRGINIA
Comments or trends highlighted in state report:

>

>

>

>

343 American shad (1,185 lbs) were taken under the 10 American shad per vessel per
day bycatch allowance.

Juvenile abundance for American shad was high in 2015 for all rivers, and was a record
high for the Rappahannock River.

The 2015 American shad spawning stock catch index was the lowest on record for the
James and York Rivers.

The overall assessment of the James River American shad population is that the stock
remains at historically low levels and is dependent on hatchery inputs (hatchery
contribution was 44% in 2015).

In 2015, river herring fishery remained closed to both commercial and recreational
harvest and possession.

Alewife and blueback herring juvenile abundance increased in 2015 in the James River.

Unreported information / Compliance Issues:

>
>

A river herring spawning stock survey for the Rappahannock River will begin in 2016.
Degree of repeat spawning was not evaluated in the river herring spawning stock
assessment.

Sturgeon bycatch report:

>

In 2015, a total of 10 Atlantic sturgeon were caught as bycatch in the staked gill nets
used by VIMS to monitor abundance of adult American shad and released alive.

NORTH CAROLINA

Comments and trends highlighted in state report:

>

Amendment 2 to the NC River Herring Fishery Management Plan (FMP) approved by the
North Carolina Marine Fisheries Commission (MFC) in May of 2015, eliminated the
discretionary harvest season for river herring, prohibited the possession of river herring
(blueback and alewife) greater than six inches aboard a vessel while fishing from shore,
and removed river herring (blueback and alewife) from the mutilated finfish exception.
In 2015, American shad landings totaled 98,119 pounds and were approximately 50%
lower than 2014 due to various factors including weather and fish availability during the
shortened season.

The 2015 JAI for blueback herring (5.42) was above 2014 but below the time series
average of 55.08. The alewife JAI (7.13) was above 2014 (0.00) and also the time series
average (2.62).

A total of 589 blueback herring and 998 alewife samples were obtained from four
contracted Chowan River pound net fishermen.

A total of 148,714 pounds of hickory shad were harvested in 2015 worth $49,552.

Unreported information / Compliance Issues:

Due to staff turnover and vacancy of the river herring biologist position, 2015 ageing
analysis of blueback herring and alewife are incomplete. Ages will be included in the
2016 report or provided to the ASMFC as an appendix to this report, whichever comes
first.
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Sturgeon bycatch report:

>

>

In 2015, 89 Atlantic sturgeon were observed or reported from the Albemarle Sound; -8
via the DMF observer data (all released alive), and 81 via the DMF IGNS (15 fatalities).
One Atlantic sturgeon was reported captured and released alive via onboard observers
within the Pamlico Sound, Pamlico, Neuse and Cape Fear River Areas.

In the Cape Fear River, DMF observer data recorded two Atlantic sturgeon interactions
alive and released. The DMF IGNS captured one Atlantic sturgeon which was released
alive.

Observer trips completed in the Pamlico and Neuse rivers recorded no sturgeon
interactions.

The DMF IGNS in the Pamlico, Pungo, and Neuse Rivers captured 17 Atlantic sturgeon.
Five were dead and the rest were released alive.

The DMFIGNS in the Pamlico Sound captured and released alive one sturgeon, identified
to the genus.

SOUTH CAROLINA

Comments and trends highlighted in state report:

>

>

In 2015, total estimated commercial landings of American (including hickory) shad, as
reported through NMFS, was 254,034 pounds (100% in-river)

In 2015, observed sex ratios for American shad were not available for the Santee River
(females only) and 12.5 females per male in the Waccamaw River. The high occurrence
of females in these samples is most likely due to the marketability of females vs. males.
In 2015, three year running average for blueback herring on the Santee Cooper was u =
0.031, which was below the sustainability benchmark of 0.050.

In 2015, the three year running average for blueback herring on the Pee Dee River
exceeded the benchmark of 500 kg.

Unreported information / Compliance Issues:

>

None.

Sturgeon bycatch report:

» Atlantics — Ten total from Carolina DPS.
> Shortnose — Seven total, with two from the Santee River and five from the Waccamaw River.
GEORGIA
Comments and trends highlighted in state report:
» In 2015, commercial American shad landings was 29,536 pounds on the Altamaha and
6,878 pounds on the Savannah River.
» Arecreational fishery at 8 shad per day (combination of American and/or Hickory) exists
only on Savannah and Ogeechee River.
» The population of American shad in the Altamaha River in 2015 was estimated at
240,642 shad, a 57% decrease from 2014.
» Inthe 2015 recreational creel survey, 463 American shad were harvested on the

Ogeechee River.
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» American shad fry were stocked into Altamaha tributaries and the Ogeechee River.

Unreported information / Compliance Issues:

» Shad recreational harvest data was not reported for the Savannah River.

» Currently a recreational angler can possess up to 8 shad on any Georgia river. However,
only two rivers (Altamaha and Savannah) are included in Georgia’s Shad Sustainable
Fishery Management Plan. The Technical Committee and the PRT recommend one of
two options: 1) all rivers that allow shad harvest be included in the revised sustainable
fishery management plan (as required by Amendment 3), or 2) prohibit harvest for
rivers that are not in Georgia’s Sustainable Fishery Management Plan.

Sturgeon bycatch report:

» Atlantic and shortnose sturgeon are caught in gill nets. In drift nets, essentially 100% of
the sturgeon can be released unharmed. During 31 field days of monitoring adult shad
in 2015, one Atlantic and two shortnose sturgeon were captured in drift gill nets from
the Altamaha River. All sturgeon were released unharmed. Shad fishermen also
reported capturing eighteen Atlantic and ten shortnose sturgeon from the Altamaha
River. In addition, commercial fishermen reported one incidental catch of an Atlantic
and one shortnose on the Savannah River during the 2015 commercial shad season.

FLORIDA
Comments and trends highlighted in state report:
» No commercial fishery exists for shad or river herring.
» There is no recreational harvest of river herring.
» An access point creel total estimated shad catch was 870 fish in Mullet Creel area and
436 in Puzzle Lake Creel area.

» In 2015, 590 American shad and 121 blueback herring were caught during eighty
electrofishing transects on the St. Johns River.

Unreported information / Compliance Issues:
» Include more detail on blueback herring (currently no length or age data)

Sturgeon bycatch report:
» No netting is allowed for shad, so no sturgeon bycatch is expected.
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Shad & River Herring Technical Committee
Call S ummary

March 23, 2017

Technical Committee Members: Brad Chase, Ken Sprankle, Mike Brown, Mike Dionne, Bryant
Bowen, Brian Neilan, Genine Lipkey, Bill Post, Joe Swann, Jeremy McCargo, Eric Hilton, Holly
White, Phil Edwards, Jacque Benway Roberts, Ruth Hass-Castro, Bob Adams, Johnny Moore, Reid
Hyle, Chad Holbrook

ASMFC Staff: Jeff Kipp and Ashton Harp

The Shad and River Herring Technical Committee (TC) met via conference call to review
sustainable fishery management plans (SFMP) from Florida (shad), Georgia (shad) and South
Carolina (blueback herring). Each SFMP has been updated (from the original version that was
implemented in 2010/2011) to include recent data and new sustainability benchmarks, if
necessary.

