Atlantic States Marine Fisheries Commission

River Herring Stock Assessment Update

Volume II: State-Specific Reports

August 2017

Vision: Sustainably Managing Atlantic Coastal Fisheries




10

11

12

13

14

15

16

17

18

19

Table of Contents

Status of RIVEr HErriNg iN IMAiN@...uuueeeiiiiieiiiieeeec ettt e e eeeearreee e e e e e e enabbrereeeee s 1
Status of River Herring in NeW HamPShire .......eeiiciiiiiieeeei et eeenraneee e 44
Status of River Herring in MassaChuUSEttS .......uuvevviiiiiiiiiiieieeccececiiireee et 135
Status of River Herring in Rhode ISland ............oooeiiiiiciiiieec et 197
Status of River Herring in ConNECtiCUL ........evviiiiiee i 235
Status of River Herring in NeW YOrK ....ooo oot e e e 267
Status of River Herring in NEW JEISEY...coi ettt e e e 341
Status of River Herring in Delaware River and Bay........cccccceeeiecciiiiieeee e, 353
Status of River Herring in Maryland and the Upper Chesapeake Bay........cccccccveeeeeecnnnnnee. 386
Status of River Herring in the POtomac RIVEr .....ccoo i, 420
Status of River Herring in Virginia.......ccueeiiieeiiiiieee ittt 465
Status of River Herring in North Carolina .......cooooviiiiiiieeiiiecc e 532
Status of River Herring in South Carolina .......ccooocuiiiiiiiiiiiiiiecccieee e 592
Status of River Herring in Georgia and FlOrida .........coovvuieiiiiiiiiiiniiec e 640

Trends in Alewife and Blueback Herring from the Northeast Fisheries Science Center

BOTEOM TraW| SUIVEYS ...ttt ettt s e e s st e e e s abe e e e sabeeeesnbteeessssaeeeas 661



5  Status of River Herring in Maine

Michael Brown
Maine Department of Marine Resources
32 Blossom Lane, Augusta, Maine 04333

Executive Summary

New England has a rich history of fishing and fishermen that capitalized on the abundant fisheries
resources available to harvest in the Gulf of Maine. Anadromous fish were among the first species
utilized as they ascended rivers and streams on spring spawning migrations. John Pory provided the first
written accounts of river herring (alewife and blueback herring) abundance in New England in 1622
(Watts 2003). John Josellyn (1674) further documented accounts of river herring in Maine, then still part
of Massachusetts, when describing harvest by two fishermen using stone weirs. Watts (2003) provides
verbatim copies of historical documents regarding the importance of river herring in New England back
to the 17" century. These texts provide a rich history of the utilization of river herring throughout New
England. These historical accounts provide a background for many of the management and social issues
related to managing river herring in New England today.

Maine retains some of the last healthy runs of river herring in New England. Maine’s directed
commercial fisheries are self-sustaining and all operate under sustainable fisheries management plans
cooperatively developed between the municipalities that own rights to harvest the river herring
resource and the State of Maine. While reported landings of Maine river herring have declined from
historical levels in the 1950s. The State of Maine has made significant progress in increasing run size and
populations numbers at several locations. Newly established runs in the Kennebec, Sebasticook and
Penobscot rivers and Chemo, Pushaw and Webber ponds return an estimated 5.0 million fish that were
not in existence during the last coast wide river herring assessment.

5.1 INTRODUCTION

Alewife and blueback herring, collectively known as river herring, are two of eleven species of
anadromous fish found in Maine. Anadromous fish spend most of their life at sea and return to
freshwater to spawn. River herring historically occurred in all major and minor coastal watersheds in the
state (Watts 2003). The majority of adults return as first-time spawners at ages four and five. Spawning
can commence as early as mid-April and typically ends by late July. Blueback herring spawn later than
alewives and spawning dates are successively later as you move from west to east along Maine’s coast.

Watts attributes the earliest declines in these populations to dam construction and industrial pollution,
which rendered many waters unsuitable for river herring migration into freshwater spawning and
nursery habitats. Protection of spawning populations of alewives began as early as the 1700s. Fish
passage requirements at hydroelectric dams, a fishway construction program by the state, and
restoration efforts in Maine over the past 30 years have significantly increased the amount of available
spawning habitat.

River herring have supported important municipal commercial fisheries since colonial times. Prior to
dam construction on the larger river systems, inland towns such as Clinton and Newport on the
Sebasticook River, 80 miles inland, had exclusive rights to harvest river herring. Currently, 38
municipalities maintain exclusive rights to harvest river herring. At the January 2017 Board meeting the



Atlantic States Marine Fisheries Commission approved sustainable fisheries management plans for 22
municipalities that will continue to fish in 2017. The majority of the harvest is sold as lobster bait,
though a small percentage of the landings are smoked and utilized for human consumption.

5.2 MANAGEMENT UNIT DEFINITION

Municipal boundaries are the units used to manage Maine’s river herring resources in inland waters.
River herring resources that migrate inland, beyond the immediate coastal waters of the state, are
property of the municipality. The Maine Department of Marine Resources (DMR) and respective
municipality cooperatively manage river herring resource within the management unit. The coastal area
outside municipal boundaries is closed to all commercial fishing for river herring by state law.

5.3 REGULATORY HISTORY

5.3.1 Regulation History

As early as 1706, the Town of Middleborough, Massachusetts, passed laws restricting the harvest to
those planting corn (Watts 2003). The number of fish allotted for harvest was in direct proportion to the
amount of corn a person planted for the season. Those not planting corn were not allotted fish for that
year. These early conservations measures indicate the important role river herring held during the
colonial period. Through the years several laws were passed, the most significant were those related to
upstream passage at the numerous mill dams that existed during that time. In Massachusetts, upstream
fish passage laws began as early as 1735. From this point forward, many of the regulations dealt with
partitioning the resource among user groups and fishing methods used to harvest fish. Many of these
regulations and traditional uses of the resource continue today.

Beginning in 1960 and running through 1987 the State of Maine recommended a one day closed period
per week to allow river herring escapement to spawning grounds. Most municipalities, though not all,
instituted the one closed day per week. From 1988-1994 the state required that all municipalities have
two closed days or a conservation equivalent to ensure spawning escapement. In 1995, the state
required three closed days or a conservation equivalent.

5.3.2 Current Regulations

The Department of Marine Resources, along with municipalities granted the exclusive rights to harvest
river herring resources, cooperatively manage the municipal fisheries. Each town must submit an annual
harvesting plan to DMR for approval that includes a three-day per week escapement period or biological
equivalent to insure conservation of the resource. In some instances, an escapement number is
calculated and the harvester passes a specific number upstream to meet escapement goals. River
herring runs not controlled by a municipality and not approved as sustainable by the ASMFC River
Herring and American Shad Management Board are closed to commercial harvest.

Each run and harvest location is unique, either in seasonality, fish composition, or harvesting limitations.
Some run specific management plans require continuous escapement and are more restrictive than the
three day closed period. Others have closed periods shorter than the three-day requirement, but
require an escapement number, irrespective of the number harvested during the season. Maine
increased the weekly fishing closure from a 24-hour closure in the 1960s to 48-hour closure beginning in
1988. The closed period increased to 72-hours beginning in 1995 to protect spawning fish (Figure 5.1).
Most towns operate a weir at one location on each stream and law prohibits fishing at any other
location on the stream. The state landings program compiles in-river landings of river herring from



mandatory reports provided by the municipality under each municipal harvest plan or they lose
exclusive fishing rights.

The state will permit twenty-two municipalities to fish for river herring in 2017. The river specific
management plans require the remaining municipalities to close their runs for conservation and not
harvest. There are several reasons for the state/municipal restrictions imposed on these fisheries. Many
municipalities voluntarily restrict harvest to increase the numbers of fish that return in subsequent
years. Some of these runs are large, but have the potential to become even larger and some suffer from
lack of good upstream or downstream fish passage. The commercial fishery does not exploit the
estimated 1.5 — 2.0 million river herring that return to the East Machias River or the millions of fish in
the main stem of Maine’s nine largest rivers.

Recreational fishermen are allowed to fish for river herring year-round but are restricted to four fishing
days a week to allow river herring an opportunity to reach spawning habitats. Access to river herring
populations for recreational anglers is poor and as a result, landings are low. The three day closed
period required for commercial fishermen is also required for recreational anglers. 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 fishermen are not
required to report their catch. The MRIP program does sample some of these fishermen based on
results queried from the database.

5.3.3 Alewife Fishing Rights (Alewife and Blueback Herring)
The Commissioner is authorized to develop, manage, or lease alewife fishing rights as follows.

1) River herring rights: The commissioner shall grant the right, exclusive or otherwise, to take
river herring to any municipality entitled to those rights on January 1, 1974 and may grant the
right to take river herring to any other municipality provided:
A. Any municipality that has had the right to take river herring, exclusive or otherwise,
or is granted that right by the commissioner, shall take action through its legislative
body and file a copy of this action with the commissioner prior to April 20th or lose that
right for the remaining part of that year.
B. Municipal rights in existence on January 1, 1974 which are not exercised for three
consecutive years shall lapse.
C. At its annual meeting the municipality may determine by vote:
(1) Whether river herring fishing will be operated by the municipality through
the municipal officers or a committee.
(2) Whether the municipal rights to take river herring will be sold by the
municipal officers or committee.
D. Harvesting plans shall be developed as follows.
(1) Any municipality engaged in harvesting river herring shall submit a written
harvesting plan to the commissioner prior to April 20th of each calendar year.
All harvesting plans shall set forth in detail the exact conditions under which
alewives may be taken, all in accordance with good conservation practices.
(2) The commissioner, after consultation with the appropriate municipal
officers, shall approve or modify the harvesting plan as he deems necessary for
the conservation of river herring and other anadromous fish, and shall file a
copy of the approved plan with the clerk of the municipality.



Limitations. The following limitations apply to any grant:
A. It shall be unlawful to take river herring from 6 a.m. each Saturday morning until 6
a.m. Sunday morning. Municipalities which make other provisions for escape of
spawning river herring, which are approved by the commissioner, shall be exempt from
this limit.
B. It shall be unlawful for any municipality or purchaser or lessee of the municipal right
to take river herring in any manner except as provided in the approved river herring
harvesting plan.

Closed period in rivers and streams not under lease agreement. In any river or stream not
managed under a lease agreement, there is a 72-hour closed period on the taking of river
herring and obstruction of the watercourse to allow the free passage of fish from 6 a.m. on
Thursday to 6 a.m. the following Sunday.

5.4 ASSESSMENT HISTORY

Maine has not conducted a formal coast wide assessment of its river herring resources. The length of
Maine’s coastline and number of watersheds that support river herring make a coast wide assessment
difficult. Each water body supporting a river herring run is a separate spawning stock with adults
homing to natal spawning and rearing locations. Current river herring assessments focus on individual
spawning runs and river specific populations and take into account species composition, run timing, and
genetic differences among stocks.

River herring assessment data and analysis include annual mortality estimates, passage counts, landings,
age at length, repeat spawning and juvenile abundance. Ratios of escapement to returns 4-5 years later
provided data to justify an increase or decrease harvest rates and monitor spawning success. Crecco
(1990) conducted the most recent ASMFC assessment for the Damariscotta fishery. Crecco determined
that the Damariscotta River alewife fishery was severely over fished. Commercial exploitation rates for
the fishery ranged from 90 to 98 percent. After this assessment, the Town of Damariscotta closed the
fishery for 8 years to rebuild the run. It is unclear what impact the poor condition of the fishway had on
escapement and harvest.

The Damariscotta river herring run is the most studied run in Maine. Its proximity to the coast and size
of the run provide large numbers of study fish for researchers. Historically the commercial catches of
alewives were large compared to most Maine alewife runs. Numerous studies investigated the sex ratio
of river herring returns to the fishway, parent-progeny relationships, and efficiency of the fishway for
male and female alewives.

Walton’s (1987) research investigating the parent-progeny relationship of alewives entering the lake to
spawn. His research indicates that the number of spawning females and numbers juvenile emigrants are
asymptotically related. Despite the annual variability in estimated egg deposition the numbers of
juveniles produced remained relatively constant throughout the eight year study. His conclusion is that
the ability of Maine’s lakes to produce alewives is finite and that year class strength is established prior
to juvenile emigration from spawning habitats



5.5 STOCK SPECIFIC LIFE HISTORY

5.5.1 Alewife

Adults typically enter rivers from early May to early June and swim upstream into lakes, ponds, and
dead water habitats to spawn. The temperature range for spawning is 12.8-15.5 °C. Each female
produces 60,000-100,000 eggs, depending upon the size of the individual fish. The majority of the
surviving spent adults then make their way downstream shortly after spawning. Early spawners can be
seen migrating seaward and passing later run spawners that are still migrating upriver. Eggs, which are
about 1.3 mm in diameter, hatch in about three days at 22 °C and six days at 15.5 °C. The seaward
migration of young generally occurs from mid-July through early December at a size range of 32-152
mm. Size at emigration depends upon the availability of feed in the lakes, the total numbers of young
produced in a particular watershed, and the length of time the fish remain in the freshwater
environment.

There are populations of dwarf anadromous alewives found in eastern Maine. These runs were located
in ponds in the Bagaduce River. Two of these runs no longer exist. Walker Pond still has a population of
dwarf alewives and their life history does vary from those of typical anadromous alewives in that the
juveniles remain in nursery habitat for 16 months compare to the typical 4 months (Walton & Smith
1974).

Little is known about the life history of either alewife or blueback herring after they migrate to sea.
Trawl survey data indicate that one and two year olds inhabit the coastal waters of Maine in the spring
and fall. Abundance, species composition, and number at length change annually. Survey trawls at most
of the 90 survey locations capture one or both of these species (Sherman 2001).

5.5.2 Blueback Herring

Blueback herring spawning requirements differ slightly from those of the alewife. Blueback herring
spawn from Nova Scotia to northern Florida, but are most numerous in warmer waters from
Chesapeake Bay south. Females usually reach 100% maturity by age 5 and produce 60,000-103,000
eggs, whereas males generally mature at an earlier age (ages 3-4) and smaller size than females. Once
the young-of the-year leave the rivers they over winter near the coast. After the first winter, little
information about their migratory or feeding behavior is available.

There is little stock specific life history data available for individual stocks of blueback herring. In Maine,
stocks of blueback herring spawn in the main stem rivers and larger tributaries. Spawning occurs in late
May through July dependent on water temperature. The commercial alewife fishery does capture some
blueback herring during the first week of June but the numbers are low. The occurrence of blueback
herring does increase toward the end of the alewife-fishing season and continues to increase after
commercial fishermen remove gear from the river. The reopening of the Sebasticook River allowed
recolonization of the river in 2008 from the main stem Kennebec River. The Sebasticook River now has a
blueback run of over 1-million fish. The East Machias, Orland and St. George rivers have significant
blueback populations that are protected under Maines’ commercial harvest regulations.

Blueback herring populations in Maine appear to be increasing in the upper regions of Maines
watersheds because of fish passage and restoration efforts. The main stem Kennebec and Sebasticook
Rivers support estimated populations of several million fish. The Department expects this number to
grow after upstream passage is installed on the Kennebec River at three additional main stem dams.



5.5.3 Growth

The growth of juvenile alewives is dependent on the nursery and rearing habitat they occupy. Juveniles
resulting from stocking pre-spawn alewives, during the same day but at different locations, exhibit
different growth rates. This depends largely on the trophic level of the pond and other environmental
factors. Juveniles from eutrophic or mesotrophic lakes grow larger than those from oligotrophic lakes
within the same watershed. Migration from oligotrophic lakes appears to occur earlier in the season
than from mesotrophic or eutrophic lakes.

Dow (1973) indicated growth of adult alewives from cold water estuaries were smaller than those found
on warmer water estuaries. Investigations by Roundsefell & Stringer (1943) reported considerable inter-
site variation in the size of adult anadromous alewives from different locations in Maine. This is not
substantiated by research conducted by Walton & Smith (1974) who reported similar growth
parameters and no significant differences in length at age for 21 coastal watersheds in Maine.

The total lengths of adult alewives returning to spawn in the Androscoggin and Sebasticook rivers range
from 260 to 330 millimeters. Based on an analysis of scale ages these returns are 3 to 8 year old, though
alewives in the statewide commercial fishery are as old as 9-years. The Maine — New Hampshire Trawl
Survey captures alewives much smaller than the adults captured during the annual spawning runs. The
majority of these alewives are young-of-the-year and consistent with length frequencies of juvenile river
herring leaving nursery habitats in the spring. The trawl survey captures a small number of alewives in
the 150 to 200 mm range. These fish are assumed 2-year-olds, but this has not been confirmed through
scale aging techniques (Figure 5.2).

There is little data on the growth of blueback herring in Maine. Field staff samples few adults during the
annual spawning run. The few samples that do occur are limited to individuals captured at the fishway
on the Sebasticook River or while sampling commercial alewife runs. The Maine — New Hampshire trawl
survey does capture blueback herring during the spring and fall inshore trawl surveys (Figure 5.3)

During the past several years, data collected at the Brunswick Fishway indicate that the mean total
lengths of alewives ascending the show no trends (Figure 5.4). Today alewives are as large as alewives
captured in non-commercial catches of years past, but year class strength can influence trends in mean
length. The Sebasticook alewives show no trend for the same period (Figure 5.5). The downward trends
in mean lengths observed in some states are not apparent in Maine data for these two rivers for the
past several years.

5.5.4 Fecundity

For both species, age at sexual maturity is primarily ages 4-5 in the northern portion of their ranges.
Blueback herring and alewife do show up in spawning runs as young as three years old. Fecundity of
individual fish correlates positively to length and age. Alewife produce 60,000-103,000 eggs per season
and blueback herring produce a similar amount, 60,000 to 100,000 eggs per season. Older fish are more
fecund than younger fish.

5.6 HABITAT DESCRIPTIONS

Habitat requirements for spawning populations of river herring in Maine are specific to each species.
Overlap observed in spawning populations of river herring in states to the south do not appear to occur
in Maine. Alewife spawning occurs in ponded habitats or slow sections of river systems. Shallow
eutrophic and mesotrophic lakes appear to be the best lakes and ponds for alewife spawning. Maine



does have a number of oligotrophic lakes that return alewives but the size of the juveniles emigrating
from the lake tend to be small and migrations begin early in July.

In contrast, blueback herring spawn in the main channels of tidal fresh water rivers and inland streams
and rivers. Typically, blueback herring spawn in fast water below locations where commercial alewife
fisheries occur. There are only a few locations in Maine where blueback herring are enumerated
upstream of alewife fisheries. The St. George, Kennebec, Sebasticook, East Machias and Orland rivers all
support runs of blueback herring.

Access to specific habitat types, flows, or substrate, do not appear more important than access to the
suite of habitat types generally found in typical coastal rivers for blueback herring or lakes and ponds for
alewife. For several years, the Department documented the effects of habitat loss on the St. Croix River
in eastern Maine (Figure 5.6). In 1995, the Maine Legislature passed a law resulting in a unilateral
closure of the Woodland Dam and Grand Falls fishways to upstream passage of prespawn alewives into
spawning habitat. The Department and Canadian fishery agencies opposed the closure of the St. Croix
River based on the existing evidence that alewife caused the collapse of smallmouth bass in Spednec
Lake a headpond on the river. The alewife run in the St. Croix River declined significantly and eventually
collapsed. In 2000, slightly more than 5,000 fish returned to the river. Canadian fisheries agencies did
stock 2,000 fish annually but the return rate was only 0.26 percent of historic levels.

5.7 RESTORATION PROGRAMS

The goal of Maine’s river herring restoration activities is to provide access to all habitats that supported
river herring historically. Many of these habitats are well inland of the coastal rivers that support the
current river herring runs. Access to much of this habitat is still blocked by dams without upstream fish
passage and other impediments. The resource agencies are making progress by installing upstream and
downstream fish passage facilities, especially in the Sebasticook River watershed and smaller coastal
watersheds. A significant restoration project is underway on Outlet Stream in the town of Vassalboro
which will restore a run of more than one-million returns. Fish passage or dam removals at five sites on
Outlet Stream will provide passage into China Lake a 3,845-acre lake that are expected to add to the
growing number of fish in the Sebasticook watershed.

A recent agreement between the Department of Inland Fisheries and Wildlife and the DMR will reopen
the fishway into Sheepscot Pond and increase returns to this river by sixty percent. The Sheepscot River
restoration project includes one dam removal on the east branch, modification of a dam at head-of-tide
to provide passage as well as a fishway into Branch Lake on the west branch.

Starting in 2010 the DMR began restoring river herring to the Penobscot River, Maine’s largest river. The
trap and transfer program introduced 21,556 pre-spawn river herring from the Kennebec River into
three habitats (Chemo, Perch, and Mattamiscontis Ponds) in the Penobscot drainage. This trap and
transfer program will continue until sufficient returns to the Penobscot permit transfers of fish from
sources within the Penobscot basin. Since the 2010, the Department made significant progress in
recolonizing Chemo, Perch, Mattamiscontis and several other lakes and ponds. Pushaw Lake and
additional waters are currently under restoration with the goal of initiating a commercial harvest.

In 1965 Maine initiated the restoration of alewives in the St. Croix River when Denil fishways were
installed at the Woodland dam (2"¢ dam) and the Grand Falls dam (3" dam) on the mainstem river. A
fishway previously installed in the Vanceboro dam at the outlet of Spednic Lake in 1963 on the New
Brunswick side of the river worked well. However, the poorly functioning fishway on the New Brunswick



shore that was operational at the Milltown dam (1°* dam) in the 1960’s and 1970’s was replaced in 1981
with a more efficient Pool and Chute fishway. The alewife run increased dramatically four years after
the Milltown fishway became fully functional in 1982 and peaked at 2.6 million fish in 1987. Coincident
with the increase in the alewife population, the smallmouth bass fishery in Spednic Lake declined.
Following complaints of poor smallmouth bass fishing from local guides and sporting camps at Spednic
Lake in Washington County, the Department of Inland Fisheries &Wildlife undertook a cooperative study
with the New Brunswick Department of Natural Resources to determine the cause for the decline in the
smallmouth bass population. Although it was not possible to establish that the increase in the alewife
run affected the smallmouth bass fishery, it was postulated that the large influx of alewives through the
Vanceboro Dam, coupled with a lake drawdown of 9-14 feet, may have resulted in loss of young fry bass
habitat (Maine Rivers 2006). This also may have increased competition for food and habitat which lead
to poor bass fry survival over several successive years (Maine Rivers 2006). In response to the
smallmouth bass decline, the St. Croix River Fisheries Steering Committee agreed to block the
Vanceboro fishway during the alewife run and requested that Georgia Pacific Company revise its water
management plan on the St. Croix watershed in order to minimize the impacts of water drawdown on
young bass. Georgia Pacific agreed and closed the Vanceboro fishway beginning in 1988, which has
resulted in the collapse of the alewife run in the St. Croix River.