The next SFMPs to be reviewed by the TC are Potomac River Fisheries Commission (shad) and
South Carolina (shad). The states will submit the SFMP by June 20, 2017 and the TC will
convene via conference call in early July to review.

1. Review of the Florida SFMP for Shad

The Florida Fish and Wildlife Conservation Commission (FWC) submitted an updated SFMP for
recreational harvest of America shad in the St. Johns River. The plan includes recent data and
requests to maintain the existing recreational management measures from the 2011 SFMP.
There are no commercial fisheries operating in state waters that take shad deliberately or that
are likely to take shad as bycatch.

The planincludes the existing sustainability benchmark of fishery independent spawning stock
index biomass. The index is based on electrofishing response rate. The spawning stock index
has been at the 25th percentile (i.e. the management trigger) for two consecutive years
following several years with values above the median. This warrants caution but no action at
this time.

The plan adds a new JAl-based benchmark. The JAl has the potential to capture recruitment
issues stemming from habitat and water quality changes. Management action is triggered if
there are three consecutive years below the 25th percentile.



Reid Hyle (FWC) reviewed the details of the plan with the TC and responded to TC questions,
summary below:

e Current there are two spawning stock indices based on two different portion of the St.
Johns River. Is it possible to combine the indices into one index to reduce variability or is
it possible to standardize the indices with a GLM?

0 The river discharge is fairly stable from year-to-year. Although the very high
water in 2015/16 shifted the spawning grounds and resulted in higher catches
downstream. If the river is high then catches are low because shad transit the
area very quickly, and then they stay in the estuary regardless of what is
happening upstream.

0 For the adult indices, it could be combined into one index. However, the river
stretch (278-298) was the primary index because that is where the fishery has
traditionally been. However, the river in this stretch is wide and deep, which may
be the reason for low catches via the electrofisher. A secondary sampling area
(314-358) was added (hence the second index) and it has become the primary
index.

e If the index is standardized by discharge then there may be different trends. Would
you consider for the next SFMP?

0 Yes, FWC will consider.

e Can you summarize the sustainability benchmarks and associated management triggers
into an overview table?

0 Yes.

The TC recommends the Board approve the Florida SFMP.

2. Review of the Georgia SFMP for Shad

The Georgia Department of Natural Resources submitted an updated SFMP for recreational
harvest of America shad on the Altamaha and Savannah River. The plan includes a CPUE
benchmark for the Altamaha River. The TC requested a secondary benchmark based on JAI or
biological data.

The Savannah River did not include a sustainability benchmark—Georgia voiced that it would
be included in the South Carolina Shad SFMP. The TC requested the measures that are in the SC
plan be included in the GA plan for the Savannah River. In addition, it was noted that Georgia
has an 8 fish creel limit which applies to all Georgia rivers. The TC requested all rivers that allow
harvest be included in the SFMP. Alternatively, as required in Amendment 2, Georgia can
restrict harvest for rivers that do not have a SFMP.

The TC requests Georgia modify the SFMP based on the TC recommendations.



3. Review of the South Carolina Blueback Herring SFMP

The South Carolina Department of Natural Resources submitted an updated SFMP for
commercial and recreational harvest of blueback herring. The plan includes recent data and
requests to maintain the existing management measures from the 2010 SFMP.

Bill Post (SC DNR) reviewed the details of the plan with the TC and responded to TC questions,
summary below:

e How is the Pee Dee oxbow lake regulated?

0 One can fish anywhere along the Pee Dee but most of the fishing takes place in
the oxbow lake via gillnets.

e |s there age data for the Santee?

0 Yes, but it is not presented because the benchmark was not changed. They have
age data from 2009-2015.

e The scaling value was derived from mark-recapture during 1986-90. The minimum
population numbers were small, so how good was the passage data in that period and is
there anything presently that could affect this?

0 There is not 100% passage at the St. Stevens fish lift so it represents a minimum
population estimate for the Santee River System. SC DNR believes more fish can
pass, but they don’t have another estimate to use.

0 TCrecommends a second sustainability benchmark for the next SFMP,
potentially based on biological triggers.

The TC recommends the Board approve the South Carolina SFMP.
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Introduction - Summary

The spawning run of American shad in Florida’s St. Johns River, Florida is subjected to a small,
primarily catch and release recreational fishery. The stock abundance was last classified as low
but stable (ASMFC 2007). There have been no commercial landings of American shad in Florida
since 2000. Recreational fishing is open with a 10 fish bag limit. A majority of anglers voluntarily
release their catch. Monitoring of relative stock abundance has been in place since 2003 and
relative abundance has improved. Monitoring of relative abundance of young of the year has
been in place since 2007 and the highly variable index shows successful recruitment in most
years with a positive correlation between the juvenile abundance index and year class strength
in the spawning stock. Fishery dependent monitoring resumed in 2011 after a six year hiatus
and indicates that overall effort and harvest are low with catch per unit effort similar to earlier
years. The Florida Fish and Wildlife Conservation Commission (FWC) seeks to maintain the open
status of the recreational fishery as its existence should not threaten the maintenance and
recovery of the St. Johns River population of American shad.

St. Johns River

The St. Johns River is entirely coastal and drops a total of 9.1 m over its entire 499km length.
Most of that drop occurs upstream of river kilometer 314 (McLean 1955). The river passes
through three large shallow lakes; Lake Harney (6200 acres) between rkm 306 and 314, Lake
Monroe (9400 acres) between rkm 266 and 276, and Lake George (40,000 acres) between rkm
182 and 199. The head of the tide is generally at Lake George. The tidal freshwater reach below
Lake George varies in width from 0.18 km to 2 km and has an average tide range of 0.33 m.
Weak tides can reach as far as the Lake Monroe outlet at river kilometer 266 during low flow.
The St. Johns River has a “southern river flow pattern” (Kelly and Gore 2008) in which low flow
typically occurs from late winter into early summer and high flows occur in the late summer
and early fall corresponding to a summer wet season. Spawning has been documented from
river kilometer 235 to 400 but primarily occurs between river kilometer 276 and 378. The
spawning season lasts from late December to Early May with peak activity from mid January to
mid March. (Figures 1 and 2).



Description of the Fishery

Gear restrictions have effectively eliminated commercial harvest. Pound nets were phased out
through the 1980’s and 1990’s. None are operating and new licenses will not be issued.
Entanglement nets were prohibited by constitutional referendum in all state waters in 1995.
There are no commercial fisheries operating in state waters that take shad deliberately or that
are likely to take shad as bycatch. Furthermore, hook and line has been the only permissible
gear for the taking of all Alosa species since 1997. A saltwater fishing license is required to
possess anadromous species. The current bag limit is 10 fish per angler per day for American
shad and hickory shad in aggregate. The existing recreational fishery is small and dominated by
catch and release fly fishermen that target fish on the spawning grounds. The aerial coverage of
the fishery is restricted relative to the extent of spawning habitat. Angling primarily occurs
between river kilometers 285 and 292 and between river kilometers 314 and 321 whereas
spawning grounds primarily occur from river kilometer 280 to 295 and from river kilometer 314
to 378.

Stock Monitoring Programs

a) Fishery Independent
i. Juvenile abundance indices (JAI)

The relative abundance of young of the year American Shad has been assessed annually as
catch per tow by a bow mounted push net since 2007. A standard sample night comprises 12 5-
minute tows at stations selected at random within a 40 kilometer long sampling reach. Two
representative index reaches were selected in 2010 based on a pilot project that ran from 2007
to 2009; one in the river run between river kilometer 210 and 260 and one in tidal freshwater
between river kilometer 125 and 165 (Figure 1). Index sampling occurs bi-weekly from the end
of March until the CPUE drops below 10% of the peak nighly average. The initial sustainable
fishing plan did not identify which sampling index should be used as a benchmark citing a lack
of information about which location would best perform in describing recruitment success or
failure. The JAI from the tidal freshwater reach was correlated to year class strength in the
spawning stock in subsequent years (Figure 3). The JAIl has been highly variable but generally
increasing (Figure 4). River discharge during the spawning season accounts for a large
proportion of the interannual variability in JAl in the lower St. Johns River (Figure 5). The lower
St. Johns River American Shad JAIl appears to predict both recruitment to the spawning stock
and recruitment response to a significant environmental variable.

ii. Spawning stock survey



The spawning stock survey tracks the relative abundance of adult American shad by
electrofishing the spawning stock. The spawning stock index is reported as the geometric mean
catch per standard sample. The current benchmark is that three consecutive years with the
CPUE below the 25™ percentile of the time series will trigger a management action. Sampling
occurs biweekly from January through March between river kilometers 314 and 357 (Figure 3).
A standard sample day includes 10 standard samples at randomly selected sites within the
reach. Sampling will continue on an annual basis. Biological samples are collected for length,
sex composition, and aging (beginning in 2011) from these electrofishing collections. This is the
longest continuous index currently running on the St. Johns River. The CPUE was at the 25th
percerntile in the upper river reach between river kilometer 314 and 357 in both 2015 and 2016
(Figure 6). River discharge was above the 90th percentile during the spawning season in both
years and this seems to have altered the distribution of fish within the sampling areas. Two
peak season sampling trips also occur between river kilometers 279 and 297 (Figure 3). The
CPUE was the highest and second highest in the time series between river kilometers 279 and
297 in 2015 and 2016 respectively.

b) Fishery Dependent

A roving creel survey of recreational anglers was conducted between the mouth of Lake Jesup
(river kilometer 285) and just south of Iron Bend (river kilometer 298) in 11 out of 13 years from
1992 to 2005 (McBride and Holder 2008). This creel documented declining effort and relatively
stable catch rates (Figure 7 and Figure 8). An access point creel was introduced in 2011 and will
continue annually as funds allow. The access point creel covers the old creel area (Mullet Lake
Creel Area) via two boat ramps and an upstream area (Puzzle Lake Creel Area) via one boat
ramp (Figure 3). Canvassing anglers on the water indicated that greater than 95% of shad
fishing effort originates at these ramps. These ramps are the primary access points to the ~14
km of river in which most shad fishing occurs. The angler success rate in the Mullet Lake Creel
Area from 2011 to 2016 was 0.92 fish/hour compared to the 0.71 fish/hour average for shad
between 1992 and 2005 (McBride and Holder 2008). There has been no trend in angler CPUE
(Figure 8) but effort continues to decline in the Mullet Lake Creel Area (Figure 7). Effort
increased in the Puzzle Lake Creel Area though 2014 but was low in 2015 and 2016 due to high
water related access difficulty.

A benchmark angler catch rate of 1 fish per angler hour was selected as a restoration target
based on the previous roving creel (ASMFC 2007). However, the nature of the fishery has
changed. The fish camp at river kilometer 287, from which much of the shad fishing effort
occurred in the past, has closed and some fishing effort has shifted to another section of river
(Figure 7). Additionally, fishing techniques have changed from primarily trolling to primarily fly
fishing. Therefore we do not believe that angler catch rate should be used as a stand alone



benchmark. Annual monitoring of this fishery through an access point creel will continue as
long as funding is available.

Sustainable Fishery

FWC requests to maintain the recreational fishery on the St. Johns River as is. The fishery
independent benchmark has not triggered a managmet action at this time and new time series
have facilitated the establishment of a JAl benchmark.

a) Fishery Independent Spawning Stock Index Benchmark (Table 1)

The fishery independent spawning stock index median for the series 2003 through 2016 was
5.21 and the 25" percentile was 4.04 (Figure 6). The spawning stock index has been at the 25"
percentile for two consecutive years following several years with values above the median. This
warrants caution but no action at this time. Furthermore, the spawning stock index calculated
from a secondary sample area indicated that fish abundance may have been higher than shown
by the primary index (Figure 6). This secondary survey may be incorporated into a revised
benchmark in the future that better accounts for interannual changes in spawning grounds
locations. Monitoring spawning stock relative abundance will continue in both river reaches.
The Shad and River Herring Technical committee suggested that a generalized linear model
might be used in future sustainable fishing plan updates to reconcile differences in the
spawning stock index from the two sampling areas that may arise from catchability differences
between years abnormal water levels alter fish distribution in the respective sampling areas.

b) Proposed JAI based Benchmark (Table 1)

The JAl from the lower river has performed well in the period 2007 to 2016 with the adult
spawning stock relative abundance at age being predicted by the JAIl for the 2007-2011 year
classes. Therefore we would like to set a 25" percentile benchmark for this time series with
three consecutive years below the 25 percentile to trigger management review. The JAl has
the potential to capture recruitment issues stemming from habitat and water quality changes.