In an effort to reach a compromise, the St. Croix River Fisheries Steering Committee drafted a
Memorandum of Understanding that would allow for the controlled escapement of up to 90,000
alewives through the Grand Falls fishway into the waters below West Grand Lake and Spednic Lake. A
bill was introduced in the Maine Legislature in 2001 (L.D. 365) that would allow the Woodland and
Grand Falls fishways to reopen but the bill was defeated. The Maine signatories did not sign or
implement the Memorandum of Understanding. The alewife run in the St. Croix River reached a new
low in 2002. Canadian fisheries staff counted only 900 alewives at the Milltown fishway. The Canadian
Department of Fisheries and Oceans transported 807 of the 900 alewives to the Woodland headpond in
an effort to save the run from extinction.

St Croix Update: In 2013 the Maine Legislature reversed its decision and allowed river herring to pass
into a larger portion of the watershed beginning in 2014. The DMR anticipates a positive response in
run size within the next decade. The DMR is working with state, federal resource agencies and NGOs to
assess the aging fish passage facilities at the Milltowm, Woodland and Grand Falls dams to maximize
access to historic spawning habitats on the St. Croix River.

A well-established trap and truck program maintains historic runs that do not have upstream passage
until resource agencies achieve permanent passage. The number of river alewife stocked varies based
on available habitat and access to broodstock. The annual stocking goal of the restoration projects
range from a few hundred fish to 200,000 fish, with most stocked in the Androscoggin and Kennebec
watersheds. These locations do not have upstream passage and require transport of spawning fish
around existing barriers. The stocking program on the Sebasticook changed in 2009 with the removal of
an existing hydropower dam and upstream passage on all dams on the main stem of the Sebasticook. In
2009 stocking numbers dropped by 150,000 fish. During the 2010 stocking season Maine fisheries staff
targeted 63 spawning habitats into which 323,180 pre-spawn river herring would be released. The
number of stocking programs continues to decline as the number of permanent fish passages increase
throughout Maine.



5.7.1 Restoration Objective(s) and/or Targets

Dam construction during the last century isolated many of the inland waters currently stocked with
alewives. The historical significance of anadromous fish to these waters was eventually lost, and
freshwater fish communities, especially recreationally important game fish, began dominating these
habitats. The goal of the DMR restoration program is to recolonize habitat historically available to river
herring within the state of Maine and maintain a sustainable commercial and recreational river herring
harvest.

The interim restoration-stocking target for inland spawning habitats is six fish per surface acre for inland
lakes and ponds locations stocked by truck. The State of Maine established this stocking rate during a
10-year study conducted by MDMR, Maine Department of Environmental Protection and Maine Inland
Fisheries and Wildlife (Kircheis 2002). The goal of the study was to quantify the effects of a spawning
population of alewife on the resident fish species and zooplankton community within inland waters. A
stocking rate of six fish per surface acre of lake or pond habitat showed no negative effects for growth
rates of resident fresh water fish species. The DMR observes this stocking rate for all truck-stocked
locations. It is important to note that the initial stocking rate for this study was arbitrary and the
stocking density could be higher and still not demonstrate significant negative impacts to resident fish
species.

The state manages coastal runs for free passage and does not restrict these waters to the six fish per
acre limit. All fishways that provide upstream passage for alewives are free passage, even those that
provide access to habitats once stocked by truck. The management threshold for these locations is a
return rate of 235 fish per acre with 35 fish per acre escapement into spawning habitat.

The DMR management program for alewives initially focused on providing, or improving, fish passage on
smaller coastal drainages. Since 1969, DMR has installed 17 fishways and maintains 19 others from
Cumberland to Washington County. It also assists in the operation and maintenance of 12 non-hydro
dams owned by other public entities. With the advent of better water quality in the larger river systems,
DMR has actively sought installation of fish passage in hydroelectric dams licensed by the Federal Energy
Regulatory Commission.

The DMR is actively involved in the restoration of anadromous fish to the Androscoggin and Kennebec
rivers. 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 (Figure 5.7).

The DMR implemented a restoration plan for alewives in the Kennebec River watershed above Augusta
in 1986 through an agreement with the majority of hydroelectric dam owners in the watershed. The
agreement called for the stocking of alewives in the program’s initial years to build up the population
size, with eventual fish passage later. The original agreement was modified in 1998 and incorporated
into the Kennebec River Settlement Accord which resulted in the removal of the Edwards Dam in 1999.
The new agreement continued funding for the anadromous fish restoration program and established
new dates for fish passage. The alewife restoration program in the Kennebec River focused on stocking



lakes and ponds in the Sebasticook River watershed and Seven Mile Stream drainage. Many of these
habitats now have permanent fish passage and contribute significantly to the river herring runs on the
Kennebec and Sebasticook rivers.

Fish passage on the Saco River became available in 1993 when Central Maine Power built fish passage
facilities at the Cataract dam located at head-of-tide (dam and passage facilities now owned and
operated by Florida Power and Light). The amount of habitat for alewives is limited in the Saco River
drainage, but a remnant of the former run continues as the result of a trap and truck effort to the
Skelton Dam headpond by the dam’s owners. Passage became available at Skelton in 2002 with the
installation of an inclined fish lift by Florida Power and Light.

5.7.2 Hatchery Evaluation

There are no hatcheries in Maine raising juvenile river herring for current restoration programs. The high
costs of developing and supporting a long-term hatchery program prevent the state from exploring a
hatchery program as an option for restoring river herring runs in Maine.

5.7.3 Fish Passage efficiency

The goal for fish passage efficiency at hydropower dams is 100 percent depending on environmental
conditions. In reality, many of the upstream fish passage facilities are well below this goal. Upstream
efficiency studies are routinely part of FERC licensing requirements and conducted with oversight from
the state resource agencies. River herring passage efficiency at state or town owned coastal fishways or
those leading into lakes and ponds are not routinely assessed. Run counts and biological data are
collected at these sites to assure that these facilities are passing fish and meeting passage goals. In
recent years rock-ramp or nature-like fishways have become increasingly popular for passing river
herring. Their ability to maintain water levels, aesthetic features and excellent upstream passage make
these fishway types a good fit for a number of passage locations.

5.7.4 Trap and transport

State resource agencies use trap and transport to maintain or rebuild extirpated runs along the Maine
coast. Trap and transport also provides passage around dams without fishways and enhances runs with
poor upstream passage. The trap and transfer programs stock 100,000 to 200,000 fish annually into
spawning habitats that do not have upstream fish passage. As the number of upstream fish passages
increase the need to truck fish decreases, allowing more time for biological assessment.

5.8 AGE
The maximum age for alewife and blueback herring in Maine is nine years (Libby 1980, Walton 1983).
These ages are from river herring captured in commercial fisheries conducted in the 1970s and 1980s
and still occur in the commercial fisheries conducted in 2016. Walton and Libby used ageing techniques
developed by Marcy 1969, Rothschild 1963, and Norden 1967. As of 2000 in addition to Marcy,
Rothschild and Norden fisheries staff also refer to Cating (1950), Marcy (1969), and Rothschild (1963) to
determine the age of returning river herring. The method developed by Cating for American shad, may
not be suitable for river herring and staff use caution when using the methodology developed by Cating.
Maine does not have a reference set of known age fish used to validate scale ages using Cating’s
method.
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5.9 FISHERY DESCRIPTIONS

The predominant Maine river herring fisheries are directed fisheries located at head-of-tide or above.
The municipality that owns the fishing rights and the State of Maine manage these fisheries
cooperatively. Traditionally the town owning the rights leases the rights to an individual fisherman or
hires a fisherman to harvest the run for the town. These fisheries operate under a population and site-
specific management plans that maintain and conserve spawning stock biomass.

Commercial fisherman are prohibited from targeting river herring in coastal waters using seines, weirs,
gill nets or fish traps. The coastal fisheries for lobster bait ended in 2012 with the AMSFC moratorium
on directed fisheries that could not meet sustainability guidelines. Our current knowledge of mixed
stocks in coastal waters makes an assessment of the fishery and subsequent determination of
sustainability impossible.

There are few recreational anglers fishing for river herring in the state of Maine. Access to most fishable
locations are within municipalities that hold exclusive harvest rights. Where recreational anglers have
access to river herring the daily limit is 25 fish taken by dip net or rod and reel.

5.9.1 Commercial fisheries

The municipal river herring fisheries conducted in Maine rivers are site specific and all commercial runs
are unique in terms of species composition, run size, and harvest location. The harvest methods and
local control of these fisheries make comparing the runs difficult. Four municipal commercial runs
dominate the commercial landings for the State of Maine. These fisheries occur on small coastal river
systems, some with limited spawning and nursery habitat. Despite the unique character of the runs in
Maine, commercial catches have declined compared to historic levels of harvest (Figure 5.8)

The commercial harvesters are required to collect biological data from commercial catches. In addition,
there is mandatory reporting of annual landings for each commercial fishery operated by a municipality.
Funding and personnel limitations do not allow state resource management agencies an opportunity to
collect this information. In 2008, MDMR asked all commercial fishermen to voluntarily collect scale
samples from the commercial catches to determine the age structure and repeat spawning of fish
returning to natal streams. The majority of commercial fishermen did collect samples, but there were
some fishermen who did not participate. These data are in the Maine Sustainable Harvest Plan provided
to the American shad and River Herring Technical Committee. During the preparation of this plan,
additional age data from the 1942 report “Restoration and Management of the New England Alewife
Fisheries with Special Reference to Maine” by Rounsfell and Stringer (1943) were discovered.

Libby (1982) sampled the commercial alewife fishery at Damariscotta Lake in 1980 and found that the
mean total lengths of alewives during that year for both sexes were larger than those observed today at
the Brunswick and Sebasticook river fishways (Table 5.1, 3.2, and 3.3).

Damariscotta Lake

The Damariscotta fishery is one of the most studied in Maine. Local residents built the fishway in 1803
and modified several times over the last 200 years. Modifications to the free stone masonry structure
were to repair damage or improve passage and modify holding pools. Still the efficiency of this fishway
varied 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
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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.

In the early 2000s an assessment of the fishway by the U.S. Fish & Wildlife Service indicated the need to
modify and/or repair four sections of the fishway. The 150-meter stone pool and chute fishway that
historically passed river herring into spawning habitat at Damariscotta Lake was replaced with a
concrete pool and weir fishway. The elevation of the 1,781-hectare lake is 16 meters above mean high
tide. A multi-year project commenced to completely rebuild the fishway. The fishway rebuild occurred
over four years and the Department observed an immediate improvement in passage efficiency. Since
the completion of the project annual runs as high as 1-million fish have ascended the fishway.

Harvesters trap fish in a side channel at the base of the fishway that provides supplemental attraction
water. The commercial fishery operates four days a week during the duration of the run and
unobstructed upstream passage is available all season. The towns of Newcastle and Nobleboro monitor
the numbers of fish entering the lake. The number of fish entering the lake are counted during a ten
minute period each hour and expanded to the hours of operation (Figure 5.9).

St. George River

The St. George River fishery is located at head-of-tide in the St. George River. An extensive weir system
closes the river to all upstream passage. The weir is not placed in the river until May 15" and after a
significant number of fish have passed upstream. The weir operates five days a week and is open 2 days
a week to allow upstream passage for spawning fish. Spawning escapement is not monitored, but
assumed to be two fifths of the annual run. Due to the expanse of the weir, environmental conditions,
especially river flows during the spring, affect the harvest. The weir frequently lifts off bottom and
breaches due to accumulated debris on the weir mesh.

Harvesters hold live river herring in a trap at the head of the weir prior to sale. Fish that are not sold can
be released alive to continue their migration upstream to spawn. The St. George fishery is one of three
fisheries that also include blueback herring. Alewives as old as nine and blueback herring as old as eight
were sampled from this fishery in 2016 and regularly produces some of the oldest fish found in any of
Maine’s river herring runs.

The St. George run remains one of the most intensively fished runs in Maine (Figure 5.10). Seven ponds
within the watershed provide spawning and nursery habitat. The amount of habitat available to alewife
increased in 2003 with the construction of a rock ramp fishway at Sennebec Lake. Restoration efforts in
the watershed continue. The DMR plans to construct upstream passage into several lakes and ponds in

the watershed in the future.

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
the hydropower station. The FERC license requires transporting river herring around the dam by
Brookfield Renewable, LLC the dam owners. 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.
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The fishery on the Union River is relatively new and provides a large number of alewives for commercial
use, primarily lobster bait (Figure 5.11). The Union River fishery is unique because of known escapement
rates. The resource agencies can manipulate these rates and correlated them directly to harvest.to
determine the effects of escapement on returns. As with most other directed alewife fisheries in Maine,
water flows influence the number of fish that are available to commercial harvesters. This was evident
in 2005 when extreme high flows prevented alewives from reaching commercial fishing locations and
destroyed commercial fishing gear.

Orland River

The Orland River fishery operates four days a week, allowing a three-day escapement period per week
(Figure 5.12). Two Alaska Step Pass fishways provide upstream fish passage into a series of lakes that
support spawning. In addition to the alewife run there is a significant blueback herring run that occurs
on the Orland River. The commercial harvest ends prior to the majority of these fish reaching spawning
locations and escapes the fishery. The fishery occurs at head of tide and like most river herring fisheries,
high water and fluctuations in flows affect run timing and strength.

Ocean, Coastal, and In-river Fisheries

For decades, pressure has increased in the coastal zone to catch pelagic fish species as bait for the
Maine lobster fishery. Most of the fisheries focused on Atlantic herring or menhaden that could be
caught in large numbers with mobile gear. There are no directed river herring fisheries in main stem
rivers below head of tide. The same is true in the coastal and ocean regions under the jurisdiction of the
State of Maine. There is a strict 5% river herring bycatch tolerance for all vessel participating in these
coastal and ocean fisheries and landing in Maine. All fishermen are required to report landings if they
have a permit to harvest Atlantic herring and after January 1, 2011 fishermen must purchase a Pelagic
License and meet mandatory reporting requirements. For many years the NMFS and State of Maine
landings program attempted to record commercial river herring landings in the Atlantic herring fishery
and bait gillnet fishery. However, the State of Maine did not require mandatory reporting for these
fisheries prior to 2002 (Table 5.4, 3Table 5.5, Table 5.6).

5.9.2 Bycatch Losses

The data collected to determine bycatch losses come from Vessel Trip Reports (VTR) required for all
federally permitted fishing vessels. The weight of bycatch is often estimated by fishermen and not an
accurate weight or number. There is no means to verify these catch weights or determine the amount
of under-reporting or misidentification of species reported.

River herring bycatch occurs in all small mesh fisheries conducted along Maine’s coast. Bycatch by
weight inside Maine territorial waters among the small mesh otter trawl fisheries is low, based on sea-
sample data collected from these fisheries in past years and time of year when these fisheries occur
(Table 5.7 and Table 5.8). The small mesh fisheries with the highest bycatch target whiting and had
targeted northern shrimp during the fall and winter respectively. Bycatch is limited to juvenile fish and is
small compared to the catch numbers of the target species. The mid-water trawls do catch river herring,
though there is not enough observer coverage to determine how much, or where, this bycatch occurs.
This is a current concern to many researchers trying to rebuild stocks of Alosines.
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5.9.3 Recreational Fisheries

There are not a large number of recreational anglers pursuing river herring in Maine. In Maine there is
no survey or mandatory reporting required of recreation fishermen. The MRIP survey does indicate that
recreational fishermen fishing for river herring were interviewed while fishing for river herring in Maine.
Based on MRIP recreational catches are low with high PSE values.

5.10 FISHERY-INDEPENDENT SURVEYS
5.10.1 Adult Catch Data

Fishery independent adult catch data is limited to biological data collected at three state operated
fishways, volunteer efforts to collect biological information because of Amendment 2 and the Maine-
New Hampshire Inshore Trawl Survey. State fisheries personnel collect biological samples throughout
the run on the Androscoggin, Kennebec and Sebasticook rivers. Data include weight-length, species
composition, scale samples, and intermittent gonad weights. In addition to biological data, staff collects
run counts, trap and transfer numbers, and species community data. When several species of
anadromous fish are present samplers will separate species of river herring and collect sample
information.

An increasing number of volunteers and conservation groups are collecting limited data on several non-
commercial river herring runs. These data are collected at additional locations to assess changes made
to upstream passage facilities, collect biological data to start a commercial fishery, or monitor run size.
These changes typically occur at fishways that lead to upstream spawning and nursery habitats. Data
collection occurs for one or more years depending on historic data and the need to acquire additional
data to assess any changes in these populations.

The Maine-New Hampshire Inshore Trawl Survey provides data from the near shore coastal areas of
Maine and New Hampshire to the Massachusetts boarder. The trawl survey occurs semi-annually in the
spring and in the fall. The survey samples 90 stations randomized over towable bottom within five
survey strata. The time series for the trawl survey is extensive and becomes more valuable as the
number of sample points increase. The trawl survey data has supported the last two river herring
assessment updates.

5.10.2 Age Composition

Collection of age data occurs at fish passage facilities on the Androscoggin, Kennebec and Sebasticook
rivers. Data collection started at the newly constructed Lockwood fishway on the main stem Kennebec
River in 2005. Staff collects a limited number of samples annually throughout the duration of these river
herring runs. Since 2008, all directed commercial fisheries are required to collect scale samples that
provide age and repeat spawning data for each run respectively. In addition, a number of volunteer and
conservation groups are collecting scale data on non-commercial runs in hope of restoring these runs.

Age composition for alewives in the commercial catches run from 3 years to 9 years. The majority of the
first time spawning fish are 4 to 5 years old and typically make up the majority of the annual run.
Blueback herring ages range from 2 years to 8 years old with the majority being 4 to 5 years old fish.
Because so few bluebacks are harvested there may be older fish that are not being sampled.
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5.10.3 Androscoggin River

Androscoggin River alewife age data exists for most years from 1983 through 2016. The anadromous fish
restoration program on the Androscoggin River began in 1983 when Central Maine Power Company
constructed upstream fish passage at the head-of-tide. The age structure of returning adult alewives
does not appear to change significantly between years. Data collected during the early years of the
restoration project are similar to data collected for the past three-year period (Table 5.9).

There is no commercial fishery conducted on the Androscoggin River. However, there are a number of
hydropower dams between head-of-tide and spawning and nursery habitat. Three hydropower dams
exist on the main stem Androscoggin River and four on the Little Androscoggin River. The role these
hydropower stations have on the age structure is unknown, though assumed to significantly impact
survival of downstream adult migration.

5.10.4 Sebasticook River

The Sebasticook River is a major tributary to the Kennebec River that historically produced large runs of
anadromous fish. Removal of Edwards’ Dam at the head-of-tide in Augusta, Maine, in 1999, opened
several miles of river to free passage for all anadromous fish species. After removal of Edwards, the Ft.
Halifax Dam, located on the Sebasticook River, became an obstacle to upstream passage. Trap and
transfer operations moved from Edwards Dam to Ft. Halifax. For a short period, an intense river herring
fishery existed below the Ft. Halifax Dam. The fishery peaked in 2005 with several thousand fish
harvested, but much of this harvest was unrecorded. The effect of this harvest is apparent in the ages of
alewife sampled in 2003 (Table 5.10)

Biological sampling began at Ft. Halifax in 2000. Like the Androscoggin biological data collection, these
biological data are a mix of several different stocks of alewives that use the Sebasticook River to access
spawning habitat upstream. When fisheries staff collects biological samples, the stock of origin is
unknown. These data do provide a reasonable estimate of some biological parameters but may not be
representative of a particular run or stock. The dam owner removed Fort Halifax dam in 2008 instead of
building a fishway. The Benton Falls hydropower dam located 6 miles upstream of the Fort Halifax site is
now the first barrier on the river. There is fish passage at Benton and Burnham that provide upstream
passage into a number of spawning habitats upstream. Since 2008 a significant increase in blueback
herring and alewife have occurred in the Sebasticook River. Counts in 2016 indicate more than 1-million
blueback herring passed upstream.

5.10.5 Juvenile Catch Data

The State of Maine conducts an annual juvenile alosine survey for six Maine rivers including
Merrymeeting Bay. This survey samples for all juvenile alosines managed by the state resource
agencies. The survey began in 1979, covering 17 fixed stations as well as data from a separate juvenile
striped bass survey designed to assess the numbers of juvenile striped bass in the lower Kennebec River.
The Juvenile Alosine Survey for the Kennebec/Androscoggin estuary monitors the abundance of juvenile
alosines at 14 permanent sampling sites. Four sites are on the upper Kennebec River, three on the
Androscoggin River, four on Merrymeeting Bay, one each on the Cathance, Abadagasset, and Eastern
rivers. These sites are in the tidal freshwater portion of the estuary. Since 1994, MDMR added six
additional sites in the lower salinity-stratified portion of the Kennebec River.

15



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

The number of adult blueback herring spawning in Maine rivers is difficult to assess. These fish are
limited to the main stems of rivers below the first upstream obstruction, typically a dam. Although
some dams do have upstream passage facilities, blueback herring are reluctant to use these passages.
Blueback herring rarely use the Brunswick fishway, though fishway staff observes large numbers of
blueback herring spawning directly below the fishway in the tailrace.

The survey does not do as good a job of indicting the spawning success of alewife. Little if any spawning
occurs in Merrymeeting Bay or the lower portion of Maine tidal rivers. Alewives are likely captured in
the bay as they rest and feed along their downstream migration routes. A number of environmental
factors may influence number of alewives in the bay at a given time. High water levels that facilitate
downstream passage and colder water temperatures, believed to trigger downstream migration, may
increase the number of juveniles in the bay at a given time.

5.11 ASSESSMENT APPROACH(S) AND RESULTS

Little formal assessment of any of Maine’s river herring resources have occurred during the past several
decades. Crecco and Gibson (1990) did conduct a formal assessment of the Damariscotta Lake run and
indicated that the run was severely over fished. Crecco used the Shepherd Stock Recruitment model to
estimate maximum sustainable yield, annual fishing rate at MSY, and project harvest levels that would
cause collapse of the fishery. Crecco concluded that the Damariscotta run was harvested at levels that
indicated stock recruitment failure was apparent.

Maine and ASMFC fisheries staff completed a comprehensive, though less detailed, assessment of
several Maine river herring runs in 2010 and 2015 to meet the Amendment 2 to the American Shad and
River Herring Plan. These analyzes used a number of biological datasets, harvest rates, and escapement
rates to estimate population size and composition for each commercial and some non-commercial river
herring runs in Maine. For most commercial fisheries the biological datasets are short, beginning in
2008 through the present. Reported harvest and estimated escapement provide a longer time series of
data, many runs having data through the 1950s.