c) Possible Future Benchmark to Incorporate Fishery Dependent Data

FWC feels that increasing catch and/or harvest in the recreational fishery without concurrent
increases in fishery independent indices would be undesirable. We proposed in the initial SFMP
to develop benchmarks based on the ratios of angler harvest and angler total catch to fishery
independent electrofishing CPUE in the first SFMP for American Shad. We can calculate the
ratio of catch and/or harvest to the fishery independent electrofishing CPUE (Figure 10). We do
not know what level or what metric represents a critical value at this time. We propose to
monitor the ratio of fishery metrics (e.g. effort, catch, harvest) to fishery independent



abundance indexes for any possible trend in the interval until the next SFMP update and
consider a relevant benchmark at a later date.
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Table 1. Florida St. Johns River American Shad Management Benchmarks and Triggers
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Figure 1. Middle and lower St. Johns River. Diurnal tides extend up to Lake George.
Spawning grounds begin between Lakes George and Monroe but are
primarily south of Lake Monroe. Juvenile sampling by pushnet in 2007-
2009 extended from rkm 125 to 305 from spring to fall. From 2010 forward,
the Mid-SJR Sampling Reach (rkm 210-260) and the Low SJR Sampling
Reach (rkm 125-165) are sampled biweekly from the end of the spawning
season until the nightly CPUE drops below 10% of the seasonal peak.
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Figure 2. The CPUE at Age of the adult spawning stock versus the JAI in prior years. The
electrofishing CPUE was summed across years for each age of each sex, ages 3
through 6 for males and ages 3 through 7 for females. This produced a sum of CPUE
at Age for the 2007 through 2010 year classes of male American Shad and the 2007
through 2009 year classes of female American Shad. That value was tested for
correlation with JAIL. Males are in the top figure and females in the lower. Both simple
linear regressions are significant at 0.05. As both regressions are short, the
relationship will be tested with more robust methods as additional data are
gathered.
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Upper St. Johns River. Primary spawning grounds occur from river kilometer
(rkm) 276 to 378. Fishery independent monitoring for adult American shad
occurs at Puzzle Lake (rkm 314-320) and at State Road 50 (SR50, rkm 345-
358). Additional fishery independent monitoring occurs at the Mullet Lake
Creel Area (rkm 279-297) annoted on this figure as “Creel Area”. The
recreational fishery occurs mainly at the Creel Area and Puzzle Lake.
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Figure 4. The summer juvenile abundance index, calculated as Geometric Mean, of American
Shad from the lower St. Johns River, Florida from 2007 to 2016. Median is the dash
line. 25" percentile is the dotted line.
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Figure 5. The summer juvenile abundance index of Amerian Shad from the lower St. Johns River,
Florida from 2007 to 2016 versus the mean spawning season (January through March)
discharge at USGS Gage 02232500 on the spawning grounds of the St. Johns River near State
Road 50 in Christmas, Florida.
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Figure 6. Electrofishing catch per unit effort (geometric mean catch per 10 minute transect) of

American Shad from the St. Johns River in each of two areas. Dashed line is the media.
Dotted line is the 25 percentile. The spawning stock index from rkm 314-358 was
designated as the index for a fishery independent benchmark in the initial SFMP.The
water level in 2015 and 2016 was above the 90™ percentile of historic levels during the
spawning season and may have impacted the electrofishing survey’s ability to correctly
index relative abundance by causing the distribution of fish on the spawning ground to
shift downstream.
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Figure 7. Recreation effort for American Shad in the St. Johns River, Florida expressed as angler-hours.
An additional stratum was added in 2011 as effort shifted away from the orginial area.
“Mullet Lake Creel Area” is still treated as a unique stratum for comparison to the 1993 to
2005 data.
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Figure 8. The catch per unit effort of American Shad from the recreational fishery in the St. Johns
River, Florida from the Mullet Lake Creel Area stratum and averaged across both creel strata
from 2011 to 2016.
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Figure 9. The total catch and harvest of American Shad in the recreational fishery in the St. Johns
River, Florida.
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Figure 10. Relative harvest index. This is calculated as the ratio of the total number of American Shad
harvested by the recreational fishery to the annual geometric mean electrofishing CPUE
multiplied by 100. These data may be suitable to create a benchmark that combines fishery
catch/harvest data and independent monitoring data in the future.
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Updated-ASMFC River Herring Sustainable Fishing Plan for South Carolina

Introduction:

The purpose of this sustainable fisheries management plan is to allow existing river herring
fisheries that are productive and cause no threat to future stock production and recruitment to
remain in place and close all others. Some excerpts from the stock status review for SC’s river
herring were used in this document (ASMFC 2008). The review, which was prepared and
submitted to the ASMFC shad and river herring board by SCDNR and the Stock Assessment
Subcommittee (SASC), summarizes SC’s fisheries for river herring.

Historically, river herring (blueback herring Alosa aestivalis) occurred in most of South
Carolina’s major rivers (Figure 1). Commercial fisheries for blueback herring in South Carolina
occur to a limited extent in open rivers such as Winyah Bay tributaries (Lowther’s lake area in the
Pee Dee River), but the majority of river fishing activity occurs in hydro-electric tailraces of the
Santee-Cooper River system (Figure 2). It remains the most important and the most closely
monitored fishery in the state. A brief history of the Santee-Cooper Complex is detailed in
Appendix 1. Recreational fisheries for blueback herring exist, but only as a bycatch to the
American shad fishery.

Management of blueback herring in South Carolina is shared between the Marine Resources and
Freshwater Divisions of the Department of Natural Resources (SCDNR). Management units are
defined by stock and the complex of river(s) utilized. Management units include all rivers and
tributaries within each area complex: Winyah Bay (Sampit, Lynches, Pee Dee, Bull Creek, Black,
and Waccamaw Rivers) and the Santee-Cooper Rivers complex.

Current regulations:

The SCDNR manages commercial herring fisheries using a combination of seasons, gear
restrictions, and catch limits. In 1964, commercial blueback herring fishing in Cooper River was
restricted to daylight hours with a dip net not more than three feet in diameter and a limit of 100
Ib (45.4 kg) per person per day. By 1969, regulations had been liberalized to allow nets with six
foot diameters, fishing until ten o'clock p.m., and no limit on the harvest. Between 1966 and
1969, herring were abundant and the fishery expanded. Fishing success declined in the early
1970s and a limit of 600 kg of herring per person day was imposed in 1975. Today, the
commercial fishery for blueback herring has a 10 bushel daily limit (227 kg) per boat in the
Cooper and Santee Rivers and the Santee-Cooper Rediversion Canal. Seasons generally span the
spawning season. All licensed fishermen have been required to report their daily catch and effort
to the SCDNR since 1998. Current regulations are summarized in Appendix 2.

The recreational fishery has a 1 bushel (22.7 kg) fish aggregate daily creel for blueback herring in
all rivers; however very few recreational anglers target blueback herring.