5.11.1 Spawning Stock

Data from adult fisheries independent surveys indicate that the number and weights of alewife are
trending upward or are stable for the past several years (Figure 5.13 and Figure 5.14). The trends of
blueback herring in the survey indicate variable catch numbers and catch weights during the past several
years with no apparent trend (Figure 5.15 and Figure 5.16).
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5.11.2 Trends in Age

Analysis of alewife scale samples collected from the Androscoggin and Sebasticook rivers indicates that
returning fish are most often 4-5 years old. Blueback herring are predominately 3 to 5 years old. The
numbers of river herring older than six years represent a small proportion of the adults sampled. This is
an apparent shift in the age structure for all Maine river herring runs, commercial and non-commercial
from the mid-1980s, but similar to length data collected in the 1940s. Scale samples collected from 15
commercial fisheries in 2008 had few river herring over 6 years of age. While commercial catches in the
1980s commonly had fish as old as 8 years of age. Since 2010 larger number of older fish do appear in
the samples collected, but still remain a small percentage of the fish sampled.

5.11.3 Juvenile Stock

Results of the annual juvenile alosine survey indicate that annual production of alewife and blueback
herring within the sample area and migration timing through the sites vary widely year-to-year (Table
5.11 and Table 5.12; Figure 5.17 and Figure 5.18). Prior to 1992, the number of blueback herring
captured were low and sporadic, occurring only occasionally during the sample season. The survey time
series for both species does indicate a stable or slightly increasing population. The juvenile survey
results are a better indication of annual blueback herring spawning success.

5.12 BENCHMARKS

There are no previous benchmarks established for the Maine river herring fisheries other than Crecco’s
estimation of Z (3.22), u (0.891), and F (2.20) for the Damariscotta fishery in the 1970s. Estimates of Z for
most of the river herring fisheries are not as high as the value Crecco observed in the 1970s.

5.12.1 Total Mortality

Prior to 2008, limited biological data were collected from the Maine municipal river herring fisheries.
However, researchers did collect data during studies conducted at Damariscotta Lake in the late 1970s.
Currently DMR staff collects age data on the Androscoggin, Kennebec and Sebasticook rivers while
monitoring upstream fish passage. These data are used to calculate the total mortality (Z) for alewife
runs from these rivers, with total mortality calculated separately by sex for each year and river system.

Since the inception of Amendment 2 in 2008, DMR has requested that commercial harvesters, volunteer
and conservation groups collect scale samples from commercial and non-commercial river herring runs
along the Maine coast. In 2016 harvesters and conservation groups collected scale samples from 33
runs. Commercial fishing occurs on some runs while others remain closed for conservation or were not
fished within the past five years.

The DMR asked harvesters and others to collect samples from 25 fish every week during the duration of
the run. Most harvesters fishing commercial runs were able to provide the number of scale samples
requested. Commercial harvesters also volunteered to provide coverage at locations that are
temporarily closed or have been closed for several years. The number of scale samples collected from
runs that are temporarily closed, or closed for more than five years, were typically less than the number
requested (Table 5.13).

Commercial river herring fisherman began collecting scale samples from catches of river herring
returning to natal rivers to spawn. These samples provide a basis to estimate total mortality for all the
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runs fished in Maine. Fisherman continue to collect scale samples under the direction of the DMR and
as part of the municipal harvest plans. In addition, a number of volunteer and conservation groups have
collected data from non-commercial streams.

Calculation of total mortality estimates occurred for all runs regardless of the number of samples
collected. All sample locations that had corresponding sex data are included in the combined z-
estimates in each figure. Heinke and Chapman-Robson methods were used to obtain Z-estimates. We
used these methods because of the limitations of the number of age data classes that the Catch-Curve
method requires for the analysis (Figure 5.25, Figure 5.26, Figure 5.27, and Figure 5.28).

The Department explored several methods to estimate Z, including Catch Curve, Heinecke, and
Chapman-Robson. Each of these has advantages when working with limited data sets. The Catch Curve
was most restrictive, needing a number of age-classes in order to conduct the analysis. The Chapman-
Robson method addresses biases present in the Catch Curve analysis and is used as a standard in the
2015 update.

Age data analyzed from scale samples collected since the inception of the Sebasticook River run reflect,
in part, the high fishing pressure exerted on this population from 2002 through 2005 (Figure 5.19, Figure
5.20) Fishing regulations allowed unrestricted access to these fisheries resources during this period.
DMR assumed management of this resource from the Department of Inland Fisheries and Wildlife in
2007. Limited commercial fishing started in 2009 on the Sebasticook River after fishing rights were
transferred to the Town of Benton. The annual mortality estimates for males and females differ at this
location. The reasons for these differences are not clear. The Sebasticook River was a source of
broodstock for a number of restoration projects east of the Kennebec River, but with increased passage
these fish are no longer needed as brood stock. The Sebasticook River run ranges between 2.5 and 3.5
million fish annually and comprised of both alewife and blueback herring..

The age data presented in this analysis are from scale samples collected at the Brunswick Fishway since
it opened in 1983. Much of the raw data are no longer available for analysis, but all available data
contributed in calculating the Z-estimates (Figure 5.21 and Figure 5.22). Trend lines fitted to the male Z-
estimates were flat for the years of data that were available and the Z-estimates for females indicated a
slight upward trend. The Androscoggin River alewife run is small compared to the Sebasticook run. The
annual run averages 52,000 individuals. There is not a commercial fishery on the Androscoggin River.

Z-estimates calculated using the Beverton-Holt model were compared to the Catch-Curve, Heinke, and
Chapman-Robson models. The Beverton-Holt trends are similar for the Androscoggin and Sebasticook
rivers, and indicate decreasing Z-estimates for both sexes of alewives for the period 2010 — 2016 (Figure
5.23 and Figure 5.24).

5.13 CONCLUSIONS AND RECOMMENDATIONS

Maine commercial river herring landings are down when compared to levels of reported harvest in the
1950s though commercial river herring landings are not an accurate measure of Maine’s current river
herring stocks. The majority of the river herring fisheries in Maine are closed to directed commercial
harvest as a conservation measure. River herring in the main stem of nine of the state’s nine largest
rivers are not exploited by commercial fishermen.

The directed commercial fisheries at some locations have declined but the causes for the declining
landings are not clear. These declines are likely the cause of a number of factors including
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environmental conditions, bycatch, habitat degradation, predation, and lack of adequate upstream and
downstream fish passage. The same trends appear at locations where the stock is not commercially
fished. Currently all directed fisheries continue to maintain self-sustaining fisheries for river specific
stocks.

Bycatch of juvenile river herring in coastal waters appears to have decreased during the past several
years. This decrease in catch is a combination of eliminating directed river herring in the coastal areas
and bycatch in other small mesh fisheries inside and outside three-miles of Maine’s coast. Bycatch and
directed river herring landings are self-reported and may not accurately reflect the number river herring
captured or discarded. In 2011, a commercial fishing license is required for anyone who fishes for any
pelagic species using any gear type. This license creates a database of small mesh gear fisherman for a
proposed bycatch sampling program in Maine coastal waters. The bycatch sampling program will focus
on Alosines, alewife, blueback herring, and American shad captured as bycatch in the Atlantic herring,
Atlantic Mackerel, and Atlantic menhaden fishery.

The DMR maintains a number of non-commercial runs through stocking while the state resource
agencies pursue upstream and downstream passage into historic spawning habitats. None of the
directed fisheries are stocked with spawning fish and all are expected to maintain self-sustaining
populations through implementation of their management plans. Management of directed river herring
fisheries in Maine incorporate management actions to conserve populations of spawning fish through
gear restrictions, closed seasons, and fishing area closures. These management actions are enforced
though the Maine Marine Patrol and law enforcement action at the local level. Management plans exist
for all municipally owned directed fisheries, each approved by DMR.

During the 2016 fishing season fisheries staff monitored the majority of the directed fisheries and
collected biological data. These data provide information for a comprehensive stock assessment for
runs that are actively fish and affected by directed fishing effort. Biological data collection is difficult
because of the geographic area over which these fisheries occur, the number of fishing locations and
limited personnel resources. Increased sampling is important to effectively manage the existing
resources and assess the effectiveness of current management actions.

The limited data that are available indicate that the current population of river herring in Maine is stable
at current level and in some instances increasing. Mortality estimates for the Androscoggin and
Sebasticook rivers are lower than those calculated by Crecco in the 1980s. Juvenile index survey data
indicate increasing populations of blueback and alewife in Merrymeeting Bay. Analysis of mean length
and weight data indicate variable trends in weights and lengths at those locations where sampling does
occur.

5.13.1 Recommendations

1. Increase sampling of stock specific runs that support directed commercial fisheries.
Increase upstream and downstream fish passage into historical spawning and nursery habitats.
3. Quantify bycatch of river herring in ocean fisheries, especially within three miles of the coast.

N
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Table 5.1 Mean Total Lengths of Fishery Dependent Catches at the Damariscotta Fishway

Mean Total Length (mm)

Date Number Sampled Males SE Females SE
5/6/1980 50 305.5 1.7 316.2 2.2
5/8/1980 50 300.4 1.8 316.6 1.6
5/12/1980 50 305.2 1.7 310.2 2.0
5/14/1980 50 304.1 1.6 315.4 2.3
5/16/1980 37 304.4 1.6 312.9 2.2
5/18/1980 50 301.6 1.8 308.5 1.6
5/20/1980 50 299.9 15 311.0 14
5/22/1980 50 302.0 1.4 309.0 1.8
5/24/1980 50 292.7 1.8 302.0 1.7
5/26/1980 50 299.3 1.5 308.3 1.8
5/28/1980 50 296.3 1.7 305.9 25
5/30/1980 50 295.7 1.7 304.2 1.8
6/1/1980 45 298.0 1.9 307.7 2.2
6/3/1980 44 293.4 2.2 307.2 2.3
6/5/1980 35 299.0 2.7 305.3 24

Table 5.2 Mean Total Lengths of Fishery Independent Catches at the Brunswick Fishway.
Mean Total Length (mm)
Date Number Sampled Males SE Females SE
5/13/2008 50 268.1 287.1
5/17/2008 50 270.6 281.4
5/21/2008 50 256.0 267.7
6/4/2008 50 267.9 279.0

Mean Total Length (mm)

Date Number Sampled Males SE Females SE
5/12/82016 50 289.8 303.4
5/18/2016 50 278.4 285.2
5/25/2106 50 282.4 280.6
6/1/2016 50 271.0 280.1
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Table 5.3 Mean Total Lengths of Fishery Independent Catches at the Sebasticook Fishway.

Mean Total Length (mm)

Date Number Sampled Males SE Females SE
5/9/2007 100 282.1 290.2
5/13/2007 100 267.5 280.9
5/14/2007 100 277.2 281.5
5/16/2007 100 278.9 282.6
5/21/2007 100 276.6 287.4
5/24/2007 100 273.8 278.6
5/26/2007 100 265.3 274.4
5/28/2007 100 271.7 277.8
6/6/2007 98 255.3 266.2
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Table 5.4

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015*

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015*

Ocean / Coastal Commercial Harvest (Kg)

Combined Direct and Non-Direct Ocean, Coastal, In-River Alewife Harvest.

Gill net Weir Pound/Trap net
Total Mean Total Mean Total Mean
N weight weight N weight weight N weight weight
22 1,887 86 1 5 10 0
22 2,754 125 0 2 23 11
30 5,599 187 1 9,923 9,923 5 68 14
32 1,194 37 12 1,580 132 0
20 591 30 1 9,450 9,450 30 3,771 126
30 254 8 1 0 0 1 3 3
56 66 1 0 20 3,464 173
37 617 17 0 36 4,526 126
32 986 31 18 4,382 243
1 213 213 1 145,640 145,640 10 435,874 43,587
0 0 0 1 126,150 126,150 10 633,692 63,369
2 513 257 1 70,100 70,100 2 17,220 8,610
0 0 0 1 175,840 175,840 11 440,910 40,083
1 6 6 1 44,600 44,600 2 63,998 31,999
*preliminary data
Unknown Gear Type Other Gear(cast net, dip net) Total
Total Mean Total Mean Total Mean
N weight weight N weight weight N weight weight
9 0 23 1,900 83
149 0 24 2,925 122
106 6 250 93 42 15,945 380
35 0 44 2,808 64
62 14 253 40 65 14,127 217
81 0 32 4,349 136
0 33 5724 173 109 9,254 85
0 1 315 700 74 5,457 74
0 12 358,661 29,888 62 364,084 5,872
0 16 740,635 46,290 28 1,322,438 47,230
0 1 6 0 12 759,848 63,321
0 23 851,191 37,008 28 941,354 33,620
0 17 673,433 39,614 29 1,290,183 44,489
0 10 255,934 25,593 14 445,573 31,827

*preliminary data
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Table 5.5

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015*

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015*

Direct and Non-Direct Ocean / Coastal Blueback Herring Harvest.

Blueback Herring Ocean / Coastal Commercial Harvest (Kg)

Gill net Weir Pound/Trap net
Total Mean Total Mean Total Mean
N weight weight N weight weight N weight weight
22 0 0 5 450 90 5 275 55
22 203 9 30 1,024 34
30 135 5 12 464 39
32 101 3 20 662 33
20 149 7 16 640 40
30 596 20 6 262 44 23 3,066 133
56 2,001 37 3 1,329 443 18 195 11
37 435 12 2 124 62 38 6,590 173
32 26 26,470 1,018
0 0 0 1 36,660 36,660 5 17,983 3,597
0 0 0 1 42,050 42,050 3 1,931 644
0 0 0 1 73,600 73,600 1 690 690
0 0 0 1 43,960 43,960 2 81 41
0 0 0 1 133,800 133,800 0 0 0
*preliminary data
Otter Trawl Other Gear(cast net, dip net) Total
Total Mean Total Mean Total Mean
N weight weight N weight weight N weight weight
3 203 68 295 35 1,223 35
0 52 1,226 24
0 42 599 14
0 52 763 15
3 2,093 698 2,109 39 4,990 128
59 3,924 67
77 3,615 47
77 7,149 93
58 26,470 456
0 0 0 0 0 0 6 54,643 9,107
0 0 0 0 0 0 4 43,981 10,995
0 0 0 4 1,899 475 6 76,189 12,698
1 9 9 0 0 0 4 44,050 11,013
0 0 0 0 0 0 1 133,800 133,800

*preliminary data
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Table 5.6

2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Table 5.7

Bait Gill Net Permit Holders and Active Participants.

Bait Gill Net Fishery

Permit Holders  Active Permits

Number of Nets

Sq. Yards of Net

Hours Fished

92
340
286
284
258
299
370
378
269
283
259
222
189
173

22
22
30
32
20
30
56
37

1

N 1

[EY

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown
unknown

unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited
unlimited

In 2011 the Bait Gill Net Permit was discontinued and replaced with the Pelagic
Fisheries license. Any individual that catches pelagic species in state waters
waters is required to purchase this license and report landings. Bait Gill Net

fishermen are required to report under the new Pelagic License.

Alewife Bycatch Maine Otter Trawl Fisheries.

Alewife Bycatch in Otter Trawl Fisheries (VTR data)

Total Effort Total Catch CPUE
Year Effort (hours fished) Reported (Kg) hours fished
2002 52 9 0.2
2003 200 150 0.7
2004 228 107 05
2005 195 35 0.2
2006 242 62 0.3
2007 305 0 0.0
2008 108 0 0.0
2009 165 0 0.0
2010 24 0 0.0
2011 19.16 0 0.0
2012 11.74 0 0.0
2013 23.97 0 0.0
2014 0 0 0.0
2015* 0 0 0.0

* Preliminary data

25



Table 5.8 Blueback Herring Bycatch Maine Otter Trawl Fisheries.

Blueback Herring Bycatch in Otter Trawl Fisheries (VTR data)

Total Effort Total Catch CPUE
Year (hours fished) Reported (Kg) (hours fished)
2002 3 293 250.0
2003 0 0 0
2004 0 0 0
2005 3 1 0.8
2006 6 2,093 775.0
2007 0 0 0
2008 0 0 0
2009 0 0 0
2010 0 0 0
2011 0 0 0
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015* 0 0 0
*Preliminary data
Table 5.9 Alewife Age Structure from Samples Collected at the Brunswick Fishway.

Androscoggin River - Brunswick Fishway

2016 2015 2014 1995 1994 1993
Males Females Males Females Males Females | Males Females Males Females Males Females
Age 3 13 12 4 2 3 2 0 0 33 6
Age 4 66 47 23 9 36 38 48 45 19 12
Age 5 30 20 2 8 6 26 25 20 14 7
Age 6 9 2 0 2 0 11 1 2 4 7
Age 7 1 2 0 0 0 0 0 1 1 1
Table 5.10 Alewife Age Structure from Samples Collected at the Ft. Halifax and Benton Fishways.

Sebasticook River - Ft. Halifax Fishway

2016 2015 2014 2003 2002 2001
Males Females Males Females Males Females | Males Females Males Females Males Females
Age 3 8 1 0 2 42 34 21 15 6 0
Age 4 23 20 8 14 20 26 65 53 65 44
Age 5 6 4 6 5 8 11 29 28 21 10
Age 6 0 1 3 3 0 0 6 4 3 2
Age 7 0 0 0 1 0 0 0 0 2 0
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Table 5.11 Juvenile Alosine Survey - Alewife.

Alewife
Arithmetic Mean Geometric Mean
Year Sample Size  Total Catch Mean SE Mean LCI UCI
1979 45 197 4.38 14.05 451 0.64 17.50
1980 57 338 5.93 6.56 164 0.48 3.70
1981 58 153 2.64 2.95 0.74 0.17 1.59
1982 59 137 2.32 5.72 0.90 0.12 2.22
1983 53 5,309 100.17 39.97 3.18 153 591
1984 45 696 15.47 5.31 0.94 0.40 1.70
1985 42 287 6.83 2.38 0.89 0.40 1.55
1986 62 404 6.52 152 143 0.84 221
1987 60 1,294 2157 5.38 2.33 1.33 3.74
1988 100 2,200 22.00 8.47 211 1.33 3.16
1989 92 1,741 18.92 4.40 2.46 151 3.76
1990 98 2,047 20.89 9.07 157 0.90 2.49
1991 88 3,979 45.22 21.32 2.40 1.34 3.94
1992 79 3,123 39.53 15.05 2.85 157 4.78
1993 76 1,386 18.24 6.12 2.16 117 3.60
1994 93 667 7.17 170 1.80 1.16 2.63
1995 110 3,351 30.46 8.54 443 2.89 6.56
1996 89 1,150 12.92 4.37 1.38 0.75 2.22
1997 110 1,754 15.95 5.50 179 1.10 2.72
1998 112 1,565 13.97 9.45 1.04 0.60 1.60
1999 108 4,325 40.05 13.96 244 1.44 3.87
2000 111 20,885 188.15 53.83 5.64 3.30 9.25
2001 129 2,344 18.17 5.36 147 0.88 2.24
2002 127 1,430 11.26 2.94 175 114 2.54
2003 114 4,664 40.91 16.29 2.34 142 3.62
2004 105 2,769 26.37 7.71 3.45 2.18 5.22
2005 112 1,238 11.05 3.45 117 0.67 1.82
2006 120 3,795 31.63 11.83 1.88 1.06 3.03
2007 119 1,211 10.18 341 124 0.72 1.92
2008 104 1,267 12.18 3.97 1.02 0.55 1.62
2009 111 857 7.72 2.10 139 0.86 2.06
2010 114 3,889 35.04 19.77 2.03 123 311
2011 117 1,338 12.05 3.92 119 0.69 1.83
2012 118 2,521 2271 14.89 101 0.56 1.59
2013 120 4,087 36.82 19.10 171 101 2.65
2014 120 2,055 1851 5.77 147 0.85 2.28
2015 112 3,502 3155 7.55 3.55 2.26 5.34
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Table 5.12

Juvenile Alosine Survey — Blueback Herring

Blueback Herring

Arithmetic Geometric
Year Sample Size  Total Catch Mean SE Mean LCI UCI
1979 45 0 0.00 0.00 0.00 0.00 0.00
1980 57 1 0.02 0.04 0.01 -0.02 0.03
1981 58 31 0.53 0.50 0.08 -0.06 0.25
1982 59 0 0.00 0.00 0.00 0.00 0.00
1983 53 0 0.00 0.00 0.00 0.00 0.00
1984 45 0 0.00 0.00 0.00 0.00 0.00
1985 42 0 0.00 0.00 0.00 0.00 0.00
1986 62 0 0.00 0.00 0.00 0.00 0.00
1987 60 25 0.42 0.26 0.05 -0.02 0.13
1988 100 13 0.13 0.10 0.03 -0.02 0.08
1989 92 9 0.10 0.07 0.03 -0.01 0.07
1990 98 4 0.04 0.03 0.02 -0.01 0.05
1991 88 0 0.00 0.00 0.00 0.00 0.00
1992 79 1,079 13.66 7.48 0.58 0.20 1.09
1993 76 47 0.62 0.62 0.05 -0.05 0.16
1994 93 289 311 132 0.38 0.15 0.66
1995 110 1,402 12.75 3.18 1.99 123 3.01
1996 93 620 6.67 5.93 0.30 0.09 0.55
1997 110 598 5.44 3.79 0.49 0.24 0.79
1998 112 562 5.02 2.07 0.69 0.38 1.08
1999 108 982 9.09 3.50 0.73 0.35 121
2000 111 1,086 9.78 9.46 0.15 -0.01 0.32
2001 129 273 212 0.90 0.30 0.13 0.50
2002 127 1,489 11.72 4.22 1.00 0.56 1.56
2003 114 1,697 14.89 7.79 0.90 0.47 1.44
2004 105 3,020 28.76 8.33 1.69 0.91 2.80
2005 112 1,526 13.63 571 0.65 0.29 111
2006 110 2,541 2310 14.86 0.68 0.30 1.16
2007 113 1,218 10.78 7.80 0.48 0.21 0.82
2008 104 244 2.35 121 0.37 0.17 0.60
2009 111 66 0.69 0.37 0.15 0.05 0.27
2010 114 122 1.07 0.49 0.27 0.12 0.43
2011 117 184 157 0.60 0.29 0.12 0.49
2012 118 305 2.58 178 0.26 0.09 0.45
2013 120 331 2.76 1.04 0.46 0.23 0.74
2014 120 1,355 11.29 5.13 0.57 0.25 0.98
2015 112 51 0.46 0.25 0.14 0.04 0.24
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Table 5.13 Alewife Run Locations Where Commercial Harvesters Collected Scales for Aging in 2008,
2010, 2016.

Run Location Commercial Fishery 2008 2010 2016

Saco River
Presumpscot River
Winnegance Lake
Dresden Mills
Sewall Pond
Nequassett Lake
Androscoggin
Vassalboro
Benton
Sheepscot River
Dyer River
Damariscotta River
Medomak River
Warren
Souadabscook River
Chemo Pond
Orland

Union River
Wights Pond
Pierce Pond
Walker Pond
Somes Pond

Seal Cove Pond
Grist Mill Stream
Flanders Stream
Patten Pond

Card Mill Stream
Gouldsboro
Pembroke
Cherryfield
Pleasant River
East Machias
Crawford Lake
Dennysville
Pembroke

Perry

St. Croix River

X X X X
XX XX XXXXXXXXX

XXXXXXXXXXXXXXXXXX

Z<XZZZKZ<K<<KZ<LK<LK<KZZZZZ<KLKZZ<Z<LK<L <K< <2< 2<<22Z
X X X X X
X

XXXXXXXXXXXXXXXXXXXXXX
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Figure 5.2 Length Frequency of Alewife Captured During the 2001 — 2015 Spring Inshore Trawl
Survey.
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Figure 5.3 Length Frequency of Blueback Herring Captured During the 2001 — 2015 Maine-New
Hampshire Spring Trawl Survey.
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Union River
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Figure 5.13 Total Number and Weight of Alewife Captured During the Fall Maine-New Hampshire
Trawl Survey.
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Figure 5.18 Arithmetic Means for Merrymeeting Bay — Alewife and Blueback Herring.
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Figure 5.19 Male Alewife Z Estimates for the Sebasticook River at Ft. Halifax and Benton Falls.
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Figure 5.20 Female Alewife Z Estimates for the Sebasticook River at Ft. Halifax and Benton Falls.
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Figure 5.21 Male Alewife Z Estimates for the Androscoggin River at the Brunswick Fishway.
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Figure 5.22 Female Alewife Z Estimates for the Androscoggin River at the Brunswick Fishway.
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Figure 5.24 Male and Female Alewife Z-Estimates for the Androscoggin River using Beverton-Holt
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Figure 5.25 Male and female Z-estimates (Heinke) of Alewife Captured at Eleven Commercial Runs in
2015.
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Figure 5.26 Male and female Z-estimates (Chapman-Robson) of Alewife Captured at Twelve
Commercial Runs in 2015.
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Figure 5.27 Male and female Z-estimates (Heinke) of Alewife Captured at Ten Commercial and Non-
Commercial Runs in 2009.
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and Non-Commercial Runs in 2009.
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6  Status of River Herring in New Hampshire
Contributors:
Kevin Sullivan and Michael Dionne

New Hampshire Fish and Game Department
225 Main Street, Durham, New Hampshire, 03824

6.1. INTRODUCTION

New Hampshire's coastal rivers once supported abundant runs of anadromous fish including river
herring (alewife and blueback herring) (Figure 6.1), American shad, and Atlantic salmon (Jackson 1944).
These and other diadromous species have been denied access to historical freshwater spawning
habitat since the construction of milldams as early as the 1600s but more dramatically during the
nineteenth century textile boom in most New Hampshire coastal rivers (Figure 6.2). Barriers eliminated
American shad and Atlantic salmon populations, but river herring only declined in numbers because
they utilized small areas of freshwater at the base of dams during spring runoffs for spawning.

Restoration of diadromous fish populations in New Hampshire began with construction of fishways in the
late 1950s and continued through the early 1970s by the New Hampshire Fish and Game Department
(NHFGD) in the Exeter, Lamprey, Winnicut, Oyster, and Cocheco rivers in the Great Bay Estuary (Figure
6.3, Figure 6.4, Figure 6.5, Figure 6.6, Figure 6.7) and the Taylor River in the Hampton-Seabrook
Estuary (Figure 6.8). These fishways re-opened acres of freshwater spawning and nursery habitat for
river herring, American shad, and other diadromous fish.

6.2. MANAGEMENT UNIT DEFINITION

NHFGD manages the river herring populations within state waters. Primarily river herring are
intercepted for biological sampling and enumerated at Department owned fish ladders at the head-of-
tide dams for management purposes. Individual river herring spawning runs in the Exeter
(Squamscott), Lamprey, Winnicut, Oyster, Cocheco, and Taylor Rivers were evaluated independently in
this report as units of the State’s river herring stock.

6.2.1. Exeter/Squamscott River

The Exeter River drains an area of 326 square km in southern New Hampshire (Figure 6.3). 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) 10.6 and the Pickpocket Dam at rkm 22.4 (each 4.6 km high). The next barrier above Pickpocket
Dam is a set of natural falls at rkm 32.9. NHFGD constructed upstream fish passage facilities (Denil
fishways) on both dams from 1969 to 1971 for anadromous fish, funded in part by the U.S. Fish and
Wildlife Service (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
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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. Periodic water quality monitoring has recorded declines in dissolved
oxygen (DO) between the two dams for some years since 1995 (Smith et al. 2005; Langan 1995).

6.2.2. 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
Lamprey River watershed is shown in Figure 6.4. The Macallen Dam, located at rkm 3.2 in Newmarket, is
the lowermost head-of-tide dam (8.2 m high) on the Lamprey River. Fish passage is provided by a Denil
fish ladder constructed from 1969 to 1970 for anadromous fish by NHFGD, funded in part by the USFWS.
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 Wiswall Dam (3.4 m high) is located 5.6 km above
the Macallen Dam and has a Denil fish ladder constructed in 2012 by the Town of Durham and operated
by NHFGD. The passage at Wiswall Dam provides access to an additional 12.6 km of spawning habitat.
Downstream migration at Wiswall Dam is provided by a stop log bay within the spillway that is opened
during the fish migration season.

6.2.3. Winnicut River

The Winnicut River drains a watershed of 36.8 square km in southeast New Hampshire (Figure 6.5). It
originates in the town of North Hampton and flows north through Greenland where it empties into
Great Bay. The last remaining dam on the main stem of the river, located at the head-of-tide at
approximately 3.2 rkm, was removed in 2009. A run-of-river fish passage structure was constructed in
2011 to enhance passage of river herring through the constriction of the river caused by the Route 33
Highway Bridge approximately 100 feet above the former dam.

6.2.4. Oyster River

The Oyster River drains a watershed of 27.5 km through southeast New Hampshire (Figure 6.6). 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 rkm 4.8. 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 7.7.

6.2.5. 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 (Figure 6.7). 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 5.5. 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 9.5.

The City of Dover currently owns the dam and leases the attached hydroelectric facility to Southern New
Hampshire Hydroelectric Development Corporation (SNHHDC). The Federal Energy Regulatory
Commission (FERC) requires SNHHDC to provide downstream fish passage and utilize a grating system
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to prevent small fish from passing through the turbines. The downstream passage system is a 24” PVC
tube emptying in a plunge pool below the dam. This system 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.

6.2.6. Taylor River

The Taylor River is located in southeastern New Hampshire and is about 17.1 km long (Figure 6.8). 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
5.1. There is a Denil fish ladder at this head-of-tide dam that was constructed in the late 1960s. Due to a
severely diminished spawning run and lack of a sampling trap at the Taylor River the NHFG decided to
discontinue daily monitoring. Beginning in 2015, the Taylor River fish ladder was opened to allow for
diadromous fish passage, but was only monitored on a weekly basis. Daily monitoring activities will not
be continued until further evidence of a river herring spawning run is observed. The next damis a
barrier to further fish passage and is located at rkm 6.9.

6.3. REGULATORY HISTORY

The regulatory history of river herring in New Hampshire state waters (inland and 0-3 miles) began in
1967. With the establishment of a permit and reporting requirement for residents or nonresidents
utilizing a seine, net, or weir for the taking of river herring. In 1987, the taking of river herring in state
waters on Wednesdays by any method was prohibited. New regulations were instituted in 2005 closing
a large section of tidal waters in the Taylor River and restricting harvest days in the Squamscott River in
Exeter. In 2012 the Oyster River and its tributaries were closed to the taking of river herring from the
head-of-tide dam downstream to its mouth at Great Bay. The new regulations were intended to allow
more river herring returns to the Exeter, Taylor, and Oyster river fishways.

The current regulations are:
Fis 603.01 River Herring.

(a) No person shall take river herring, alewives (Alosa pseudoharengus) and bluebacks (Alosa
aestivalis) from the waters of the state, by any method, between sunrise Wednesday and sunrise

Thursday of any week.

(b) Any trap or weir used during the period specified in paragraph (a) above, shall be constructed
so as to allow total escapement of all river herring.

(c) Any river herring taken by any method during the period specified in paragraph (a) shall be
immediately released back into the waters from which it was taken.

Fis 604.03 Taylor River. The Taylor River from the railroad bridge to the head of tide dam in Hampton
shall be closed to the taking river herring by netting of any method.
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Fis 604.04 Squamscott River.

(a) During April, May and June the taking of river herring in the Squamscott River and its
tributaries from the Rt. 108 Bridge to the Great Dam in Exeter shall be subject to the following:

(1) Open to the taking of river herring by netting of any method only on Saturdays and
Mondays;

(2) The daily limit shall be one tote per person. “Tote” means a fish box or container
measuring 31.5"x 18" x 11.5"; and

(3) The tote shall have the harvester’s coastal harvest permit number plainly visible on the
outside of the tote.

Fis 604.05 Oyster River. The Oyster River and its tributaries shall be closed to the taking of river herring
by any method from the head-of-tide dam at Mill Pond in Durham, 43°07°51.23”N, 70°55’08.20”W and
43°07'50.31”N, 70°55’08.04”W, downstream to the river mouth at Wagon Hill Farm and Durham Point, a
line extending from 43°07'31.87”N, 70°52’17.67”W to 43°07°20.18”N, 70°52'19.16"W.

6.4. ASSESSMENT HISTORY

New Hampshire has not conducted a formal river herring stock assessment, but did provide data for the
2012 coastwide benchmark stock assessment.

6.5. GENERAL LIFE HISTORY

Both alewives and blueback herring are found in the coastal rivers and streams of New Hampshire.
Alewives spawn from late-April to late-May when water temperatures have reached a minimum of 9°C.
Blueback herring typically spawn from early-May until the end of June when temperatures have reached
16° C. Typically alewives spawn in the slack water areas of rivers and impoundments while blueback
herring prefer faster moving water in rivers and streams. After utilizing the freshwater as nursery habitat
during summer months, the juveniles typically emigrate to the ocean from late-August through October.
The majority of returning adult river herring are between the ages of 3 and 5 years old.

6.5.1. Growth

From 1990 to 2015, the NHFGD has collected length, sex, species, and age data from fish ladders during
the spring spawning migrations (see section 6.8) in coastal river systems. Von Bertalanffy growth curves
for total length at age for male and female river herring are presented in Figure 6.10.

6.6. HABITAT DESCRIPTIONS

As stated in Atlantic States Marine Fisheries Commission’s Amendment 1 of the Interstate Fishery
Management Plan for Shad and River Herring (ASMFC 1999), habitats used by alosines include spawning
sites and nursery areas in coastal rivers, which are primarily freshwater portions of rivers and their
associated bays and estuaries. In addition to spawning and nursery areas, adult habitats also consist of
the near shore ocean. These habitats are distributed along the East Coast from the Bay of Fundy, Canada
to Florida. Use of these habitats by migratory alosines may increase or diminish as the size of the
population changes.
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New Hampshire’s coastal area contains two major estuaries with the Great Bay Estuary System being
the largest. The Great Bay Estuary includes seven small to moderate size rivers with most flowing into a
large embayment (Great Bay and Little Bay) before draining into a narrow, 15 km long opening to the
sea via the Piscataqua River. The following is a description of each river in the estuary.

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 Piscataqua River flows approximately 20 km to the
sea. The Cocheco River drains a watershed of 479 square km. The lowermost dam (4.6m high, built on a
natural ledge for a total height of 8-10 m) on the Cocheco River is within the City of Dover, at rkm 5.5.
This dam impounds an area of 20 acres. A Denil fish ladder which provides access to approximately 49
acres of potential spawning habitat was constructed at the dam in 1969 to 1970 for anadromous fish by
NHFGD, the owner also maintains a downstream migration structure which was replaced for increased
efficiency in 2010. The downstream passage system is a PVC tube emptying in a plunge pool below the
dam. The next barrier is a set of natural falls located at rkm 9.5. During certain flow conditions there is
the potential that river herring can ascend this natural falls and continue migrating upriver a distance of
1.5 km to the Watson Dam in Dover, NH. There is no fish ladder at this dam, but a downstream
migration pipe is provided by the hydroelectric facility. Currently there are no concerns with the
passage efficiency of the existing fish ladder or the water quality throughout the spawning and
emigration season in the Cocheco River. No spawning activity has been observed below the dam.

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 Exeter River. The mouth
of the Lamprey River in Great Bay is approximately 27 km inland from the Atlantic coast. The Lamprey
River watershed drains an area of 549 square km. It is the largest watershed that empties directly into
The Great Bay. The Macallen Dam, located at rkm 3.2 in Newmarket, is the lowermost head-of-tide dam
(8.2 m high) on the Lamprey River. A Denil fish ladder constructed from 1969 to 1970 for anadromous
fish by NHFGD allows access to 120 acres of potential spawning habitat. The Wiswall Dam (3.4 m high) is
located 5.6 km upstream of the Macallen Dam. Construction of a Denil fish ladder was completed in
2012. This fish provides access to another 12.6 km of habitat. 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 emigrate with limited mortality.
Downstream passage is provided at Wiswall Dam via a stop log bay within the spillway. Stop logs are
removed during the fish migration season to provide passage for both adult and juvenile river herring.

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

The Oyster River begins in the town of Barrington, NH. The size of the Oyster River watershed is
approximately 67 square km. The Oyster flows southeasterly approximately 27.5 km through the towns
of Lee and Durham on its way to Little Bay in the Great Bay Estuary. The mouth of the Oyster River lies
approximately 19 km from the Atlantic Ocean. The head-of-tide dam occurs at rkm 4.8 in Durham, NH.
There is a Denil fish ladder at this dam that was constructed in 1975. This fish ladder provides access to
approximately 24 acres of potential spawning habitat. The next dam on the Oyster River occurs at rkm
7.7 and is a barrier to river herring passage.

The numbers of river herring returning to the Oyster River fishway have been decreasing since the mid
1990’s. One possible explanation for the decline is diminishing water quality in the Mill Pond
impoundment above the head-of-tide dam. Increasing eutrophication has been observed by NHFGD
staff over the past several years. Due to this eutrophication oxygen levels could be critically low while
juvenile river herring are utilizing the impoundment as nursery habitat. In addition, the Oyster River is
used as a municipal water supply. In years when flows are below average very little water is observed
flowing over the spillway of the head-of-tide dam. River herring can only emigrate from this
impoundment over the spillway and thus become “trapped” in water with diminishing quality in years
with lower river discharge. In response to the diminishing river herring returns the Oyster River and its
tributaries were closed to taking of all river herring in 2012.

Squamscott/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) 10.6 and the Pickpocket Dam at rkm 22.4 (each 4.6 km high). Both dams have a
Denil fish ladder, providing access to approximately 62 acres of potential spawning habitat. The next
barrier above Pickpocket Dam is a set of natural falls at rkm 32.9. The mouth of the Exeter River
(Squamscott) in Great Bay lies approximately 27.4 km inland from the sea. During summer 2016 the
Great Dam and associated fish ladder were removed. Beginning in spring 2017 river herring will be
enumerated and sampled at the Pickpocket fish ladder.

The Exeter River is the only river monitored by the NHFGD that has available fresh water spawning
habitat located below the fishway. The NHFGD constructed upstream fish passage facilities (Denil
fishways) on both dams from 1969 to 1971 for anadromous fish. Fish ladder improvements occurred in
1994 and 1999 at the Great Dam fishway. A fish trap was constructed at the upriver end of the fish
ladder. In addition, improvements were made in the vicinity of the ladder entrance to enhance
attraction flow during normal river flow conditions. Despite the recent work to improve fish passage
efficiency of the fish ladder at Great Dam, the vast majority of river herring choose to spawn below the
fish ladder in an approximately 0.50 acre area of fresh water that occurs between head-of-tide and the
Great Dam caused by an elevated ledge that prevents saltwater incursion. River herring gather in very
large numbers below the Great Dam and spawning has been observed. These observations combined
with relatively high levels of documented harvest occurring each year below the first dam and the
inefficiency of the fish ladder in passing river herring indicates that spawning success in this river is much
higher than indicated by fish passage numbers through the fish ladder.
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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 no hydroelectric operations at either fishway,
however, at the Great Dam there is a condominium complex that utilizes a small amount of water from
the penstock for cooling of their heating and air conditioning system. This minimal flow through the
penstock does not have an impact on emigrating river herring. In addition, poor water quality has been
documented in the critical nursery habitat above Great Dam. Periodic water quality monitoring has
recorded low levels of dissolved oxygen (DO) between the two dams in some years since 1995 (Smith et
al. 2005; Langan 1995).

Other Rivers Within the Great Bay Estuary:

There are three other major rivers in the Great Bay Estuary that are not monitored regularly by NHFGD
staff. They are the Winnicut, Bellamy and Salmon Falls Rivers. The rivers range in length from 14.6 km
for the Winnicut to 61 km for the Salmon Falls. Watershed sizes range from approximately 855 square
km for the Salmon Falls to 45.3 square km for the Winnicut River.

The Winnicut River flows directly into Great Bay in Greenland, NH. The NHFGD operated a Canada step
weir fish passage from approximately 1957 until 2009 on the Winnicut. During the summer of 2009 the
fish ladder and associated NHFGD owned dam were removed to restore anadromous fish habitat. The
dam removal drained a 34 acre impoundment and the Winnicut River became the only major tributary
to Great Bay with no man-made barriers along its entire length.

The Bellamy River enters the Great Bay Estuary at Little Bay in Dover, NH. A partially breached timber
crib dam at the head-of-tide at rkm 6.9 was removed to restore anadromous fish habitat in 2004. Since
the removal NHFGD staff has observed large numbers of river herring below the next dam
approximately 0.6 km upstream. Removal of the next two dams on the Bellamy River is in the planning
stages currently.

The Salmon Falls River joins the Cocheco River to form the Piscataqua River within the Great Bay
Estuary. The head-of-tide dam is located at approximately rkm 6.7. A Denil fish ladder has been
operated at this dam since 2002. The Salmon Falls River is a border river between the states of Maine
and New Hampshire and the fish ladder and associated hydroelectric facility are on the Maine side in the
town of South Berwick. The hydroelectric operator is responsible for operation and maintenance of the
fish ladder with technical guidance by both NHFGD and Maine Division of Marine Resources. The Denil
fish ladder at the head-of-tide dam provides river herring access to a 58 acre impoundment.

6.6.1. Habitat Quality

Dams and natural barriers restrict potential available spawning and nursery habitat in New Hampshire
coastal rivers for river herring. Anthropogenic changes to these river systems can further affect habitat
(e.g., increased development, increased impervious surfaces, and increased water withdrawals). These
may have affected all six river systems, but their effects are the most dramatic in the Exeter and Taylor
Rivers. Currently, several New Hampshire state agencies are working with the Town of Exeter on
instream flows and water withdrawal for water resources. These factors have affected the downstream
emigration of both adult and juvenile river herring with both barrier concerns and water quality
issues. These issues came to New Hampshire’s attention when low DO levels were monitored in 1995
by the Cooperative Institute for Coastal and Estuarine Environmental Technology (CICEET) that indicated
low levels of dissolved oxygen between two and five mg per liter in impoundment reaches of the Exeter
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River (Rich Langan, unpublished data). The 2016 removal of Great Dam in Exeter should greatly improve
water quality in the Exeter River.

6.6.2. Habitat Loss

Once dams are built (with fish passage) or removed, habitat for the two species of river herring can
change composition. Therefore habitat loss for one species may benefit the other depending upon
whether an impoundment has been developed or a riverine system has been restored. As
impoundments degrade due to anthropogenic reasons and become more eutrophic over time habitat
continues to be lost.

6.6.3. Habitat Alterations

Fish passage over dams continues to be a problem in New Hampshire where 3,074 active dams have
been recorded throughout the state with less than 30 known fish passage systems. New Hampshire Fish
and Game has been working with the Department of Environmental Services (DES), and other state and
federal agencies to address dam removal projects through the New Hampshire River Restoration
Program (RRTF). To date there have been 27 dams completely removed and two partially breached
under the RRTF program since 2001, several of which have benefitted diadromous species. The DES
continues to work with municipalities with in-stream flow rules for water withdrawals for municipal use.

6.7. RESTORATION PROGRAMS

Restoration activities for river herring in New Hampshire river systems have included constructing and
improving upstream passage facilities at dams; stocking of adult fish into historic and viable spawning
reaches; removing dams; and improving water quality in spawning and rearing reaches. From 1984 to
2015 approximately 55,600 adult river herring have been stocked in coastal rivers of New Hampshire
(Table 6.2). The transfers that occurred were either in-basin transfers to increase spawning habitat or
out-of-basin transfers to help supplement spawning runs in rivers with lower return numbers.

Restoration of diadromous fish populations began with construction of fishways from the late 1950s to
the early 1970s by the NHFGD in the Cocheco, Exeter, Oyster, Lamprey, Taylor, and Winnicut rivers.
These fishways re-opened acres of freshwater spawning and nursery habitat for river herring, American
shad, and other diadromous fish. Since that time, modifications have been made to the Exeter River fish
ladder to improve the effectiveness at passing alosines and a holding trap was constructed to facilitate
monitoring of spawning fish through enumeration and collection of biological data. The last remaining
dam on the main stem of the Winnicut River was removed by the NHFGD and DES in 2009. Construction
of a Denil fish ladder was completed in early 2012 on Wiswall Dam in Durham. Wiswall Dam is the
second dam on the Lamprey River.

6.7.1. Restoration Objective

The restoration target for New Hampshire’s river herring is to return rivers populations to levels of
abundance that will enable the full utilization of available and/or historical spawning habitat.

6.7.2. Fish Passage Efficiency

New Hampshire has not conducted specific fish passage efficiency studies on the seven fish ladders in
coastal rivers.
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6.8. AGE

The maximum age for alewife and blueback herring in New Hampshire has been recorded at nine years.
Biological samples consisting of length measurements, sex and species determination, and scale
samples, used for age determination, are collected from river herring at most fishways annually. Prior to
2009, the biological sampling target for river herring was to obtain three separate samples, one sample
taken at each division of the spawning run (beginning, middle, end). Each individual sample attempted
to gather approximately 150 length measurements (total length in millimeters) and sex determinations.
Scale samples were taken from approximately 50 fish per sample when available. Years in which the
target sampling level were reached, resulted in 450 randomly selected sex/length determinations as
well as 150 scales for determination of age, sex, and species for each river. Beginning in 2009, scale
samples are taken by grouping river herring by species and sex into one centimeter increments (Bins).
The returning river herring are sampled throughout the spawning run, in an attempt to obtain a target
sampling level of five fish within each bin for each sex and each species.

All alosine scale samples are cleaned, mounted between glass slides, and aged using an overhead scale
projector via methods described by Marcy (1969). Prior to 2009, scale samples were also used for
species determination for river herring (i.e. alewife or blueback herring) using methods described by
MacLellan et al. (1981). Two or more readers independently aged all scales. Beginning in 2009, the bin
sampling method controlled the distribution of species in the scale samples; therefore a field species
determination of all individuals was incorporated into the 150 random length samples taken during the
beginning, middle, and end of the run to determine species distribution within each river.