Brief description - Current status of the stocks:

a. Landings:

Reported commercial landings data of river herring in South Carolina are available from the
National Marine Fisheries Service and the state. Landings reported to the NMFS prior to 1979
were collected from major wholesale outlets located near the coast and probably did not account
for inland landings which were generally not sold at these outlets. NMFS data collected since
1979 usually include inland landings. However, the wholesale dealer reporting system utilized by
the NMFS may not include herring landings because herring sold as bait to licensed bait dealers
may not be reported. In 1998, the state of South Carolina instituted mandatory reporting of
commercial catch and effort.

In 1969, the South Carolina Department of Natural Resources instituted a commercial
creel survey to estimate catch and effort in the fisheries in the Santee Cooper system. Surveys
occur at landings used to off-load and transport catch. The majority of herring harvested from the
Cooper River (1969-1989) were landed at two locations between the hours of six p.m. and ten
p.m. daily. Creel clerks stationed at these locations interviewed individual fishermen as the catch
was unloaded. The time, date, type of gear used, catch, and number of fishermen aboard were
recorded as each boat landed. The survey was expanded to the major landing below the St.
Stephen Dam on the Rediversion Canal starting in 1990 as water flow and fish abundance
declined in the Cooper River and increased in the Santee River and the Rediversion Canal.
During low flow years when flow is reduced in the Rediversion Canal, herring and the fishery
moves to the Santee River below the Wilson Dam or to the Cooper River downstream of
Pinopolis Dam. Surveys have been infrequent at those locations. Weight of harvest was
estimated from the number of bushels of herring landed and a mean bushel weight of 25.4 kg
(Cooke 1998). Numbers of adult blueback herring landed were estimated by dividing kg landed
by the mean weight of an adult herring (0.14 kg). Although some landings are occasionally
missed during the creel survey, the survey produces the most reliable estimates of catch and effort
available for South Carolina waters. Landings were not estimated for reservoir fisheries with
landings of mixed species and size composition.

SCDNR has conducted an annual recreational creel survey for American shad since 2001 to
estimate exploitation and catch-per-unit-effort in the recreational fishery of the Santee Cooper
system. These data consist of access point creel surveys (at end of a party’s fishing day) for at
least 2 h/d, 4 d/week along with effort estimates made by counting boats below the Pinopolis
Dam, the Wilson Dam, or the Rediversion Canal at approximately 1400h each day of survey.
Previous data demonstrated that a 1400h boat count measures maximum daily fishing pressure.
Blueback herring are caught in this fishery; however, they are not targeted and are caught in
minimal numbers.

SCDNR also conducted sportfishing creel surveys on the Cooper and Santee Rivers in 1981 -
1982 and 1991 - 1993 to evaluate the impact of the Rediversion Canal on these recreational

3



fisheries (Cook and Chappelear 1994). These surveys examined the total recreational fisheries on
each river, but did not provide data on catch of blueback herring. Thus, the surveys could only be
used to indicate change in the size of the fishery.

Recreational creel surveys were conducted on the Savannah River in the late 1990s by the
Georgia Department of Natural Resources in 1997 and SCDNR in1998 and 1999. Estimates of
catch from these surveys varied from year to year largely due to dramatically different flow
conditions. Catch estimates from each of these creel surveys were provided by Boltin (1999).

b. Fishery Independent Indices:

A variety of sample efforts have been conducted to assess the condition of blueback herring
stocks in South Carolina. Annual passage counts at the St. Stephen Dam on the Santee-Cooper
Rediversion Canal provide the longest times series of data (Table 1). Periodic electro-fishing and
gill net sampling occurred in the Santee River below the Wilson Dam and population estimates
were obtained for several years at that location. Population estimates (1980-1990) were orders of
magnitude larger than passage for the same time frame (Table 2). In addition, annual electro-
fishing sampling has been conducted in Winyah Bay and the Santee, Cooper, Edisto, and
Combahee Rivers. Ichthyoplankton surveys were made for several years on the Santee and
Cooper Rivers. More recently, annual gillnetting has occurred to assess CPUE for adult herring
returning to the Santee River. As part of another program, electrofishing sampling now occurs in
Lakes Marion and Moultrie (Santee-Cooper Lakes) to assess juvenile recruitment in rivers
upstream of impoundments. However, the latter three surveys do not provide a long enough data
series to provide sustainability.

C. Fishery Dependent Indices:

Over 1,000,000 kg of river herring were reported from South Carolina commercial fisheries in
1969. Landings declined precipitously soon after. They rebounded to a high of approximately
260,000 kg in the early 1980s and again in the 1990s. They have fluctuated at less than 70,000 kg
since 2001. The bulk of the reported landings since 1989 have come from the Santee-Cooper
system. Reported landings for the Pee Dee River of the Winyah Bay system have remained at less
than 1,000 kg per year since mandatory reporting was initiated in 1998.

Annual variation in reported landings since the early 1970s may have been influenced by changes
in allowable catch over the years. Landings in the Santee Cooper system were also affected by
changes in discharge from the three dams and concurrent changes in fish migration and gear
effectiveness.

Annual estimates of catch in kg, effort in person days, and kg catch/person day (CPUE) are
available since 1969 from surveys of the Santee-Cooper fishery (Figure 3). Estimates of all three
parameters have fluctuated widely over the time series. Highest estimates of landings and CPUE
occurred early in the time series in the Cooper River prior to the diversion of water from the
Cooper to the Santee system.



Many factors likely affected effort and landings. To evaluate potential causes of change, we
separated data from the Cooper River into two times series (1969 - 1974 and 1975 — 2008) and
subset data for the Santee River to those from 1975 — 2008. We then normalized the estimates by
dividing annual values by the series mean. Sub setting the Cooper River data reduced the
influence of the relatively large estimates obtained early in the time series on the rest of the data.
Normalizing the time series placed all parameters on a comparable scale. Effort and landings
were highly correlated in both the Cooper River fisheries (1969-1974, r?=0.90; 1975-2008,
r’=0.85) and the Santee River fisheries (1990-2008, r?=0.94) (Figure 4). Effort played an
important role in dictating landings. However, CPUE was also related to effort. If we assume that
CPUE was a measure of relative stock abundance, then we can speculate that changes in stock
abundance and related fishing success led to changes in effort and then in landings.

CPUE in the Santee River fishery increased rapidly following increased flows from rediversion.
CPUE leveled off in the mid to late 1990s and then declined abruptly following a severe drought
that lasted from 1999 through mid 2002. Santee River CPUE has fluctuated without trend since
that time. The initial CPUE increase in the Santee River fishery likely resulted from a
combination of herring from the Cooper River stock that began to migrate into the Santee River
as flow increased and improved production from improved spawning and nursery habitat. We do
not know if reduced CPUE since the drought resulted from declining stock levels or from low
fishing success caused by low water levels. Fishing did not occur, or was severely limited in
2002, and harvest estimates were not made.