6.9. FISHERY DESCRIPTIONS

Historically, river herring have been the most prevalent anadromous fishes harvested in New Hampshire
and sold as food, fertilizer, bait for commercial or recreational fisheries, and even the scales were
utilized for the production of artificial pearls. More recently river herring fisheries have utilized the
harvest as bait for commercial and recreational fisheries solely. New Hampshire monitors in-state river
herring fisheries through the Coastal Harvest Reporting Program and the National Marine Fisheries
Service monitors commercial landings of river herring in New Hampshire through either vessel trip
reports or dealer reports from federally permitted vessels or dealers. However, due to the large volume
herring fisheries, there is likely an incomplete accounting of river herring as part of the bycatch in the
herring fishery.

New Hampshire’s Sustainable Fishery Management Plan (SFMP) for river herring was first approved by
ASMFC in 2011. The SFMP was re-submitted in 2015 with recent data and the existing management
measures—ASMFC approved the 2015 SFMP. The SFMP has two separate targets, one fishery-
dependent and one fishery-independent. 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. Specifically, a three year running average of the total annual
river herring harvest from throughout Great Bay Estuary will be compared to a three year running
average of minimum annual counts of spawning river herring returns documented via fish ladder counts
on four rivers in Great Bay Estuary plus annual harvest of river herring throughout the estuary system.
The fishery-dependent target has not been exceeded since its implementation.

The New Hampshire fishery-independent target for river herring returns is 350 fish per acre of available
spawning habitat. This currently equates to a return of 72,450 fish. This target is slightly above 50% of
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the mean annual river herring return to the Great Bay Estuary since 1990. As of 2017, the fishery-
independent target has been reached each year since implementation.

6.9.1. Commercial Fisheries

In 1896 reported river herring catches totaled 293,671 pounds for New Hampshire streams (Bigelow and
Schroeder 1953). Most of the current New Hampshire commercial landings of river herring are from
vessels fishing in the EEZ. Landings peaked in 1977 at 210,000 pounds and have dropped ever since
(Table 6.3; Figure 6.9. Commercial landings (in pounds) of river herring in New Hampshire.). The river
herring caught in ocean waters were most likely of mixed stock origin. The very limited harvest of river
herring in state waters is primarily for personal use such as lobster or recreational fishing bait.
These landings are primarily made through netting activities of state-permitted coastal netters. All
individuals participating in netting of river herring with the state are required to annually submit reports
of both fishing effort and harvest weight or numbers of river herring taken. The following is a
description of the river herring fishery.

Cocheco River

The river herring fishery in the Cocheco River is very sporadic with very few fish harvested over the
course of the last several years. Total annual in-river harvest has ranged from zero fish to approximately
550 fish. Harvesters typically fish with cast nets, dip nets, or gill nets. The Cocheco River is closed to
fishing from the fish ladder at the lowermost dam to the Washington Street Bridge approximately 200 m
downstream. Most of the river herring harvest occurs from the downstream side of the Washington
Street Bridge to a distance approximately 0.50 km downstream. In addition, there is a popular striped
bass fishery that occurs along this stretch of river. Recreational anglers “snag” river herring to be used
as live striped bass bait.

Lamprey River

The river herring harvest at the Lamprey River in recent years has been very low, usually less than 2,000
fish per year. The fishing activity is very sporadic. Landings are reported using a variety of methods
including: cast net, gill net, dip net, and weir. Primarily the harvest occurs from approximately 70 m
downstream of Macallen Dam to a distance of 0.50 km downstream. There is one weir fisherman that
maintains his netting permit but does not consistently fish the weir. It is worth noting that each spring
there is a very popular striped bass fishery that occurs within 0.33 km downstream of Macallen Dam.
Striped bass anglers “snag” river herring to use as live bait.

Oyster River

There is typically very little river herring harvest that occurs in the Oyster River, usually less than 800 fish
per year. The limited harvest that occurs is via dip net, cast net, or gill net. The Oyster River has very
few locations where capturing river herring can be done efficiently. Due to this, harvest can occur
sporadically anywhere along the tidal portion of the river. In response to diminishing returns of river
herring to the Oyster River fish ladder the river was closed to the taking of river herring by any method
beginning in 2012.

53



Squamscott/Exeter River

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

In 2005, following a number of years of increased harvest in the Squamscott/Exeter River, NHFGD
implemented major changes to rules for river herring and shad in this river in order to reduce the
harvest levels. These changes included implementing a one tote harvest limit per day and increasing the
escapement days from one day per week to 5 days per week. Harvest levels since 2005 have been
reduced by at least 50% of the levels observed in 1998 and and many prior years (Table 6.3) and
estimates of instantaneous mortality from 2006 to 2009 have been some of the lowest in the time
series.

Other Rivers within the Great Bay Estuary:

The Bellamy, Winnicut, and Salmon Falls Rivers have a very sporadic harvest ranging from 0 fish to as
many as 2,548 fish at the Salmon Falls in 1999. The combined harvest from all three rivers ranges from
as few as 111 fish in 1992 to 3,127 in 1999. Like many other New Hampshire coastal rivers it is very
difficult to capture river herring efficiently at these locations so harvest can occur anywhere along the
tidal portion. However, in the Bellamy River some harvest does occur within the fresh water reach of
the river just above the head-of-tide. Typically gill nets, cast nets, and dip nets are used to harvest river
herring at these locations.

6.9.2. Recreational Fisheries

There is a very limited recreational fishery for river herring at head-of-tide dams on some of New
Hampshire’s coastal rivers. This recreational fishery mainly occurs on the Squamscott, Cocheco, and
Lamprey Rivers. Harvesters catch river herring with various forms of nets, traps, or snagging with
hook and line for the purpose of striped bass bait.

6.9.3. Bycatch

Bycatch of river herring likely occurs in commercial fisheries targeting other species. At this time New
Hampshire does not evaluate the number of river herring that are caught as bycatch from commercial
fisheries within the EEZ landing in New Hampshire. Sea sampling surveys conducted by the NHFGD in
the mid-1990s showed river herring bycatch comprised less than 5% of the total catch.

6.10. FISHERY-INDEPENDENT SURVEYS

Two fishery-independent surveys are conducted in New Hampshire to monitor river herring. Each
spring or early summer (April through June) NHFGD operates seven fish ladders along coastal rivers to
enumerate and monitor migrating diadromous species, described below. In addition to monitoring adult
migration of river herring, NHFGD conducts a seine survey in the Great Bay and Hampton-Seabrook
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estuaries for juvenile finfish that provides an index of relative abundance for a variety of species
including alewives and blueback herring.

6.10.1. Adult Catch Data

Seven fish ladders on six coastal New Hampshire rivers (Cocheco, Exeter, Lamprey, Oyster, Winnicut, and
Taylor rivers) are operated from early April to mid-July, to allow for the passage of American shad, river
herring, and other diadromous fish to historical spawning and nursery areas. The number of fish passing
through the fishways are either enumerated by hand or estimated by the use of Smith-Root Model 1101
electronic fish counters. Counts recorded by the electronic fish counters are adjusted by daily calibration
counts consisting of a minimum of ten one-minute counts. During daily visits, fish ladders and electronic
counting devices are examined to assure of proper operation.

6.10.2. Juvenile Catch Data

A beach seine survey is conducted annually on a monthly basis from June to November at 15 fixed stations in
New Hampshire’s estuaries. Four of these stations are located in the Hampton-Seabrook Estuary and 11 are
located in the Great Bay Estuary. Within the Great Bay Estuary, three stations are located in Little Harbor,
three stations are located in the middle to upper Piscataqua River, and five stations are located in Little
Bay/Great Bay area.

Beach seine hauls are conducted by boat using a 30.5 m long by 1.8 m high bag seine with 6.4 mm mesh
deployed 10 - 15 m from the beach. A single seine haul is made at each station during the months of June
through November. Seine hauls are all conducted during daylight hours and constrained to the period of
approximately two hours before to two hours after low tide. Seines are set into the current and, at most
stations, in water depths less than six feet to prevent the foot rope of the net from coming off the bottom.
With each seine haul, surface salinity (ppt) and temperature (°C) are measured and substrate type at the
station is observed and recorded.

All fish captured are identified to the lowest possible taxon (species level is the target) and enumerated. All
finfish captured are measured, total length to the nearest millimeter up to a maximum of 25 individuals per
species per seine haul sample. The primary species of interest are winter flounder, rainbow smelt, river
herring, American shad, and Atlantic silverside. In addition, if the following invertebrate species of special
interest are captured, they are identified and enumerated: rock crab, Jonah crab, green crab, horseshoe
crab, American lobster, and Asian shore crab.

An annual index of relative abundance is determined using the geometric mean catch-per-seine-haul. This
relative annual index can be used to determine successful occurrence of river herring spawning activity
between years. However, due to the estuary-wide design and limited sampling rate in close proximity to
monitored rivers during times of peak juvenile river herring emigration in the late summer/fall months these
indices should be used conservatively.

6.11. ASSESSMENT APPROACHES AND RESULTS
6.11.1. Trends in Run Size
New Hampshire has seen a general increase in returns to fish ladders in the last ten years. The Cocheco and

Lamprey Rivers generally have the highest number of returning river herring each spring. Returns to these
rivers have exceeded 40,000 fish on several occasions (Table 6.1). The Oyster River spawning population has
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been declining since the early 1990s. The run has decreased from 157,000 fish in 1992 to approximately
1,800 fish in 2015. The Winnicut River monitored spawning run has been generally increasing since 1998; 219
river herring in 1998 and 8,300 river herring in 2008. The Winnicut River Dam and associated fish ladder were
removed in 2009. Monitoring of the spawning run in the Winnicut River was hindered in 2010, but a run-of-
river fish passage structure was completed early in 2011. Unfortunately the passage structure is ineffective
at passing herring and a solution is forthcoming. The Exeter and Taylor Rivers have declining river runs as
well. In recent years the Taylor has had so few fish returning that the NHFGD discontinued daily monitoring in
2015. The Exeter River monitored spawning returns are typically are less than 1,000 fish each year, however
a return of 5,500 occurred in 2015.

Fish ladder counts in some rivers should be classified as minimum estimates of spawning river herring. For
example, large numbers of blueback herring are often observed below the ladders in the Lamprey, Cocheco,
and Exeter Rivers in late May but do not ascend the ladders. Despite a recent increasing trend, returns are
still lower than those experienced during the 1980’s to early 1990’s. Several factors may be contributing to
this. High flows before and during the runs in some years may have influenced the decline in returns in
monitored rivers. The passage inefficiency of fish ladders created by unusually high river flow levels, in turn
reduces the annual return enumerations in those years. An example of strong control by environmental
conditions occurred in 2005, 2006, and 2007 when New Hampshire coastal rivers experienced flood
conditions that reached “100 year flood” levels in 2006 and 2007. During years where persistent high river
velocity exists in all coastal rivers in the state, many river herring are unable to reach or successfully ascend
the fish ladders monitored by the Department. In 2005, above average precipitation levels later in the
spawning run reduced blueback returns specifically, which for runs comprised largely of bluebacks, such as
the Oyster River, resulted in lowered total annual run sizes. The passage inefficiency of fish ladders created
by unusually high river flow levels, in turn reduces the annual return enumerations in those years. River flows
in most years since 2007 have been more favorable to fish passage. Other factors affecting returns include;
poor water quality affecting survival of young-of-the-year (low DO during summer months, downstream
passage problems, water withdrawals by the local municipalities, and drought conditions in some years).

6.11.2. Trends in Length

Total lengths for river herring monitored in New Hampshire coastal rivers ranged from 200 mm to 370 mm in
all rivers combined (Table 6.4, Table 6.5, and Table 6.6). The mean length of males varied annually (Table 6.7,
Table 6.8, and Table 6.9; Figure 6.11), ranging from 247 mm to 292 mm. Mean length of females ranged from
263 mm to 306 mm. In general, fish returning to the Oyster River had the shortest mean lengths while those
returning to the Lamprey River had the longest. This is likely due to the predominance of blueback herring
returning to the Oyster River while alewives dominate the monitored spawning runs in the Lamprey River. In
most years there are slightly higher percentages of males returning then females.

6.11.3. Trends in Age

The river herring returning to the New Hampshire coastal fish ladders ranged in age from three to nine years
old. The majority of alewife returns ranged from age four to six and blueback herring from age three to five
(Table 6.10, Table 6.11, and Table 6.12; Figure 6.12). Species were not determined during ageing of scales in
1990.

6.11.4. Trends in Length at Age

Mean total length at age of river herring returning to New Hampshire coastal rivers has decreased over time
since 1992 (Figure 6.13, Figure 6.14). Table 6.13, Table 6.14, and Table 6.15 show river specific river herring
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mean length at age information. Reasons may be degrading impoundments affecting early growth, various
environmental factors such as droughts or floods that have affected either immigration or emigration
pathways affecting river specific populations as a whole, selective predation, or other stressors that affect
growth potential.

6.11.5. Trends in Repeat Spawning

The percentages of repeat spawning fish are determined by the presence or absence of spawning checks
observed during the ageing process of collected river herring scales (Table 6.16, Table 6.17, and Table 6.18).
River herring were determined to have repeated spawning up to four times in New Hampshire rivers, with
the percentage of single year repeat spawning fish as high as 45% in some years.

6.11.6. Juvenile Abundance

The highest relative abundance for juvenile blueback herring as measured by the geometric mean catch per
seine haul, occurred in 1999 when nearly 12,000 were captured (Table 6.19). Peaks in relative abundance
for alewives occurred in 2002, 2003, and in 2006. The indices, in general, are very low for juvenile
alewives. In contrast, blueback herring are one of the more commonly captured species at some
stations in certain years.

6.11.7. Total Mortality

The methods used to evaluate total mortality were: Chapman-Robson, Heinecke, and Catch Curve
analysis. The analysis calculated total instantaneous mortality (Z) rates and standard errors using ages
from spawning river herring returning to the fishways on the Cocheco, Lamprey, Oyster, Winnicut, and
Exeter rivers (Table 6.20; Figure 6.15). The catch curve analysis was the most restrictive and did not
calculate mortality at times due to the small span of age classes in some rivers and/or years. However,
the Chapman-Robson and Heinecke method addressed these biases if sample size included more than
one age and the fish aged were greater than the determined fully recruitment age. Both the Chapman-
Robson and Heinecke Z estimates essentially followed the same trend pattern over the time series for
each river evaluated.

The Cocheco River has both species that utilized the fish ladder. Mortality estimates indicate peak
mortality in the early 1990’s then generally stabilizing from the late 1990’s to the mid-2000’s within
ranges between 0.5 and 1.5. An increase in mortality started in 2005 for male alewives female alewives
have experienced a decreasing trend since 2006. Male blueback herring mortality rates in the Cocheco
River remained relatively stable since 2000 however female blueback herring mortality rates declined
dramatically between 2003 and 2007 but appear to experiencing an upward trend again in 2008.

The Lamprey River primarily has alewives that negotiate the fish ladder. Very few blueback herring have
been sampled from the exit of the fish ladder; they primarily spawn below the dam, therefore are not
included in the analysis for the mortality rate in the Lamprey River. The mortality estimates for the
alewives range from approximately 0.5 to 2.0. Both sexes follow the general mortality trend but not
necessarily within the same year.

The Exeter River has both species that utilize the fish ladder however there is available spawning
freshwater habitat below the dam that is utilized by river herring. Issues affecting total mortality may
include downstream fish passage of juvenile and post spawned adults inhibited by water withdrawals
and low flows coupled with low summer dissolved oxygen levels in impoundments above the dams.
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Despite the recent work to improve fish passage efficiency of the fish ladder at Great Dam, the vast
majority of river herring choose to spawn below the fish ladder in an approximately 0.50 acre area of
fresh water that occurs between head-of-tide and the Great Dam caused by an elevated ledge that
prevents saltwater incursion. River herring gather in very large numbers below the Great Dam and
spawning has been observed. These observations combined with relatively high levels of documented
harvest occurring each year below the first dam and the inefficiency of the fish ladder in passing river
herring indicates that escapement to spawn in this river is much higher than measured by the number of
river herring passing up river through the fish ladder. This lowers the confidence of mortality rates for
the Exeter River calculated using passage numbers. However, mortality estimates ranged from 0.01 to
1.7 between the two species and sexes throughout the years and appear to be on a general decline.
Fishing by nets on pre-spawned adults may have contributed to a higher mortality prior to 2005 when
regulations were imposed to restrict harvest.

The Winnicut River fish ladder was a Canadian step-weir design which was not effective for passing river
herring however renovations in 1997 and 2002 allowed more successful passage by river herring. As a
result sampling has been more consistent since 1998 but sample size has been low in some years (Table
6.1) which may affect the reliability of mortality estimates. The mortality estimates have ranged from
approximately 0.2 to 2.4 since 1998, however the mortality trend is erratic for male and females
between the two species. Along with the lack of confidence in mortality estimates due to low sample
size, other mortality issues could be due to emigration escapement issues and fluctuations in a
developing population as it reaches river carrying capacity.

The Oyster River fish ladder primarily passes blueback herring and very little alewives. The few alewives
have not been included within the mortality estimates. The mortality estimates have ranged from 0.24
to greater than 2.0 between 1992 and 2008. Both sexes have experienced similar trends in mortality but
not necessarily within the same years. The dissolved oxygen within the Oyster River impoundment has
been recently recorded to have levels below 5 mg/I, again likely affecting adult recruitment.

Sampling has been too erratic in the Taylor River to calculate a mortality estimate with any measure of
confidence due to the design of the fish ladder and level of sampling.

6.12. BENCHMARKS
6.12.1. Data and Methods

Size at age data from the river systems in general only represent mature fish. We used the length-at-age
data collected by the NMFS trawl survey (1973-1986) to estimate length-at-age for immature fish and
used length-weight data from ChesMMAP and the Cooperative Winter Tagging Cruise (2008-2010) to
convert those lengths-at-age to weight-at-age.

The length-weight relationship developed from the ChesMMAP and Cooperative Winter Tagging Cruise
data was used to convert NH’s length-at-age estimates to weight-at-age for the spawning stock biomass
per recruit estimates.

Repeat spawner marks were used to develop maturity schedules for each species.

Two values of natural mortality were used: 0.3 and 0.7.
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Fishing mortality and natural mortality were assumed to occur consistently throughout the year, so the
fraction of both that elapsed before spawning was estimated based on the month with the highest run
counts (if available) or landings, and was set at 0.33 for both species.

Fishing selectivity was assumed 1 for all ages. Fishing mortality in this analysis was assumed to represent
both directed in-river fishing on mature adults and incidental catch of juveniles in the ocean, as well as
other sources of mortality, such as passage mortality and increased predation.

The Yield-Per-Recruit Program (v. 2.7.2) from the NMFS Toolbox was used to develop spawning stock
biomass per recruit reference points. The YPR program is an implementation of the Thompson-Bell per-
recruit model. The maximum age for each river was the oldest age for which biological data were
available; it was assumed to represent a plus group with 11 being the oldest age in the plus group for
both species.

6.12.2. Results

The SPR benchmarks were sensitive to assumptions about M, which is difficult to estimate empirically
for these species.

Estimates of Z in recent years for NH rivers were at or near the Z benchmarks. Only male blueback
herring in the Oyster River and male alewife and female blueback herring in the Winnicut River
exceeded all Z benchmarks (Table 6.21, Table 6.21).

6.13. CONCLUSIONS AND RECOMMENDATIONS

New Hampshire rivers were severely impacted over the past several centuries, negatively affecting
anadromous species. Dams, fishing, and poor water quality are among the many obstacles that river
herring have faced. Restoration efforts should continue with focus on the following strategies for New
Hampshire coastal rivers targeted for restoration:

1. Continue efforts to monitor and improve water quality.

2. Continue transfers of spawning adult river herring from donor rivers to increase available
spawning habitat and augment declining runs in other rivers.

3. Continue work to install upstream and downstream fish passage or remove dams in coastal
rivers.

4. Continue to monitor returns of spawning adult river herring to fish ladders.

5. Efforts should be made to identify and reduce all sources of mortality whether during ocean
residency or in-river.
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Table 6.1

Numbers of river herring returning to fishways on coastal New Hampshire rivers.

Cocheco | Exeter Oyster | Lamprey | Taylor | Winnicut Annual

Year River River River River River River Total

1972 2,528 + 2,528
1973 1,380 + 1,380
1974 1,627 + 1,627
1975 2,639 2,882 + 5,521
1976 9,500 11,777 3,951 450,000 + 475,228
1977 29,500 359 11,256 2,700 43,815
1978 1,925 205 419 20,461 168,256 3,229* 194,495
1979 586 186 496 23,747 375,302 3,410 403,727
1980 7,713 2,516 2,921 26,512 205,420 4,393* 249,475
1981 6,559 15,626 5,099 50,226 94,060 2,316 173,886
1982 4,129 542 6,563 66,189 126,182 2,500** 206,105
1983 968 1 8,866 54,546 151,100 + 215,481
1984 477 5,179 40,213 45,600 + 91,469
1985 974 4,116 54,365 108,201 + 167,656
1986 2,612 1,125 93,024 46,623 117,000 1,000* 261,384
1987 3,557 220 57,745 45,895 63,514 + 170,931
1988 3,915 73,866 31,897 30,297 + 139,975
1989 18,455 38,925 26,149 41,395 + 124,924
1990 31,697 154,588 25,457 27,210 + 238,952
1991 25,753 313 151,975 29,871 46,392 + 254,304
1992 72,491 537 157,024 16,511 49,108 + 295,671
1993 40,372 278 73,788 25,289 84,859 + 224,586
1994 33,140 * 91,974 14,119 42,164 + 181,397
1995 79,385 592 82,895 15,904 14,757 + 193,533
1996 32,767 248 82,362 11,200 10,113 + 136,690
1997 31,182 1,302 57,920 22,236 20,420 + 133,060
1998 25,277 392 85,116 15,947 11,979 219 138,930
1999 16,679 2,821 88,063 20,067 25,197 305 153,132
2000 30,938 533 70,873 25,678 44,010 528 172,560
2001 46,590 6,703 66,989 39,330 7,065 1,118 167,795
2002 62,472 3,341 58,179 58,065 5,829 7,041 194,927
2003 71,199 71 51,536 64,486 1,397 5,427 194,116
2004 47,934 83 52,934 66,333 1,055 8,044 176,383
2005 16,446 66 12,882 40,026 233 2,703 72,356
2006 4,318 16 6,035 23,471 147 822 34,809
2007 15,815 40 17,421 55,225 217%* 7,543 96,261
2008 30,686 168 20,780 36,247 976 8,359 97,214
2009 36,165 513 11,661 42,425 * 4,974 95,737
2010 32,654 69 19,006 33,327 675 576+ 86,307
2011 43,090 256 4,755 50,447 59 72+ 99,338
2012 27,608 378 2,573 86,862 92 Gt 117,518
2013 18,337 588 7,149 79,408 128 0 105,610
2014 29,968 789 4,227 84,868 57 0 119,909
2015 64,456 5,562 1,803 69,843 * 0 141,664

* - Swim through operation.

** _Due to fish counter malfunction there was up to two weeks where passing fish were not enumerated.

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

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

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

61




Table 6.2 Numbers of river herring stocked in coastal New Hampshire rivers from 1984 - 2015.