4, Fisheries to be Closed:

a. Commercial:  Winyah Bay (Sampit, Lynches, Bull Creek, Black, and
Waccamaw Rivers). Note: SC believes these fisheries are
sustainable based on past and present anecdotal data, but
since these data are not statistical in nature and under
stipulations of Amendment 2, we must close these fisheries.

b. Recreational:  Winyah Bay (Sampit, Lynches, Pee Dee, Bull Creek, Black, and
Waccamaw Rivers)
Ashepoo River
Combahee River
Edisto River
Savannah River

5. Fisheries Requested to be Open:

a. Commercial: ~ The Santee-Cooper Rivers complex and Pee-Dee River



b. Recreational:  The Santee-Cooper Rivers complex

6. Sustainability

Systems with a sustainable fishery are defined as those that demonstrate their river herring stocks
could support a commercial and / or recreational fishery that will not diminish potential future
stock reproduction and recruitment. If fisheries exceed sustainability benchmarks, management
action will be taken (Table 1).

Santee-Cooper Rivers complex

The term ‘relative exploitation”, as appears on Table 2, is calculated as estimated harvest in
numbers divided by a minimum population estimate in numbers. The minimum population
estimate is calculated as the harvest in numbers plus the passage in numbers at the St. Steven’s
lift on the Rediversion Canal. Since only a portion of fish in the Rediversion Canal and the Santee
River actually move above the St. Steven’s Dam, the minimum population estimate is an
underestimate of the actual population. During years when both passage counts and population
estimates were made (1986-1990), the minimum population estimates averaged 2.3 percent of the
population estimate (Table 3). Consequently, estimates of relative exploitation in Table 2 are
gross overestimates of the true exploitation rate for the Santee stock. To account for this,
adjusted exploitation rates were developed using “scalar” values. These were created by dividing
minimum population estimates by population estimates for years when population estimates
occurred and calculating a mean for those years (0.023, Table 4). In an attempt to address
variation and the possibility that the relationship between population size and fish passage has
changed over time, an additional scaler was created in the same manner using the lower
confidence limits from the population estimates (0.440, Table 4). When compared to other years
in this range, the estimate for 1988 appeared to be an outlyer. As a result, a final scaler was
created using the lower confidence limits, but excluding the estimates for 1988 (0.052,Table 4).
All scalers (0.023, 0.440, 0.052) were then multiplied by the annual relative exploitation to
produce adjusted and more realistic estimates of exploitation rates (Table 2). SC believes the
estimate using the 0.052 scaler (lower bound without 1988 value) is the most appropriate and
realistic to depict approximate exploitation from this fishery.

Adjusted exploitation rates using the 0.052 scaler were very low and no trend was apparent
among years. By comparison, U msy (target exploitation rates) for blueback herring of the Chowan
River, North Carolina was u msy = 0.67, while that for herring of the Connecticut River,
Connecticut and St. John River, New Brunswick were u msy = 0.75 (Crecco and Gibson 1990).
Adjusted estimates of u imposed by the commercial fishery in the Rediversion Canal are well
under all of these benchmarks. Continued harvest at these low rates should be sustainable and
should allow for recruitment and future stock reproduction. In addition, numbers of blueback
herring passed (438,746), at St. Stephen Dam in 2009, exceeded the past 5 years combined.
During the years 1980-1990 concurrent population estimates of the Santee stock below the
Rediversion Canal were orders of magnitude greater than fish passed at the dam. Also, recent
declines in commercial landings correlate directly to a notable reduction in trips (Figure 5).
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SC proposes that the “interim” sustainability benchmark of u = 0.050 continues to be used to
manage the Santee-Cooper River herring fishery. Status of the fishery relative to this benchmark
will continue to be measured by three year running averages of the scaled annual relative
exploitation rates. Annual exploitation rates will be estimated by multiplying annual estimates of
relative exploitation by 0.052. Since the development of the original plan, three year running
average scaled exploitation rates have not exceeded the sustainability benchmark of 0.050 (Figure
6).

Pee-Dee River

The Pee Dee River is part of the Winyah Bay System which also includes the Sampit, Black,
Waccamaw, and Little Pee Dee Rivers. It is a large free flowing river up to river kilometer (rkm)
~302 where the first barrier (Blewett Falls Dam) is located in NC (Figure 7). The Pee Dee River
herring fishery takes place in a small oxbow lake area known as Lowthers Lake located at rkm
176 just north of 1-95 and Darlington, SC. The herring fishery for the Pee-Dee River is so
insignificant (<472 kg avg. for years 1998-2015; in some years <3 kg), it is believed fishing on
this river is not having an overall negative impact on herring populations (Table 5, Figure 8). The
number of licensed fishermen is declining with each passing year and those that remain in the
fishery are subsistence fishermen who only use fish for personal consumption. As part of the
requirements for the previous plan, SC collected fishery dependent biological data to assess the
relative fitness of the Pee Dee River herring fishery. Scales for ageing, sex, and length
information were collected from up to 100 fish during 2011, 2013, 2014, and 2015. Results show
normal age distribution, some degree of repeat spawning, and no significant declines in overall
length (Figures 9-10, Table 6). SC requests to maintain this fishery with a 1,000kg harvest cap
for the season. During this time, length and age data from the spawning stock will continue to be
collected and analyzed. Status of the fishery will continue to be measured by three year running
averages of total landings. If at any time, landings exceed the proposed cap for three consecutive
years, regulation changes would be considered for this fishery. Based on documented low
landings (1,000 kg. is equivalent to < 4 days’ allowable catch in the commercial fishery) and
results of biological data, SC believes this is a reasonable request for the small Pee Dee River
herring fishery.

7. Adaptive Management

SCDNR will continue to monitor both fish passage and the commercial fishery landings in the
Santee-Cooper system. In addition, fishery independent sampling for spawning adults in the
lower Santee River will continue annually.

If collected data indicates changes in exploitation or decreasing abundance in juveniles, action
will be taken by SCDNR. These actions may include increasing days for escapement, limiting



seasons, etc. In the event these actions are not successful in reversing negative trends, SCDNR
would then be forced to close this fishery.

Several recommendations were included for SC as part of the stock status review for river
herring. They are highlighted in the following:

“We recommend that age data be obtained from blueback herring of the Santee River, the Santee-Cooper
Rediversion Canal, and the Cooper River and that the commercial creel survey of tailrace fisheries in the
system be continued.” Age and harvest data are important to understanding current stock dynamics and
factors affecting recent river herring abundance. “We also recommend that a sample program be developed
or existing programs be improved to track annual production of young.”