Vear Cocheco River Winnicut Exeter River Lamprey River Salmon Falls
System River System River

1984 5,000

1985 500

1986 2,000

1987 2,125

1988 2,000

1989

1990 2,000

1991 1,700

1992 1,300

1993

1994 365° 320° 220

1995 1,400° 125 3,230° 250

1996 750° 2,100° 200

1997 950° 2,000? 300

1998 1,000° 300 1,975° 240

1999 990° 200 2,020° 200

2000 1,000° 430 2,020° 320

2001 1,000° 2,000° 200

2002 1,000° 1,900°

2003 1,100° 2,000°

2004 1,050° 100 2,000°

2005 1,000° 200 2,000°

2006 1,000° 40 200°

2007 900? 175 2,000°

2008 1,000° 250 2,000°

2009 500° 250 750°

2010 1,000° 750°

2011 2,000° 200 659 2,145%

2012 1,000° 1,000°

2013 480°

2014

2015 1,000° 250 1,500°

@ - In-river transfer.

b _ Combination of in-river and out-of-basin transfers.
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Table 6.3 Reported ocean commercial landings (kg) of river herring in New Hampshire from the
NMFS, 1957-2015.

Year Species* I\?g';rslc Pounds S
1957 River Herring 34 75,000 750
1958 River Herring 27.2 60,000 600
1959 River Herring 36.3 80,000 800
1960 River Herring 431 95,000 1,000
1961 River Herring 45.4 100,000 1,000
1962 River Herring 56.7 125,000 1,250
1963 River Herring 68 150,000 1,500
1964 River Herring 34 75,000 1,125
1965 River Herring 56.7 125,000 1,875
1966 River Herring 34 75,000 1,125
1967 River Herring 29.5 65,000 1,650
1968 River Herring 18.4 40,600 1,043
1969 River Herring 17 37,500 1,081
1970 River Herring 14.1 31,000 930
1971 River Herring 11.3 25,000 750
1972 River Herring 10.9 24,000 800
1973 River Herring 9.8 21,500 944
1977 River Herring 95.3 210,000 7,518
1978 River Herring 74.8 165,000 8,200
1982 River Herring 51.9 114,500 7,400
1983 River Herring 52.3 115,216 10,730
1984 River Herring 40.8 90,000 6,300
1985 River Herring 27.8 61,300 7,128
1986 River Herring 12.2 26,990 2,275
1987 River Herring 8.9 19,550 2,346
1988 River Herring 5.5 12,087 5,440
1989 River Herring 5.1 11,200 5,478
1992 River Herring 4.4 9,802 4,900
1993 River Herring 1.2 2,676 576
1998 River Herring 11.8 25,994 3,795
2008 River Herring 3.7 8,137 1,839
2009 River Herring 4.3 9,443 1,761
2010 River Herring 34 7,466 *
2011 River Herring 1.9 4,094 *
2012 River Herring 1.2 2,681 *
2013 River Herring 2.0 4,420 *
2014 River Herring 2.6 5,737 *
2015 River Herring 3.4 7,566 *
GRAND TOTAL 960.9 | 2,118,459 93,909

*- River herring harvested by NH coastal harvesters for personnel use
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Length frequency of river herring returning to New Hampshire rivers, 1994-2015.
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Continued.

Table 6.4

Exeter River— Combined Species

50
127
122

65
42

31

450

23
37

61

85
82

56
22

375

11
45
104
110

59
22

366

27
46

56
26

179

28
66
70
47

10

233

11
14

48

11
45
129

99
38

336

21

37
55

29
12

168

40

16

24
15
15

77

11
29
19
13

78

14
27
15

67

18
31

37
36
25

160

11
66
124
129

91

26

454

21

65

73

61

24

259

11

50
120
120

62
24

403

22

66
86
95
69
33

386

42
233
251

158
164
126

67

24

11

22 | 1075

11

27

43

38
19

147

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Length (cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38

Total

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

Table 6.4

Lamprey River— Combined Species

19
55
100

81

81

50
37

18

450

31

74
67

75

66

48

51

24

449

25

81

69
58
66
75

53

15

450

19
54
91
136

90
42

450

42

87
119

77
49

43

20

450

23
56

66

29
42

62

53

24
12

369

13
35

99
144
100

37
13

451

40
90
128

80
60
26
18

453

20
31

27

44
70
66
60
48

30

12

411

13
18
18
47

78
79
52

16

333

21

49

98
94
83

32
16

402

19
49
100

88

59
65
46

11

453

31

54
54
91

78
77
39

19

449

20
37
68
107
103

79
30

459

31

78
113
118

71

25

452

36
72
128
150

92

79
30

11

608

21

66
100

97
99
45

13

453

18
50
71

80
58
34

18

339

11
37
45

35

56
60
a7

304

13
14
38
33
17

127

15
32

43

31

12

142

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

12
18
48

31

19

141

Length

(cm)

20
21

22
23
24
25
26
27

28
29
30
31

32
33
34
35
36
37

38
Total
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Continued.

Table 6.4

Oyster River— Combined Species

39
139
125

82

38
16

450

38
78
112
106

56
34
16

450

49
146
128

79
33

450

27
43

36
83

93

81

56
16
12

450

26
84
86

92

88
43

22

450

71
171
126

60
17

457

13
91
120

46

19

299

11
98
99
83

87

49

22

453

31

98
106
126

62
20

453

49
136
106

53
49

26

19

448

17
40

63
90

71

44

11

343

31

85
133
110

53

28

452

42
107
136

87

40

28

447

15
123

86

75
96

46

29

474

41
116
130

98
42

12

449

33

78
112
111

69

30

446

20
105
147
111

52

11

453

15
46

91
137
109

60
38

506

11
72

74
113

93
62

16

448

12
29
46

24
17

133

27
43

33

16
10
14

150

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

19
28
24
23
20
13

138

Length

(cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38
Total
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Continued.

Table 6.4

Winnicut River— Combined Species

"0

"0

"0

"0

"0

"0

47

91

98
88
62

42

18

452

29
64
98
128

75

37
15

457

35

75
135
106

52
18

443

30
31

16
14
11

124

26
74
65

64
46

38
19

343

13
59
116
149

80

29

453

32
138
127

99

37

444

25
109
145

90
49

22

453

50
119
126

91

57

13

464

26
87

98
107

62

43

17

450

36
70
64
26

218

23
26

16

79

*0

*0

*0

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

*0

Length

(cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38
Total

*- Fishway unable to pass fish.

A-Fishway and dam removed Summer 2009
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Length frequency of alewife river herring returning to New Hampshire rivers, 1994-2015.

Table 6.5

Cocheco River - Alewife

22
44
113
118
100

38

10

450

28
85
123
117

99

46

40
27
19

598

34
92
106

47

37
26
64
27

445

30
108
147
115

34

450

22
57
134
121

66
28

14

450

20
24
18
16

96

14
21

18
17

88

15
26
26
17

98

13
27
21
12

92

13
22
18

77

16
27
28
24
10

120

14
20
28
21

13

102

29
36
25

111

10
22
21

21

93

20
30
34
19

117

11
25

26
18
18

106

20
29
37
10

111

10
27
44

15

115

11

11

70

15
22
33

47

39
25

190

11

34
41

17

112

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

27

37
26

10

119

Length

(cm)

20
21
22
23
24
25

26
27
28
29
30
31
32
33

34
35

36
37
38

Total
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Continued.

Table 6.5

Exeter River - Alewife

17
69
98
58
41

31

325

24
59
83

82

56
22

311

11
45
104
110

59
22

366

27
46

56
26

178

28
66
70
47

10

233

26

20
73
131

58

17

307

27
33

43

18

134

40

16

14
17
16

64

10
15
12

44

16
20

54

11

19
11

52

18
20
10

56

29
29
17

94

13
41

20

15

105

18
33
18

92

14
19
29
21

14

111

20

11
27
48

24
11

127

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

*

Length

(cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38
Total

*- Due to damage to fish trap, fishway became a swim through operation
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Table 6.5

Length (cm)
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Continued.

Table 6.5

Oyster River - Alewife

10
38
43

36
20

163

17
15
28
28
13

112

29
52

62

26

185

11
13
17
12
12
12

83

10
24
55
32
20

149

16
13
15

54

15

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Length (cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38

Total

73



Continued.

Table 6.5

Winnicut River - Alewife

"0

"0

"0

"0

"0

"0

15
17
18
27
14
17

116

14
37
37
21

134

19
25

40
24

139

32

16
21

14
16
17

100

11
34
29

92

11

17
24
11

70

21

23

17

79

19
25

21

11

87

21

17
21

11

10

67

*0

*0

*0

1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

*0

Length (cm)

20
21
22
23

24
25

26
27
28
29
30
31
32
33

34
35

36
37

38

Total

*- Fishway unable to pass fish.

A-Fishway and dam removed Summer 2009
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Table 6.5

Length (cm)
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* data not available for selected year

A-No fish sampled, ASMFC removed NHFGD monitoring requirement
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Length frequency of blueback river herring returning to New Hampshire rivers, 1994-2015.

Table 6.6

Cocheco River - Blueback
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Continued.

Table 6.6

Exeter River - Blueback
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Length (cm)
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*- Due to damage to fish trap, fishway became a swim through operation
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Table 6.6
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Continued.

Table 6.6

Length (cm)
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Continued.

Table 6.6

Winnicut River - Blueback
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*- Fishway unable to pass fish.

A-Fishway and dam removed Summer 2009
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Table 6.6

Length (cm)
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* data not available for selected year

A-No fish sampled, ASMFC removed NHFGD monitoring requirement
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Table 6.7 Percent of male and female river herring, mean total length (mm), and total sampled river herring during spawning returns to
the first dam on the Cocheco, Exeter, Oyster, Lamprey, Taylor, and Winnicut rivers, New Hampshire, 1994-2015.

Cocheco River— Combined Species Exeter River— Combined Species Oyster River— Combined Species

% Mean Length | Total % Mean Length | Total % Mean Length | Total

Year | Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female N

1994 | 56.5 44.5 274 274 462 * * * * * 63.2 36.8 262 277 450
1995 | 48.8 51.2 279 287 450 | 66.5 33.5 271 284 520 | 53.0 47.0 264 277 450
1996 | 50.7 49.3 282 290 402 | 54.8 45.2 278 284 221 | 614 38.6 258 270 446
1997 | 63.7 36.3 267 278 452 | 59.2 40.8 262 266 1075 | 60.7 39.3 261 272 448
1998 | 52.4 47.6 271 280 475 | 64.5 35.5 268 278 386 | 48.2 51.8 261 273 506
1999 | 52.4 47.6 277 288 458 | 65.8 34.2 267 278 403 | 57.4 42.6 261 273 453
2000 | 61.5 38.5 272 285 455 | 66.0 34.0 273 280 259 | 59.0 41.0 263 277 446
2001 | 54.1 45.9 278 286 458 | 59.7 40.3 277 288 454 | 60.8 39.2 269 283 449
2002 | 59.6 40.4 273 287 453 | 63.1 36.9 272 282 160 | 69.0 31.0 259 270 474
2003 | 49.3 50.7 275 280 454 | 62.7 37.3 283 291 67 51.7 48.3 260 272 447
2004 | 42.4 57.6 282 288 450 | 57.7 42.3 277 286 78 58.0 42.0 263 275 452
2005 | 50.4 49.6 285 294 347 | 66.2 33.8 278 289 77 60.5 39.5 257 273 343
2006 | 60.0 40.0 281 295 300 | 43.8 56.2 281 295 16 79.1 209 251 273 448
2007 | 62.8 37.2 272 285 457 60.0 40.0 268 283 40 64.7 35.3 254 267 453
2008 | 59.0 41.0 266 279 454 58.3 41.7 268 278 168 65.8 34.2 248 263 453
2009 | 58.3 41.7 273 282 456 56.3 43.8 276 283 336 76.6 23.4 251 265 299
2010 | 66.7 333 275 278 450 60.4 39.6 263 277 48 66.3 33.7 256 266 457
2011 | 56.7 43.3 276 287 354 64.4 35.6 267 279 230 56.9 42.9 258 269 149
2012 | 47.8 52.2 290 299 320 40.2 58.7 283 294 328 50.4 49.6 252 273 454
2013 | 54.9 44.9 271 279 452 62.8 37.2 268 279 364 57.8 42.2 259 267 604
2014 | 55.2 44.7 272 284 587 66.1 33.9 273 285 375 49.8 50.2 263 277 337
2015 | 53.2 46.8 279 290 450 71.1 28.9 267 279 450 59.2 40.8 271 282 450

*-Sampling did not occur.

82



Table 6.7 Continued.
Lamprey River— Combined Species Taylor River— Combined Species Winnicut River— Combined Species

% Mean Length | Total % Mean Length | Total % Mean Length | Total
Year | Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female N
1994 | 51.9 48.1 274 281 447 * * * * * * * * * *
1995 | 52.6 47.4 279 293 450 * * * * * * * * * *
1996 | 51.0 49.0 281 294 398 * * * * * * * * * *
1997 | 46.7 53.3 284 297 304 * * * * * * * * * *
1998 | 56.3 43.7 279 289 339 | 704 29.6 253 274 125 | 84.8 15.2 254 271 79
1999 | 52.3 47.7 279 289 453 | 61.9 38.1 253 269 181 | 82.6 17.4 257 271 218
2000 | 52.3 47.7 279 290 608 | 44.9 55.1 261 274 247 | 79.8 20.2 248 265 450
2001 | 58.2 41.8 286 294 452 * * * * * 71.8 28.2 262 273 464
2002 | 58.2 41.8 292 306 459 | 38.5 61.5 269 288 26 73.7 26.3 255 265 453
2003 | 57.2 42.8 284 296 449 * * * * * 85.4 14.6 253 264 444
2004 | 53.0 47.0 285 290 453 | 63.8 36.2 255 275 80 79.0 21.0 260 269 453
2005 | 57.2 42.8 290 298 402 | 71.4 28.6 256 263 14 78.4 21.6 247 266 343
2006 | 55.3 44.7 289 303 333 * * * * * 89.5 10.5 251 264 124
2007 | 59.6 40.4 282 303 411 | 61.1 38.9 287 279 18 88.0 12.0 257 270 443
2008 | 47.5 52.5 274 283 453 * * * * * 81.4 18.6 259 274 457
2009 | 60.3 39.7 282 291 451 * * * * * 82.1 17.9 256 277 452
2010 | 60.7 39.3 272 296 369 * * * * * * * * * *
2011 | 56.2 43.8 274 286 450 * * * * * * * * * *
2012 | 55.1 44.9 287 298 470 * * * * * * * * * *
2013 | 50.2 49.8 280 293 756 * * * * * * * * * *
2014 | 52.3 47.7 283 292 450 * * * * * * * * * *
2015 | 54.7 45.3 288 302 450 * * * * * * * * * *

*-Sampling did not occur.
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Table 6.8 Percent of male and female alewife river herring, mean total length (mm), and total sampled river herring during spawning returns
to the first dam on the Cocheco, Exeter, Oyster, Lamprey, Taylor, and Winnicut rivers, New Hampshire, 1994-2015.

Cocheco River - Alewife Exeter River - Alewife Oyster River - Alewife
% Mean Length | Total % Mean Length | Total % Mean Length | Total
Year | Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female N
1994 | 58.0% | 42.0% | 268 274 119 * * * * * + + + + 0
1995 | 50.9% | 49.1% | 282 289 112 | 64.6% | 35.4% | 277 288 127 | 50.0% | 50.0% | 261 270 8
1996 | 52.1% | 47.9% | 283 293 190 | 60.0% | 40.0% | 283 296 20 80.0% | 20.0% | 267 283 5
1997 | 75.7% | 24.3% | 276 291 70 | 64.9% | 35.1% | 275 286 111 + + + + 0
1998 | 53.0% | 47.0% | 277 287 115 | 58.7% | 41.3% | 276 279 92 + + + + 0
1999 | 52.3% | 47.7% | 280 290 111 | 64.8% | 35.2% | 272 277 105 + + + + 0
2000 | 56.6% | 43.4% | 279 287 106 | 71.3% | 28.7% | 275 283 94 + + + + 0
2001 | 45.3% | 54.7% | 280 292 117 | 71.4% | 28.6% | 283 291 56 + + + + 0
2002 | 61.3% | 38.7% | 284 293 93 | 63.5% | 36.5% | 277 284 52 100.0% | 0.0% 290 0 1
2003 | 39.6% | 60.4% | 279 284 111 | 61.1% | 38.9% | 283 293 54 + + + + 0
2004 | 44.1% | 55.9% | 286 292 102 | 63.6% | 36.4% | 279 293 44 33.3% | 66.7% | 281 284 3
2005 | 48.3% | 51.7% | 283 294 120 | 65.6% | 34.4% | 277 289 64 + + + + 0
2006 | 64.9% | 35.1% | 284 296 77 | 43.8% | 56.3% | 281 295 16 + + + + 0
2007 | 49.5% | 49.5% | 283 295 93 | 60.0% | 40.0% | 268 283 40 + + + + 0
2008 | 58.2% | 41.8% | 273 281 98 | 60.4% | 39.6% | 269 280 134 | 75.0% | 25.0% | 271 268 4
2009 | 51.1% | 48.9% | 271 283 184 | 58.3% | 41.7% | 276 283 307 | 68.8% | 31.3% | 259 269 16
2010 | 48.6% | 51.4% | 283 294 72 | 50.0% | 50.0% | 265 280 32 72.7% | 27.3% | 256 282 22
2011 | 52.0% | 48.0% | 274 292 75 | 58.7% | 41.3% | 267 280 63 54.8% | 45.2% | 271 285 62
2012 | 46.0% | 50.8% | 287 299 63 | 45.8% | 54.2% | 279 294 59 48.0% | 52.0% | 268 279 50
2013 | 50.6% | 49.4% | 279 291 87 | 48.6% | 51.4% | 274 283 70 47.7% | 52.3% | 266 279 65
2014 | 48.1% | 51.9% | 280 291 106 | 51.4% | 48.6% | 280 288 70 46.0% | 54.0% | 282 296 50
2015 | 48.8% | 51.3% | 283 293 80 | 50.8% | 50.8% | 280 292 63 49.2% | 50.8% | 280 290 59

*-Sampling did not occur.
+-Sampling occurred but no alewife encountered in run.
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Table 6.8 Continued.

Lamprey River - Alewife Taylor River - Alewife Winnicut River - Alewife

% Mean Length | Total % Mean Length | Total % Mean Length | Total
Year | Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female
1994 | 55.3% | 44.7% | 274 284 141 * * * * * * * * * *
1995 | 46.2% | 53.8% | 278 292 119 * * * * * * * * * *
1996 | 51.6% | 48.4% | 283 293 128 * * * * * * * * * *
1997 | 51.1% | 48.9% | 286 294 94 * * * * * * * * * *
1998 | 58.5% | 41.5% | 275 285 135 | 66.7% | 33.3% | 260 286 3 80.0% | 20.0% | 261 267 5
1999 | 48.9% | 51.1% | 277 290 141 + + + + 0 77.6% | 22.4% | 259 272 67
2000 | 52.3% | 47.7% | 282 291 195 + + + + 0 66.7% | 33.3% | 245 264 21
2001 | 56.6% | 43.4% | 287 293 145 * * * * * 73.6% | 26.4% | 259 268 87
2002 | 59.7% | 40.3% | 290 305 139 + + + + 0 83.5% | 16.5% | 259 276 79
2003 | 64.3% | 35.7% | 285 296 140 * * * * * 88.6% | 11.4% | 255 272 70
2004 | 53.1% | 46.9% | 283 292 162 | 100.0% | 0.0% 251 0 1 77.2% | 22.8% | 263 269 92
2005 | 53.1% | 46.9% | 287 297 128 + + + + 0 81.0% | 19.0% | 245 265 100
2006 | 50.0% | 50.0% | 285 301 122 * * * * * 93.8% | 6.3% 254 279 32
2007 | 59.3% | 40.7% | 285 307 140 | 57.9% | 42.1% | 287 281 19 | 84.2% | 15.8% | 258 273 139
2008 | 42.7% | 57.3% | 276 285 143 + + + + 0 79.9% | 20.1% | 264 273 134
2009 | 54.8% | 45.2% | 282 291 197 * * * * * 66.9% | 33.1% | 260 277 166
2010 | 45.7% | 54.3% | 279 294 81 * * * * * * * * * *
2011 | 47.6% | 51.2% | 280 290 84 * * * * * * * * * *
2012 | 48.1% | 51.9% | 282 290 79 * * * * * * * * * *
2013 | 50.0% | 50.0% | 279 291 82 * * * * * * * * * *
2014 | 49.5% | 50.5% | 285 295 101 * * * * * * * * * *
2015 | 49.4% | 50.6% | 288 298 83 * * * * * * * * * *

*-Sampling did not occur.

+-Sampling occurred but no alewife encountered in run.
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Table 6.9  Percent of male and female blueback river herring, mean total length (mm), and total sampled river herring during spawning
returns to the first dam on the Cocheco, Exeter, Oyster, Lamprey, Taylor, and Winnicut rivers, New Hampshire, 1994-2015.
Cocheco River - Blueback Exeter River - Blueback Oyster River - Blueback

% Mean Length | Total % Mean Length | Total % Mean Length | Total
Year | Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female N
1994 | 69.6% | 30.4% | 251 259 23 * * * * * 68.0% | 32.0% | 260 276 147
1995 | 24.0% | 76.0% | 269 274 25 67.2% | 32.8% | 272 292 61 | 52.5% | 47.5% | 266 277 120
1996 | 50.0% | 50.0% | 265 277 42 | 100.0% | 0.0% 294 2 57.0% | 43.0% | 260 269 128
1997 | 58.7% | 41.3% | 257 268 75 85.7% | 14.3% | 260 272 161 | 66.7% | 33.3% | 261 275 150
1998 | 59.3% | 40.7% | 258 267 54 77.5% | 22.5% | 257 277 80 | 47.0% | 53.0% | 264 275 151
1999 | 65.5% | 34.5% | 265 270 29 72.5% | 27.5% | 263 274 51 | 57.2% | 42.8% | 263 274 145
2000 | 76.0% | 24.0% | 258 271 25 | 100.0% | 0.0% 278 3 62.2% | 37.8% | 263 277 143
2001 | 52.0% | 48.0% | 267 273 25 55.3% | 44.7% | 272 288 85 | 58.3% | 40.3% | 268 282 144
2002 | 71.7% | 28.3% | 255 267 53 50.0% | 50.0% | 266 286 2 73.8% | 26.2% | 260 271 141
2003 | 52.0% | 48.0% | 256 265 25 | 100.0% | 0.0% 249 1 56.4% | 43.6% | 261 273 149
2004 | 41.2% | 58.8% | 263 273 17 69.2% | 30.8% | 268 274 13 | 59.4% | 40.6% | 263 273 128
2005 | 80.0% | 20.0% | 262 263 5 + + + + 0 61.9% | 37.3% | 255 276 126
2006 | 62.5% | 37.5% | 263 282 8 + + + 0 74.5% | 24.1% | 254 277 141
2007 | 70.1% | 29.9% 260 269 67 + + 0 59.2% | 40.8% 254 267 179
2008 | 64.6% | 35.4% 250 272 48 58.3% 41.7% 248 271 12 71.0% | 29.0% 247 261 145
2009 | 50.0% | 50.0% 234 282 2 100.0% 0.0% 255 6 66.4% | 33.6% 253 267 119
2010 | 79.2% | 20.8% 252 249 53 100.0% 0.0% 259 1 66.1% | 33.9% 256 264 398
2011 + + + + 0 100.0% 0.0% 268 1 46.8% | 53.2% 250 266 62
2012 + + + + 0 + + + + 0 53.2% | 46.8% 254 268 62
2013 | 80.0% | 20.0% 247 258 5 + + + + 0 41.7% | 58.3% 254 266 60
2014 | 0.0% | 100.0% 264 2 78.8% | 21.2% | 249 257 33 | 53.1% | 46.9% | 259 276 64
2015 + + + + 0 51.2% 48.8% 265 274 41 41.5% | 58.5% 273 282 53

*-Sampling did not occur.