SC has since implemented all suggested recommendations as part of ASMFC/ACFCMA funded
work or by utilizing other SCDNR funding sources. With the dissolution of Anadromous Fish
Conservation Act funds, SCDNR was forced to be creative in order to meet requirements of
Amendment 2. To complete all mandated goals annually, personnel from other areas and funding
sources have been used. Once these funds expire it is anticipated SCDNR will simply not have
adequate personnel to complete the work. Furthermore, to date SCDNR has had ~48% cut from
the state’s appropriated operating budget and is expecting more cuts. If a reduction in force (RIF)
is implemented and project personnel are affected, SCDNR will not be able to meet the
requirements.
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Figure 2. Santee-Cooper Rivers complex in South Carolina.

Table 1. Sustainability values and triggers.

Index Benchmark | Years included in Management trigger

Value index
Santee-Cooper Rivers Complex | u=0.050 1990-2015 3 consecutive years below benchmark
Pee Dee River 1000kg 1998-2015 3 consecutive years below benchmark
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Table 2. Annual number of blueback herring passed at the St. Stevens Fish Lift, Santee-Cooper
Rediversion Canal; harvested in the commercial fishery, minimum population size*, relative exploitation.

Scalar M-R
LClall Scalar M-R
Scalar M-R years LCI w/o 1988
Number 3-yr 3-yr
Metric Harvest caught Minimum Relative running running

Year Tons Data (Kg) (Lbs/.3) Passage Population  Exploitation 0.023 0.440 avg. 0.052 avg.
1990 1.28 1280 9,408 71,000 80,408 0.12 0.003 0.053 0.006
1991 9.83 9830 72,251 400,000 472,251 0.15 0.003 0.066 0.008
1992 91.77 91770 674,510 589,000 1,263,510 0.53 0.012 0.233 0.117 0.027 0.014
1993 180.92 180920 1,329,762 345,000 1,674,762 0.79 0.018 0.348 0.216 0.041 0.025
1994 128.91 128910 947,489 298,000 1,245,489 0.76 0.018 0.335 0.305 0.039 0.036
1995 206.89 206890 1,520,642 561,000 2,081,642 0.73 0.017 0.321 0.335 0.038 0.039
1996 265.06 265060 1,948,191 1,452,285 3,400,476 0.57 0.013 0.251 0.302 0.030 0.036
1997 142.24 142240 1,045,464 176,814 1,222,278 0.86 0.020 0.379 0.317 0.045 0.037
1998 179.61 179610 1,320,134 112,466 1,432,600 0.92 0.021 0.405 0.345 0.048 0.041
1999 120.38 120380 884,793 182,798 1,067,591 0.83 0.019 0.365 0.383 0.043 0.045
2000 134.83 134830 991,001 695,586 1,686,587 0.59 0.014 0.260 0.343 0.031 0.040
2001 24.29 24290 178,532 1,862,015 2,040,547 0.09 0.002 0.040 0.222 0.005 0.026
2002 0 0 0 421,459 421,459 0 0 0 0.100 0 0.012
2003 52.25 52250 384,038 86,909 470,947 0.82 0.019 0.361 0.134 0.043 0.016
2004 9 9000 66,150 35,545 101,695 0.65 0.015 0.286 0.216 0.034 0.025
2005 35.04 35040 257,544 175,184 432,728 0.6 0.014 0.264 0.304 0.031 0.036
2006 7.5 7500 55,125 105,129 160,254 0.34 0.008 0.150 0.233 0.018 0.027
2007 50.7 50700 372,645 49,343 421,988 0.88 0.021 0.387 0.267 0.046 0.031
2008 0 0 0 8,503 8,503 0 0 0 0.179 0 0.021
2009 71.6 71600 526,260 438,746 965,006 0.55 0.013 0.242 0.210 0.029 0.025
2010 69.6 69600 511,560 217,750 729,310 0.70 0.016 0.309 0.183 0.036 0.022
2011 37.6 37600 276,360 336,210 612,570 0.45 0.011 0.199 0.249 0.023 0.029
2012 18.9 18900 138,915 37,117 176,032 0.79 0.018 0.348 0.285 0.041 0.034
2013 335 33500 246,225 113,860 360,085 0.68 0.016 0.301 0.282 0.036 0.033
2014 52.1 52120 383,082 171,200 554,282 0.69 0.016 0.304 0.318 0.036 0.037
2015 225 22500 165,375 244,631 410,006 0.40 0.009 0.178 0.261 0.021 0.031

*number lifted + number harvested in fishery
Drought years or mechanical failures at the fish lock
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Table 3.

Mark recapture population estimates of blueback

herring in the Santee River, South Carolina.

Confidence Interval

Year N CV Lower Upper

1980 5,895,796 0.25 3,012,000 8,780,000
1981 4,054,521 0.23 2,236,000 5,873,000
1982 664,151 0.17 400,000 888,000
1983 2,352,005 0.45 297,000 4,407,000
1984 2,625,000 0.24 1,417,000 3,833,000
1985 6,205,353 0.71 0 14,822,650
1986 9,061,064 0.41 1,817,496 16,304,632
1987 3,805,457 0.29 1,657,618 5,953,296
1988 5,507,918 0.50 116,348 10,899,488
1989 5,501,964 0.22 3,153,678 7,850,250
1990 9,353,003 0.22 5,358,472 13,347,534

Table 4. Calculation of scalar for adjusting relative exploitation rate for the Santee River.
min/M-
M-RLower R LCI
Minimum M-R M-R Clwi/o min/M-  min/M- w/o
Year Population Population Lower ClI 1988 R RLCI 1988
1986 187,000 9,061,064 1,817,496 1,817,496 0.021 0.103 0.103
1987 74,000 3,805,457 1,657,618 1,657,618 0.019 0.045 0.045
1988 232,000 5,507,918 116,348 0.042 1.994
1989 147,000 5,501,964 3,153,678 3,153,678 0.027  0.047 0.047
1990 71,162 9,353,003 5,358,472 5,358,472 0.008 0.013 0.013
Scalar 0.023 0.440 0.052
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Figure 3. Estimated effort (CPUE) in the commercial fishery for blueback herring in the Cooper River and
the Santee-Cooper Rediversion Canal, South Carolina.
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Cooper River Effort vs Landings (1975-2008)
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Figure 4. Normalized effort vs. normalized landings in the commercial fisheries of the Cooper and Santee
Rivers, South Carolina.
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Figure 5. Number of Santee River fishermen versus pounds of herring harvested 1969-2015.
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Figure 6. Relative exploitation for the Santee blueback herring fishery compared to .050 benchmark target
(1992-2015).
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Table 5. Landings of blueback herring from the Pee-Dee River (1998-2015).