+-Sampling occurred but no blueback encountered in run.
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Table 6.9

Continued.

Lamprey River - Blueback

Taylor River - Blueback

Winnicut River - Blueback

% Mean Length | Total % Mean Length | Total % Mean Length | Total
Year Male | Female | Male | Female N Male | Female | Male | Female N Male | Female | Male | Female N
1994 + + + + O * * * * £ 3 * * * * *
1995 | 38.5% | 61.5% | 288 292 13 * * * * * * * * * *
1996 + + + + O * * * * £ 3 * * * * *
1997 | 0.0% | 100.0% 282 2 * * * * * * * * * *
1998 + + + + 0 73.0% | 27.0% | 253 271 115 | 85.1% | 14.9% | 254 271 74
1999 | 47.4% | 52.6% | 253 265 19 67.2% | 32.8% | 253 272 67 | 88.4% | 11.6% | 256 267 69
2000 + + + + 0 48.5% | 51.5% | 262 274 97 | 72.0% | 28.0% | 249 265 157
2001 + + + 0 * * * * * 78.0% | 22.0% | 262 279 59
2002 + + + + 0 33.3% | 66.7% | 268 288 30 | 75.0% | 25.0% | 253 263 68
2003 | 100.0% | 0.0% 264 3 * * * * * 85.7% | 14.3% | 254 258 77
2004 + + + 0 58.2% | 41.8% | 254 273 67 | 79.5% | 20.5% | 256 269 44
2005 + + + + 0 71.4% | 28.6% | 256 263 14 | 80.8% | 19.2% | 249 267 52
2006 | 100.0% | 0.0% 256 2 * * * * * 84.9% | 15.1% | 247 257 73
2007 | 63.6% | 36.4% | 262 271 11 + + + + 0 83.3% | 16.7% | 254 266 30
2008 + + + + 0 100.0% | 0.0% 239 7 87.5% | 12.5% | 260 278 16
2009 | 75.0% | 25.0% | 255 251 4 * * * * * 65.1% | 34.9% | 252 265 43
2010 | 90.6% 9.4% 256 268 32 * * * * * * * * * *
2011 + + + 0 * * * * * * * * * *
2012 + + + 0 * * * * * * * * * *
2013 + + + + 0 * * * * * * * * * *
2014 + + + + 0 * * * * * * * * * *
2015 + + + + 0 * * * * * * * * * *

*-Sampling did not occur.

+-Sampling occurred but no blueback encountered in run.
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Table 6.10

Number-at-age of river herring collected from the coastal rivers of New Hampshire, 1994-2015.

Cocheco River— Combined Species
Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 69 19 45 45 29 6 61 20 17 6 1 2 0 0 6 13 5 2 1 3 1 4
4 61 74 78 49 65 62 36 61 54 89 15 29 13 31 27 75 13 16 16 38 26 24
5 10 42 63 34 50 47 27 43 45 29 69 47 21 55 57 48 28 32 19 16 36 23
6 0 2 35 14 15 20 7 9 24 7 26 46 25 54 44 42 19 19 17 13 20 18
7+ 0 0 2 3 10 5 0 9 6 5 8 1 26 19 12 8 7 6 10 1 25 11
Total 140 137 223 145 169 140 131 142 146 136 119 125 85 159 146 186 72 75 63 91 108 81
Exeter River— Combined Species
Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * 70 6 82 69 23 53 8 2 2 0 2 0 3 21 3 6 6 1 5 4 1
4 * 94 11 112 44 88 37 45 15 30 6 25 1 9 62 147 17 24 13 29 44 61
5 * 17 5 52 37 38 5 47 27 14 31 26 6 15 44 119 12 27 30 19 35 28
6 * 4 0 22 16 7 2 31 10 6 18 8 4 11 16 39 3 6 12 10 15 13
7+ * 0 0 4 6 0 0 10 0 3 2 3 5 2 3 5 0 1 3 7 5 1
Total * 185 22 272 172 156 97 141 54 55 57 64 16 40 146 313 38 64 59 70 103 104
Oyster River— Combined Species
Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 65 33 32 64 36 44 61 21 12 32 20 22 6 9 46 33 29 51 12 16 4 3
4 48 68 61 50 58 84 56 48 54 62 17 38 46 71 48 64 23 43 40 70 32 46
5 23 25 37 28 44 15 25 39 37 43 69 45 46 68 38 22 32 21 38 22 60 38
6 4 2 3 7 11 2 1 24 28 7 21 20 32 22 11 13 10 6 17 13 14 21
7+ 0 0 0 1 2 0 0 10 11 5 4 0 9 9 6 3 6 3 5 4 4 4
Total | 140 128 133 150 151 145 143 142 142 149 131 125 139 179 149 135 100 124 112 125 114 112
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Table 6.10 Continued.
Lamprey River— Combined Species

Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 48 26 26 15 18 15 50 11 3 8 7 0 3 2 9 6 10 5 1 4n 4 2
4 68 74 60 18 30 44 68 49 28 53 26 25 13 21 25 44 21 25 24 28 29 27
5 19 31 35 35 46 53 44 52 39 41 63 55 42 42 52 79 27 34 30 13 27 22
6 5 1 5 24 31 35 26 26 42 17 45 44 36 54 37 60 25 15 16 24 25 15
7+ 1 0 0 4 10 13 7 7 27 24 21 4 30 32 20 12 9 5 8 13 16 17

Total 141 132 126 96 135 160 195 145 139 143 162 128 124 151 143 201 92 84 79 82 101 83

Taylor River— Combined Species

Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
6 * * * * 6 5 5 * 16 * 7 0 * 6 0 * * * * * * *
7+ * * * * 6 0 0 * 6 * 5 0 * 2 0 * * * * * * *

Total * * * * 118 67 97 * 30 * 68 14 * 19 7 * * * * * * *

Winnicut River— Combined Species

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * * * * 45 44 60 42 29 36 3 48 9 5 5 30 * * * * * *
4 * * * * 24 69 70 64 61 88 58 52 41 56 29 65 * * * * * *
5 * * * * 4 19 30 25 30 21 66 38 34 60 71 40 * * * * * *
6 * * * * 4 16 14 21 2 7 13 16 32 37 49 * * * * * *
7+ * * * * 0 2 1 6 0 2 1 5 16 8 25 * * * * * *

Total * * * * 79 136 178 146 147 147 136 152 105 169 150 209 * * * * * *

* data not available for selected year

89




Table 6.11

Number-at-age of alewife river herring collected from the coastal rivers of New Hampshire, 1994-2015.

Cocheco River - Alewife
Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 52 10 37 18 11 1 48 14 3 4 1 2 0 0 0 13 5 1 1 1 1 4
4 57 60 61 15 38 45 26 52 29 72 10 28 9 7 18 74 13 20 16 35 25 24
5 10 40 51 23 42 40 25 36 33 26 57 43 19 29 37 48 28 26 19 16 36 23
6 0 2 31 12 14 20 7 7 22 5 26 46 25 39 33 41 19 16 17 13 19 18
7+ 0 0 1 2 10 5 0 8 6 4 8 1 24 18 10 8 7 12 10 21 25 11
Total | 119 112 181 70 115 111 106 117 93 111 102 120 77 93 98 184 72 75 63 66 106 80
Exeter River — Alewife
Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * 44 5 24 20 12 52 2 2 1 0 2 0 3 17 0 4 13 1 5 0 1
4 * 68 11 55 23 51 36 16 14 30 2 25 1 9 57 146 15 21 13 29 23 34
5 * 11 4 21 30 35 4 29 26 14 23 26 6 15 44 118 11 21 30 19 28 16
6 * 1 7 14 7 8 10 6 17 8 4 11 14 39 2 12 10 14 11
7+ * 0 4 5 0 0 1 0 3 2 3 5 2 2 4 0 0 3 7 5 1
Total * 124 20 111 92 105 94 56 52 54 44 64 16 40 134 307 32 63 59 70 70 63
Oyster River — Alewife
Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 0 3 1 0 0 0 0 0 0 0 0 0 0 0 1 3 2 5 2 4 1 0
4 0 5 3 0 0 0 0 0 0 0 0 0 0 0 0 6 13 18 17 34 7 25
5 0 0 1 0 0 0 0 0 1 0 2 0 0 0 2 2 3 30 14 14 29 21
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 8 13 9 10 10
7+ 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 3 2 1 4 4 3 3
Total 0 8 5 0 0 0 0 0 1 0 3 0 0 0 4 16 22 62 50 65 50 59
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Table 6.11 Continued.
Lamprey River — Alewife
Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 48 25 26 15 18 3 50 11 3 8 7 0 2 0 9 4 9 0 1 3 4 2
4 68 65 60 17 30 38 68 49 28 53 26 25 13 19 25 44 16 20 24 28 29 27
5 19 28 35 35 46 52 44 52 39 38 63 55 41 38 52 78 25 23 30 13 27 22
6 5 1 5 23 31 35 26 26 42 17 45 44 36 52 37 59 24 23 16 24 25 15
7+ 1 0 0 4 10 13 7 7 27 24 21 4 30 31 20 12 7 18 8 13 16 17
Total 141 119 126 94 135 141 195 145 139 140 162 128 122 140 143 197 81 84 79 81 101 83
Taylor River — Alewife
Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
6 * * * * 0 O 0 * O * 0 0 * 6 0 * * * * * * *
7+ * * * * 1 O 0 * O * 0 0 * 2 0 * * * * * * *
Total * * * * 3 0 0 * 0 * 1 0 * 19 0 * * * * * * *
Winnicut River — Alewife
Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * * * * 1 12 9 28 18 20 2 34 4 5 3 21 * * * * * *
4 * * * * 3 38 7 41 23 40 36 31 9 45 24 35 * * * * * *
5 * * * * 0 13 2 9 18 9 47 24 9 51 66 37 * * * * * *
6 * * * * 1 4 2 9 15 1 5 10 7 24 33 49 * * * * * *
7+ * * * * 0 0 1 0 5 0 2 1 3 14 8 24 * * * * * *
Total * * * * 5 67 21 87 79 70 92 100 32 139 134 166 * * * * * *

* data not available for selected year
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Table 6.12

Number-at-age of blueback river herring collected from the coastal rivers of New Hampshire, 1994-2015.

Cocheco River - Blueback

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 17 9 8 27 18 5 13 6 14 2 0 0 0 0 6 0 0 0 0 2 0 0
4 4 14 17 34 27 17 10 9 25 17 5 1 4 24 9 1 0 0 0 3 1 0
5 2 12 11 8 7 2 7 12 3 12 4 2 27 20 0 0 0 0 0 0 0
6 0 0 4 2 1 0 0 2 2 2 0 0 0 15 11 1 0 0 0 0 1 0
7+ 0 0 1 1 0 0 0 1 0 1 0 0 2 1 2 0 0 0 0 0 0 0

Total 21 25 42 75 54 29 25 25 53 25 17 5 8 67 48 2 0 0 0 5 2 0

Exeter River — Blueback

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * 26 1 58 49 11 1 6 0 1 0 0 0 0 4 3 2 0 0 0 4 0
4 * 26 0 57 21 37 1 29 1 0 4 0 0 0 5 1 2 0 0 0 21 27
5 * 6 1 31 7 3 1 18 1 0 8 0 0 0 0 1 1 1 0 0 7 12
6 * 3 0 15 2 0 0 23 0 0 1 0 0 0 2 0 1 0 0 0 1 2
7+ * 0 0 0 1 0 0 9 0 0 0 0 0 0 1 1 0 0 0 0 0 0

Total * 61 2 161 80 51 3 85 2 1 13 0 0 0 12 6 6 1 0 0 33 41

Oyster River — Blueback

Age | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 65 30 31 64 36 44 61 21 12 32 20 22 6 9 45 30 27 25 10 12 3 3
4 48 63 58 50 58 84 56 49 54 62 17 39 48 71 48 58 10 21 23 36 25 21
5 23 25 36 28 44 15 25 39 36 43 67 45 46 68 36 20 29 9 24 8 31 17
6 4 2 3 7 11 2 1 25 28 7 21 20 32 22 11 11 8 5 4 4 4 11
7+ 0 0 0 1 2 0 0 10 11 5 3 0 9 9 5 0 4 2 1 0 1 1

Total 140 120 128 150 151 145 143 144 141 149 128 126 141 179 145 119 78 62 62 60 64 53
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Table 6.12 Continued.
Lamprey River — Blueback

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 0 1 0 0 0 12 0 0 0 0 0 0 1 2 0 2 1 0 0 0 0 0
4 0 9 0 1 0 6 0 0 0 0 0 0 0 2 0 0 5 0 0 0 0 0
5 0 3 0 0 0 1 0 0 0 3 0 0 1 4 0 1 2 0 0 0 0 0
6 0 0 0 1 0 0 0 0 0 0 0 0 0 2 0 1 1 0 0 0 0 0
7+ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 0 0 0 0 0

Total 0 13 0 2 0 19 0 0 0 3 0 0 2 11 0 4 11 0 0 0 0 0

Taylor River — Blueback

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
6 * * * * 6 5 5 * 16 * 7 0 * 0 0 * * * * * * *
7+ * * * * 5 0 0 * 6 * 5 0 * 0 0 * * * * * * *

Total * * * * 115 67 97 * 30 * 67 14 * 0 7 * * * * * * *

Winnicut River — Blueback

Age 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
3 * * * * 44 32 51 14 11 16 1 14 5 0 2 9 * * * * * *
4 * * * * 21 31 63 23 38 48 22 21 32 11 5 30 * * * * * *
5 * * * * 4 6 28 16 12 12 19 14 25 5 3 * * * * * *
6 * * * * 0 14 5 6 1 2 9 8 4 0 * * * * * *
7+ * * * * 2 0 1 1 1 0 0 0 2 0 1 * * * * * *

Total * * * * 74 69 157 59 68 77 44 52 73 30 16 43 * * * * * *

* data not available for selected year
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Table 6.13

Mean total length-at-age (TL, mm) of river herring returning to New Hampshire rivers, 1992-2015.

Cocheco River— Combined Species

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
280 249 260 268 272 253 258 258 268 271 248 262 266 258 236 249 255 246 244 245 245 266
4 284 267 273 282 282 262 269 273 277 280 266 274 274 273 265 261 257 266 273 263 284 261 255 270
314 284 292 290 292 286 280 284 295 288 284 285 282 284 280 268 271 281 293 273 283 285 279 281
6 322 300 307 296 305 293 294 304 292 300 294 300 300 291 285 277 292 297 301 301 303 296 302
7+ 328 311 309 314 314 309 306 305 311 315 298 312 290 312 306 311 317 313 318 325
Exeter River— Combined Species
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 274 * 271 285 253 257 259 270 272 266 252 236 245 252 250 253 255 244 253 246 265
4 283 264 * 283 285 268 270 269 283 274 273 283 271 272 273 261 270 275 265 268 276 263 260 271
5 290 279 * 296 300 282 280 279 293 285 281 289 277 283 284 271 279 280 285 281 287 283 278 285
6 302 298 * 317 289 288 297 306 287 287 295 288 301 285 289 282 286 290 285 295 304 293 300
7+ 292 319 * 315 312 287 314 311 322 300 306 310 291 317 309 317 328
Oyster River— Combined Species
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 267 242 253 262 257 255 254 258 261 260 250 254 249 241 235 243 238 249 250 245 238 246 249 258
4 277 264 273 270 265 267 269 269 271 271 252 261 264 256 245 250 248 255 260 263 255 261 264 272
5 288 278 288 283 269 280 278 281 280 276 268 275 270 272 258 264 262 269 269 280 274 279 279 288
6 303 289 293 308 274 292 293 296 281 281 276 286 276 280 277 271 273 275 274 293 288 294 294 290
7+ 318 318 307 287 284 298 290 291 288 281 286 282 285 291 311 308 305
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Table 6.13 Continued.
Lamprey River— Combined Species
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 283 269 274 278 263 261 253 273 272 262 264 259 247 247 261 250 254 256 250 252 255
4 293 274 279 285 287 274 266 268 281 282 279 276 271 273 261 268 269 272 261 258 267 263 268 271
5 302 283 292 297 296 296 281 281 295 292 294 288 284 290 285 279 277 285 288 275 285 287 285 295
6 320 301 308 314 300 305 292 296 304 299 304 298 294 301 302 299 287 295 303 294 304 301 307 302
7+ 321 329 316 304 312 312 306 311 319 313 324 310 313 305 307 309 314 318 314 321 321
Taylor River— Combined Species
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 * 251 * * * * 246 253 263 * 236 * 247 253 * 241 * * * * * * *
4 * 265 * * * * 255 266 267 * 266 * 258 258 * 264 238 * * * * * * *
5 * 279 * * * * 272 282 274 * 275 * 267 * 276 * * * * * * *

6 * 295 * * * * 284 294 291 * 284 * 281 * 295 * * * * * * *
7+ * 309 * * * * 296 * 291 * 296 * 308 * * * * * * *
Winnicut River— Combined Species
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Age
3 * * * * * * 249 250 239 254 250 247 232 233 229 239 235 237 * * * * * *
4 * * * * * * 260 261 253 262 252 256 258 248 242 247 254 254 * * * * * *
5 * * * * * * 271 273 269 272 266 269 266 268 252 258 263 265 * * * * * *
6 * * * * * * 285 289 274 281 272 280 274 268 275 270 278 279 * * * * * *
7+ * * * * * * 303 289 268 291 277 263 281 292 287 289 * * * * * *

*data not available for selected year
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Table 6.14

Mean total length-at-age (TL, mm) of alewife river herring returning to New Hampshire rivers, 1992-2015.

Cocheco River - Alewife

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 285 249 263 272 274 261 267 250 273 274 262 265 266 258 249 255 246 244 248 245 266
4 288 271 273 283 286 262 273 276 280 281 275 277 279 273 266 273 262 266 273 263 284 262 255 270
5 316 291 292 290 296 289 281 287 297 291 288 287 284 286 281 276 276 281 293 273 283 285 279 281
6 322 302 307 298 308 294 294 304 297 301 306 300 300 291 288 280 292 297 301 301 303 297 302
7+ 328 325 305 314 314 313 306 312 311 315 299 314 294 312 306 312 317 312 318 325
Exeter River-Alewife
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 279 * 274 284 261 260 258 270 282 266 255 236 245 255 256 255 244 253 265
4 284 262 * 283 285 276 275 270 283 280 274 283 276 272 273 261 272 276 265 268 276 263 266 274
5 292 282 * 296 302 292 280 280 292 287 281 289 279 283 284 271 279 280 284 282 287 283 286 296
6 304 302 * 305 299 289 297 306 289 287 294 289 301 284 289 282 286 304 285 295 304 296 305
7+ 329 * 315 307 298 314 311 322 300 306 308 297 317 309 317 328
Oyster River - Alewife
Mean Length (mm) at Age
Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 272 262 278 231 250 276 258 246 248 265
4 281 268 269 255 257 267 253 261 278 273
5 298 266 290 284 274 264 258 281 283 283 288 290
6 297 261 276 296 288 296 296 297
7+ 324 281 303 286 278 281 293 311 313 307
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Table 6.14 Continued.

Lamprey River - Alewife

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Age

3 283 269 274 278 263 261 249 273 272 262 264 259 250 261 252 254 256 250 252 255

4 293 274 279 284 287 275 266 268 281 282 279 276 271 273 261 269 269 272 260 258 267 263 268 271

5 302 282 292 297 296 296 281 281 295 292 294 290 284 290 286 280 277 285 290 275 285 287 285 295

6 320 301 308 314 300 305 292 296 304 299 304 298 294 301 302 300 287 295 304 294 304 301 307 302

7+ 321 329 316 304 312 312 306 311 319 313 324 310 314 305 307 322 314 318 314 321 321

Taylor River - Alewife

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 * 256 * * * * * * * * * * * * * *
4 * 260 * * * * 260 * * * 264 * * * * * * *
5 * 279 * * * * * * 251 * 276 * * * * * * *
6 * * * * * * * * 295 * * * * * * *
7+ * * * * * 286 * * * 308 * * * * * * *

Winnicut River - Alewife

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 * * * * * * 244 249 240 254 251 248 234 231 227 239 233 234 * * * * * *
4 * * * * * * 263 259 252 261 254 259 260 247 243 248 254 250 * * * * * *
5 * * * * * * 273 264 270 265 269 266 268 251 258 263 265 * * * * * *
6 * * * * * * 277 288 276 278 271 290 277 269 284 271 278 279 * * * * * *
7+ * * * * * * 282 294 276 263 281 292 286 290 * * * * * *

*data not available for selected year
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Table 6.15 Mean total length-at-age (TL, mm) of blueback river herring returning to New Hampshire rivers, 1992-2015.

Cocheco River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age

3 273 252 264 262 248 252 260 252 262 245 255 236 244

4 277 263 268 275 266 262 264 267 268 273 256 260 264 258 262 257 247 234 253 254

5 299 277 294 276 282 274 270 278 270 273 261 271 263 274 259 262

6 322 292 282 288 287 277 290 266 277 268 282 273

7+ 297 318 280 277 286 292 272

Exeter River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 264 * 267 292 249 255 261 255 268 249 239 250 244 246
4 276 268 * 281 260 265 267 282 271 266 268 254 251 264 252 267
5 283 277 * 294 295 276 278 271 298 281 286 270 260 301 248 272
6 297 292 * 321 284 279 287 275 276 262 264 276
7+ 292 308 * 334 286 312 270

Oyster River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015

Age

3 267 242 253 262 256 255 254 258 261 260 250 254 249 241 234 243 238 248 248 242 237 246 243 258

4 276 264 273 270 265 267 269 269 271 270 252 261 264 256 245 250 248 255 264 260 256 261 261 271

5 287 278 288 283 269 280 278 281 280 276 268 275 269 272 258 264 261 269 270 276 269 271 271 286

6 304 290 293 308 274 292 293 296 281 281 276 286 276 280 277 271 273 277 273 288 288 290 288 284

7+ 316 318 306 287 284 298 292 291 288 276 284 287 284 292 299
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Table 6.15 Continued.