Year Kg.
1998 2

1999 15
2000 323
2001 817
2002 131
2003 350
2004 93
2005 162
2006 14
2007 259
2008 643
2009 660
2010 999
2011 894
2012 855
2013 758
2014 767
2015 919
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Figure 8. Pee-Dee River blueback herring landings compared to number of trips (2001-2015).
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Figure 9. Pee-Dee River blueback herring age distribution (2011, 2013-2015).
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Figure 10. Pee-Dee River blueback herring mean fork length and standard deviations for
2011 and 2013-2015.

Table 6. Percent of repeat spawning Pee-Dee River blueback herring (2011, 2013-2015).

2011 2013 2014 2015

% with one spawning mark 33 28 25 15
% with two spawning marks 5 11 1 2
% repeat spawners 38 41 26 17
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Appendix 1. Brief description of the Santee-Cooper Complex

In 1938, the South Carolina Public Service Authority (SCPSA) initiated the Santee-Cooper
Diversion Project. The project dammed Santee River at river km 143.201 and the headwaters of
Cooper River creating two reservoirs joined by a canal (Figure 2). The canal allowed Santee
River water to be diverted into Lake Moultrie and the Cooper River. Benefits provided were flood
control, improved navigation, and hydroelectric power production. Wilson Dam, a flood control
structure constructed on Santee River (river km 143) created Lake Marion. Pinopolis Dam (river
km 77), a hydroelectric facility and navigation lock, impounded diverted water from Lake Marion
along with the headwaters of Cooper River to form Lake Moultrie. In 1957, it was documented
that blueback herring, passed into the lakes during boat lockings, provided as much as 25% of the
diet of adult Santee-Cooper striped bass (Stevens 1957). Since then, the SCPSA has operated the
lock three to six times daily during the spring spawning run, to allow blueback herring to enter
the lake system. This action not only supplemented the system's forage base but also provided
anadromous fish access to additional spawning areas. From 1975 to 1984, a hydroacoustic survey
estimated 2.2 - 10.8 million blueback herring (mean = 5.7 million) were admitted into Lake
Moultrie annually (Christie and Barwick 1984).

As a result of the Santee-Cooper Diversion Project, increased flows down the Cooper
River from diverted Santee River water accelerated shoaling in Charleston Harbor (USACE
1975). The Cooper River Rediversion Project was proposed to reduce shoaling by reducing the
flow to Charleston Harbor. In 1985, the U.S. Army Corps of Engineers (USACE) finished
construction of a 9.5-mile canal to re-divert approximately 75% of the Cooper River flow back
into Santee River. The project set a maximum weekly average discharge of 127 cms for Cooper
River with the remainder being diverted to Santee River via the new Rediversion Canal. During
periods of low water inflow (i.e. below 127 cms), virtually all water released from Lake Moultrie
flows down Cooper River. This is because power generation at Pinopolis Dam is more efficient
than at the new hydro-facility. Discharge is not regulated at the St. Stephen Dam on the
Rediversion Canal. Wilson Dam still releases a continuous 14.6 cms from Lake Marion into
Santee River. Concern that reduced discharge to Cooper River would attract fewer blueback
herring, decreasing the number that annually migrated through Pinopolis Lock into the Santee-
Cooper lakes arose. The USACE predicted that while fisheries resources may decline on Cooper
River they would increase on Santee River (USACE 1975). To maintain the number of
anadromous fish entering the lakes, the USACE constructed a fish lock on the Rediversion Canal
to allow Santee River fish access to Lake Moultrie.

In 1985, water flowing from the Cooper River was re-diverted to the Santee River. A fish
lock, constructed at the St. Stephen Dam on the Rediversion Canal, was designed to mitigate the
decline of fish passage on the Cooper River. Despite this effort, total fish passage rapidly
declined after Rediversion. High or intermittent discharges from the St. Stephen Dam hindered
fish from entering the lock. In 1990, a flow agreement with the SCPSA was initiated allowing the
lock to function more effectively and the numbers of fish passed to increase. Blueback herring
passage through the two facilities has never equaled the pre-Rediversion levels that occurred at
the navigation lock though. Modifications to the fish lock entrance channel to increase passage
efficiency have been ongoing since construction. Phase | of the modifications was completed for
the 1995 season. The modification provided a corridor for fish passage that was protected from
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the turbulence of hydro-production, and is essentially a collection gallery that moved the
entrances to the lock farther downstream. Phase IIA provided adjustable weir gates installed in
the gallery prior to the 1997 season. Phase 1IB became operational about halfway through the
2000 season and included a bypass siphon system that can deliver an additional attraction flow of
14 cms around the facility rather than through the fish lock grating. A juvenile separating device
was also constructed to safely pass out-migrants downstream from this attraction flow.

Appendix 2. Summary of current regulations on take of blueback herring in South Carolina.

General

There is no run of the river commercial fishing activity for herring in any statewide waters except
the Santee-Cooper Complex and the Pee Dee River.

Season

The open season is 15 February - 15 April in the Pee Dee River. The open season in the Santee
River is 15 February - 1 May. The open commercial season for the Rediversion Canal of Santee
River and the Tailrace Canal of Cooper River is 1 March — 30 April of each year.

Harvest Limits

The allowable daily take of herring for net fisheries is 10 US bushels per boat in the Tailrace
Canal of the Cooper River and 10 US bushels per boat in the Rediversion Canal. There are no
other caps or quotas in effect for commercial herring fisheries in South Carolina.

Gears

Approved commercial gears are anchored (set or stationary) and drift gill-nets in all open riverine
waters seaward of dams, with the exceptions of open portions of the Santee and Cooper River
where other gears are allowed. Circular drop-nets up to six feet in diameter, lift-nets and cast-
nets are the only gears allowed in the upper Tailrace Canal of the Cooper River and in the open
portions of the Rediversion Canal of the Santee River. Lift-nets, cast-nets, and hook & line may
be used within the Santee-Cooper Lakes and cast-nets and/or hook & line are legal gear in other
inland reservoirs. Legal minimum mesh size for gill-nets is 2 1/2" stretched mesh in all State
waters open to such gear. The length of any gill-net may not exceed one half of the width of the
waterway where it is fished. Gill-nets may not be fished within 200 yards of any previously
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deployed net. Regulatory changes implemented in 2001 restricted net lengths to a maximum of
200 yards in freshwaters and 300 yards in inland marine waters.

Lift Periods

There is a weekly 84-hour lift period in effect for the Pee Dee River during the open gill-netting
season. The use of nets in the Cooper River Tailrace Canal is allowed only from sunrise until
10:00. Fishing with nets in the Rediversion Canal is allowed from 7:00 PM - 12:00 midnight EST
or 8:00 PM — 12:00 PM EDT, with no lift period. Portions of several rivers are closed to
commercial gear.

Actual regulations can be found at: http://www.scstatehouse.gov/code/t50c005.php, under
Acrticlel5.
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