Lamprey River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age

3 279 254 241 247 245 257

4 280 287 253 270 262 262

5 288 304 250 264 271 267 258 265

6 312 279 269 263

7+ 272 260

Taylor River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 * 248 * * * * 246 252 263 * 236 * 247 253 * 241 * * * * * * *
4 * 264 * * * * 255 266 267 * 266 * 258 258 * 238 * * * * * * *
5 * 279 * * * * 272 282 274 * 275 * 268 * * * * * * * *
6 * 295 * * * * 284 294 291 * 284 * 281 * * * * * * * *
7+ * 309 * * * * 298 * 290 * 296 * * * * * * * *

Winnicut River — Blueback

Mean Length (mm) at Age

Year | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Age
3 * * * * * * 249 250 239 255 247 245 230 239 230 239 245 * * * * * *
4 * * * * * * 260 262 253 263 251 254 256 249 242 241 256 259 * * * * * *
5 * * * * * * 271 274 269 273 267 268 264 270 252 254 266 262 * * * * * *
6 * * * * * * 287 274 285 274 270 267 266 269 270 276 * * * * * *
7+ * * * * * * 303 296 268 276 281 292 287 * * * * * *

*data not available for selected year
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Table 6.16 Distribution of repeat spawning frequency of river herring returning to New Hampshire
rivers, from scale samples aged between 2000 and 2015.

Cocheco River - Combined Species

Year % r0 %rl % r2 %r3 % rd Total N
2000 66% 15% 18% 1% 0% 131
2001 57% 33% 6% 2% 1% 142
2002 63% 25% 12% 0% 0% 146
2003 71% 16% 10% 3% 0% 136
2004 34% 45% 18% 3% 0% 119
2005 47% 29% 18% 6% 0% 125
2006 53% 24% 13% 8% 2% 85
2007 69% 17% 9% 4% 1% 160
2008 68% 26% 6% 0% 0% 146
2009 78% 21% 1% 0% 0% 90
2010 35% 35% 29% 1% 0% 72
2011 64% 21% 12% 9% 0% 75
2012 41% 40% 16% 2% 2% 63
2013 53% 23% 15% 8% 0% 93
2014 44% 27% 19% 11% 0% 108
2015 62% 19% 7% 10% 1% 81

Exeter River - Combined Species

Year % r0 %rl % r2 % r3 % r4 Total N
2000 90% 8% 2% 0% 0% 97
2001 48% 33% 16% 3% 0% 141
2002 80% 13% 7% 0% 0% 54
2003 62% 25% 13% 0% 0% 55
2004 58% 26% 14% 2% 0% 57
2005 78% 16% 3% 3% 0% 64
2006 63% 31% 6% 0% 0% 16
2007 83% 15% 3% 0% 0% 40
2008 90% 8% 2% 1% 0% 146
2009 88% 11% 1% 0% 0% 314
2010 76% 21% 0% 3% 0% 38
2011 89% 11% 0% 0% 0% 64
2012 66% 25% 8% 0% 0% 59
2013 71% 20% 9% 0% 0% 70
2014 64% 30% 5% 1% 0% 103
2015 66% 25% 8% 1% 0% 104

100



Table 6.16 Continued

Oyster River - Combined Species
Year % r0 %rl % r2 % r3 % rd Total N
2000 66% 26% 7% 2% 0% 145
2001 36% 42% 16% 5% 1% 146
2002 63% 17% 15% 4% 0% 142
2003 49% 32% 16% 3% 0% 149
2004 32% 25% 34% 8% 1% 131
2005 50% 35% 14% 1% 0% 126
2006 57% 24% 13% 6% 0% 141
2007 62% 28% 7% 3% 0% 179
2008 72% 17% 7% 3% 0% 149
2009 59% 35% 6% 0% 0% 101
2010 53% 24% 18% 5% 0% 100
2011 73% 38% 9% 4% 0% 124
2012 60% 31% 17% 3% 1% 112
2013 81% 12% 6% 0% 0% 126
2014 33% 60% 6% 1% 0% 114
2015 47% 29% 18% 4% 1% 112
Lamprey River - Combined Species
Year % r0 % rl % r2 % r3 % rd Total N
2000 54% 26% 17% 3% 1% 195
2001 41% 45% 10% 3% 0% 145
2002 37% 29% 29% 5% 0% 139
2003 48% 27% 20% 6% 0% 143
2004 | 45% 27% 20% 7% 1% 162
2005 48% 36% 14% 2% 0% 128
2006 41% 34% 19% 6% 0% 124
2007 43% 27% 22% 6% 2% 151
2008 67% 20% 8% 3% 1% 143
2009 50% 40% 9% 1% 0% 146
2010 36% 39% 20% 5% 0% 92
2011 52% 21% 15% 11% 0% 84
2012 54% 33% 10% 3% 0% 79
2013 46% 30% 18% 5% 0% 82
2014 | 43% 40% 13% 4% 1% 101
2015 42% 25% 22% 11% 0% 83
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Table 6.16 Continued

Taylor River - Combined Species

Year % r0 %rl % r2 % r3 % r4 Total N
2000 69% 28% 2% 1% 0% 97
2002 7% 40% 47% 7% 0% 30
2004 71% 15% 10% 4% 0% 68
2005 93% 7% 0% 0% 0% 14
2007 68% 26% 5% 0% 0% 19
2008 100% 0% 0% 0% 0%

Winnicut River - Combined Species

Year % r0 %rl % r2 %r3 % rd Total N
2000 77% 11% 9% 3% 0% 179
2001 57% 33% 9% 1% 0% 146
2002 67% 12% 18% 3% 0% 147
2003 63% 34% 3% 0% 0% 147
2004 36% 44% 18% 1% 0% 136
2005 66% 24% 9% 1% 0% 152
2006 70% 24% 4% 3% 0% 105
2007 38% 40% 14% 7% 1% 169
2008 36% 33% 26% 3% 1% 150
2009 54% 23% 16% 6% 0% 149
2010 * * * * * *

*-Sampling did not occur.
+-Sampling occurred but no alewife encountered in run.
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Table 6.17 Distribution of repeat spawning frequency of alewife river herring returning to New
Hampshire rivers, from scale samples aged between 2000 and 2015.

Cocheco River - Alewife

Year % r0 %rl % r2 % r3 % r4 Total N
2000 68% 11% 20% 1% 0% 106
2001 56% 34% 6% 3% 1% 117
2002 54% 33% 13% 0% 0% 93
2003 69% 17% 12% 2% 0% 111
2004 30% 46% 20% 4% 0% 102
2005 46% 29% 18% 7% 0% 120
2006 49% 25% 14% 9% 3% 77
2007 69% 15% 8% 8% 1% 93
2008 70% 27% 3% 0% 0% 98
2009 78% 20% 1% 0% 0% 88
2010 35% 35% 29% 1% 0% 72
2011 57% 21% 12% 9% 0% 75
2012 41% 40% 16% 2% 2% 63
2013 51% 24% 16% 8% 0% 87
2014 43% 27% 18% 11% 0% 106
2015 63% 19% 8% 10% 1% 80

Exeter River - Alewife

Year % r0 %rl % r2 % r3 % r4 Total N
2000 89% 9% 2% 0% 0% 94
2001 63% 36% 2% 0% 0% 56
2002 81% 13% 6% 0% 0% 52
2003 61% 26% 13% 0% 0% 54
2004 64% 23% 11% 2% 0% 44
2005 78% 16% 3% 3% 0% 64
2006 63% 31% 6% 0% 0% 16
2007 83% 15% 3% 0% 0% 40
2008 91% 8% 1% 0% 0% 134
2009 88% 11% 1% 0% 0% 307
2010 81% 19% 0% 0% 0% 32
2011 89% 11% 0% 0% 0% 63
2012 66% 25% 8% 0% 0% 59
2013 71% 20% 9% 0% 0% 70
2014 51% 40% 7% 1% 0% 70
2015 73% 14% 11% 2% 0% 63
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Table 6.17 Continued.

Oyster River - Alewife

Year % r0 %rl % r2 % r3 % ra Total N
2000 +
2001 +
2002 0% 100% 0% 0% 0% 1
2003 +
2004 | 100% 0% 0% 0% 0% 3
2005 +
2006 +
2007 +
2008 50% 25% 0% 25% 0% 4
2009 40% 33% 27% 0% 0% 15
2010 73% 14% 5% 9% 0% 22
2011 65% 26% 6% 3% 0% 62
2012 66% 16% 14% 1% 1% 50
2013 83% 11% 6% 0% 0% 65
2014 36% 56% 8% 0% 0% 50
2015 61% 29% 7% 2% 2% 59

Lamprey River - Alewife

Year % r0 % rl % r2 % r3 % rd Total N
2000 54% 26% 17% 3% 1% 195
2001 41% 45% 10% 3% 0% 145
2002 37% 29% 29% 5% 0% 139
2003 49% 26% 19% 6% 0% 140
2004 45% 27% 20% 7% 1% 162
2005 48% 36% 14% 2% 0% 128
2006 40% 34% 20% 6% 0% 122
2007 43% 26% 22% 6% 2% 140
2008 67% 20% 8% 3% 1% 143
2009 50% 41% 8% 1% 0% 145
2010 37% 38% 20% 5% 0% 81
2011 52% 21% 15% 11% 0% 84
2012 54% 33% 10% 3% 0% 79
2013 46% 30% 18% 5% 0% 82
2014 43% 40% 13% 4% 1% 101
2015 42% 25% 22% 11% 0% 83

*-Sampling did not occur.
+-Sampling occurred but no alewife encountered in run.
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Table 6.17 Continued.

Taylor River - Alewife
Year % r0 %rl % r2 % r3 % ra Total N
2000 +
2002 +
2004 100% 0% 0% 0% 0% 1
2005 +
2007 68% 26% 5% 0% 0% 19
2008 +
Winnicut River - Alewife
Year % r0 % rl % r2 % r3 % rd Total N
2000 76% 0% 19% 5% 0% 21
2001 55% 36% 7% 2% 0% 87
2002 59% 13% 22% 5% 0% 79
2003 64% 31% 4% 0% 0% 70
2004 34% 45% 20% 2% 0% 92
2005 60% 28% 11% 1% 0% 100
2006 63% 31% 0% 6% 0% 32
2007 38% 40% 14% 8% 0% 139
2008 35% 34% 26% 4% 1% 134
2009 45% 27% 21% 8% 0% 116

*-Sampling did not occur.

+-Sampling occurred but no alewife encountered in run.
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Table 6.18 Distribution of repeat spawning frequency of blueback river herring returning to New
Hampshire rivers, from scale samples aged between 2000 and 2015.

Cocheco River - Blueback

Year % r0 %rl % r2 %r3 % rd Total N
2000 56% 32% 12% 0% 0% 25
2001 60% 28% 8% 0% 4% 25
2002 79% 11% 9% 0% 0% 53
2003 76% 12% 4% 8% 0% 25
2004 59% 35% 6% 0% 0% 17
2005 80% 20% 0% 0% 0% 5
2006 88% 13% 0% 0% 0% 8
2007 69% 19% 12% 0% 0% 67
2008 63% 25% 13% 0% 0% 48
2009 50% 50% 0% 0% 0% 2
2010 +
2011 +
2012 +
2013 | 100% 0% 0% 0% 0% 5
2014 50% 0% 50% 0% 0% 2
2015 +

Exeter River - Blueback

Year % r0 %rl % r2 % r3 % r4 Total N
2000 | 100% 0% 0% 0% 0% 3
2001 39% 32% 25% 5% 0% 85
2002 50% 0% 50% 0% 0% 2
2003 | 100% 0% 0% 0% 0% 1
2004 38% 38% 23% 0% 0% 13
2005 +
2006
2007
2008 75% 0% 17% 8% 0% 12
2009 50% 50% 0% 0% 0% 6
2010 50% 33% 0% 17% 0% 6
2011 | 100% 0% 0% 0% 0% 1
2012 +
2013 +
2014 91% 9% 0% 0% 0% 33
2015 56% 41% 2% 0% 0% 41

*-Sampling did not occur.
+-Sampling occurred but no blueback encountered in run.
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Table 6.18 Continued.

Oyster River - Blueback
Year % r0 %rl % r2 % r3 % ra Total N
2000 65% 26% 7% 2% 0% 143
2001 35% 43% 15% 6% 1% 144
2002 64% 16% 16% 4% 0% 141
2003 49% 32% 16% 3% 0% 149
2004 30% 26% 34% 9% 1% 128
2005 50% 35% 14% 1% 0% 126
2006 57% 24% 13% 6% 0% 141
2007 62% 28% 7% 3% 0% 179
2008 72% 17% 8% 3% 0% 145
2009 63% 35% 2% 0% 0% 86
2010 47% 27% 22% 4% 0% 78
2011 53% 35% 8% 3% 0% 62
2012 44% 37% 16% 3% 0% 62
2013 80% 13% 7% 0% 0% 60
2014 31% 63% 5% 2% 0% 64
2015 32% 30% 30% 8% 0% 53
Lamprey River - Blueback
Year % r0 % rl % r2 % r3 % rd Total N
2000 +
2001 +
2002 +
2003 0% 33% 67% 0% 0% 3
2004 +
2005 +
2006 | 100% 0% 0% 0% 0% 2
2007 45% 36% 18% 0% 0% 11
2008 +
2009 0% 0% 100% 0% 0% 1
2010 27% 45% 18% 9% 0% 11
2011 +
2012 +
2013 +
2014 +
2015 +

*-Sampling did not occur.
+-Sampling occurred but no blueback encountered in run.
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Table 6.18 Continued.

Taylor River - Blueback
Year % r0 %rl % r2 % r3 % ra Total N

2000 69% 28% 2% 1% 0% 97
2002 7% 40% 47% 7% 0% 30
2004 70% 15% 10% 4% 0% 67
2005 93% 7% 0% 0% 0% 14
2007 +

2008 100% 0% 0% 0% 0% 7

Winnicut River - Blueback
Year % r0 % rl % r2 % r3 % rd Total N

2000 76% 13% 8% 3% 0% 157
2001 59% 29% 12% 0% 0% 59
2002 76% 10% 13% 0% 0% 68
2003 61% 36% 3% 0% 0% 77
2004 41% 43% 16% 0% 0% 44
2005 79% 17% 4% 0% 0% 52
2006 73% 21% 5% 1% 0% 73
2007 40% 40% 13% 3% 3% 30
2008 44% 31% 25% 0% 0% 16
2009 88% 12% 0% 0% 0% 33

*-Sampling did not occur.
+-Sampling occurred but no blueback encountered in run.
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Table 6.19

Annual juvenile abundance index of river herring seined in Great Bay Estuary, New

Hampshire, 1997-2015.

. Alewife Alewife Blueback Blueback

Alewife . . .| Blueback . : .

Year Catch Arithmetic | Geometric Catch Arithmetic | Geometric
Mean Mean Mean Mean
1997 16 0.18 0.07 295 3.31 0.49
1998 14 0.16 0.04 1821 20.23 0.66
1999 660 7.33 0.27 11838 131.53 0.97
2000 71 0.79 0.26 5092 56.58 0.74
2001 119 1.24 0.13 1476 15.38 0.88
2002 164 1.82 0.34 261 2.90 0.26
2003 899 9.99 0.32 1812 20.13 0.76
2004 35 0.39 0.14 124 1.38 0.22
2005 29 0.32 0.11 2146 23.84 0.35
2006 1471 16.34 0.32 432 4.80 0.42
2007 203 2.26 0.21 1503 16.70 0.50
2008 39 0.43 0.15 37 0.41 0.13
2009 32 0.36 0.10 182 2.02 0.20
2010 14 0.16 0.08 79 0.88 0.17
2011 21 0.24 0.08 7 0.07 0.05
2012 6 0.07 0.02 29 0.32 0.08
2013 739 8.21 0.23 6 0.07 0.04
2014 8 0.09 0.05 46 0.51 0.14
2015 117 1.30 0.31 19 0.21 0.06
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Table 6.20

Estimates of total instantaneous mortality (Z) with standard errors for river herring
in coastal New Hampshire rivers, using Chapman-Robson, Heinecke, and catch curve

methods based on age, separated by species and sex, 1990-2015.

110

Cocheco River Chapman-Robson Heinecke Catch Curve

Species Sex Year Z estimate SE Z estimate SE Z estimate SE
Alewives Male 1992 0.84 0.138 0.57 0.093 0.44 0.184
Alewives Male 1993 1.49 0.233 1.25 0.191 * *
Alewives Male 1994 2.30 0.468 2.22 0.446 * *
Alewives Male 1995 1.19 0.176 0.89 0.128 1.70 0.748
Alewives Male 1996 0.84 0.103 0.63 0.075 0.39 0.019
Alewives Male 1997 1.22 0.260 1.14 0.240 1.07 0.017
Alewives Male 1998 1.87 0.370 2.14 0.441 1.35 0.782
Alewives Male 1999 0.82 0.112 0.64 0.086 1.02 0.357
Alewives Male 2000 0.84 0.111 0.76 0.101 0.73 0.138
Alewives Male 2001 1.03 0.159 0.83 0.126 1.05 0.455
Alewives Male 2002 0.71 0.099 0.49 0.068 0.83 0.155
Alewives Male 2003 0.95 0.152 0.74 0.117 0.93 0.276
Alewives Male 2004 1.28 0.217 1.05 0.174 1.11 0.146
Alewives Male 2005 1.06 0.183 0.72 0.121 1.47 0.786
Alewives Male 2006 1.85 0.514 1.73 0.475 * *
Alewives Male 2007 1.19 0.258 1.39 0.306 0.75 0.834
Alewives Male 2008 1.82 0.402 1.69 0.364 * *
Alewives Male 2009 0.86 0.097 0.72 0.080 0.96 0.269
Alewives Male 2010 1.00 0.208 0.82 0.169 1.01 0.288
Alewives Male 2011 0.96 0.198 0.82 0.169 0.63 0.039
Alewives Male 2012 0.9 0.195 0.65 0.138 0.65 0.259
Alewives Male 2013 0.6 0.094 0.56 0.087 0.19 0.185
Alewives Male 2014 0.67 0.109 0.57 0.093 0.41 0.152
Alewives Male 2015 0.93 0.185 0.73 0.144 0.95 0.165
Alewives Female 1992 1.95 0.520 1.85 0.486 * *
Alewives Female 1993 1.49 0.262 1.27 0.216 * *
Alewives Female 1994 1.76 0.365 1.61 0.327 * *
Alewives Female 1995 1.19 0.176 0.89 0.128 1.70 0.748
Alewives Female 1996 1.24 0.196 0.97 0.151 1.67 0.639
Alewives Female 1997 *x *x ** *x *x *x
Alewives Female 1998 0.55 0.081 0.36 0.054 0.46 0.132
Alewives Female 1999 1.06 0.188 1.07 0.190 0.87 0.206
Alewives Female 2000 0.62 0.093 0.43 0.064 0.40 0.201
Alewives Female 2001 0.76 0.103 0.61 0.082 0.56 0.149
Alewives Female 2002 0.95 0.187 0.69 0.134 0.77 0.305
Alewives Female 2003 1.33 0.177 1.47 0.199 1.01 0.169
Alewives Female 2004 1.02 0.150 0.94 0.136 1.11 0.166
Alewives Female 2006 1.14 0.283 0.94 0.231 1.20 0.342
Alewives Female 2007 1.02 0.186 1.01 0.184 0.97 0.107
Alewives Female 2008 0.96 0.169 0.78 0.136 0.67 0.070
Alewives Female 2009 0.65 0.071 0.44 0.048 0.49 0.224
Alewives Female 2010 0.88 0.168 0.66 0.125 0.51 0.103
Alewives Female 2011 0.71 0.135 0.53 0.1 0.58 0.135
Alewives Female 2012 0.53 0.095 0.37 0.067 0.39 0.088
Alewives Female 2013 0.57 0.088 0.5 0.078 0.16 0.259




Table 6.20 Continued.

Cocheco River Chapman-Robson Heinecke Catch Curve

Species Sex Year Z estimate Species Sex Year Z estimate Species
Alewives Female 2014 0.72 0.115 0.62 0.099 0.46 0.067
Alewives Female 2015 0.54 0.088 0.44 0.072 0.33 0.054
Blueback Male 1992 1.56 0.430 1.67 0.469 1.28 0.340
Blueback Male 1993 2.60 0.667 2.56 0.653 * *
Blueback Male 1994 2.01 0.634 1.95 0.606 * *
Blueback Male 1996 0.94 0.251 0.92 0.245 0.55 0.317
Blueback Male 1997 1.79 0.400 1.65 0.361 * *
Blueback Male 1998 1.39 0.344 1.15 0.279 * *
Blueback Male 1999 1.56 0.430 1.39 0.375 * *
Blueback Male 2000 1.03 0.247 0.75 0.175 1.15 0.536
Blueback Male 2001 0.98 0.417 1.10 0.471 0.69 0.400
Blueback Male 2002 1.13 0.233 0.96 0.195 1.04 0.200
Blueback Male 2003 0.98 0.308 1.30 0.420 0.62 0.360
Blueback Male 2004 *x *x ** *x *x *x
Blueback Male 2005 ** o *x ** ** *x
Blueback Male 2006 1.10 0.516 0.92 0.424 * *
Blueback Male 2007 1.34 0.255 1.16 0.217 1.55 0.376
Blueback Male 2008 1.30 0.338 1.22 0.316 1.24 0.083
Blueback Male 2009 ** o *x ** ** o
Blueback Male 2010 ** o *x ** ** o
Blueback Male 2011 ** o *x ** ** *x
Blueback Male 2012 ** o *x ** ** o
Blueback Male 2013 ** o *x ** ** o
Blueback Male 2014 ** ** ** ** ** **
Blueback Male 2015 ** o *x ** ** o
Blueback Female 1992 1.47 0.483 1.30 0.420 * *
Blueback Female 1993 1.73 0.364 1.58 0.324 * *
Blueback Female 1994 1.39 0.567 1.25 0.505 * *
Blueback Female 1995 1.87 0.623 1.79 0.589 * *
Blueback Female 1996 1.47 0.483 1.70 0.579 1.10 0.634
Blueback Female 1997 0.96 0.213 0.89 0.197 0.88 0.053
Blueback Female 1998 1.61 0.434 1.73 0.475 1.32 0.362
Blueback Female 1999 1.20 0.452 0.98 0.361 * *
Blueback Female 2000 0.81 0.340 0.69 0.289 0.55 0.083
Blueback Female 2001 1.03 0.340 0.92 0.300 0.90 0.117
Blueback Female 2002 1.39 0.416 1.18 0.346 * *
Blueback Female 2003 1.32 0.410 1.39 0.433 1.10 0.234
Blueback Female 2004 *k *% *% *k *%k *%
Blueback Fema|e 2005 * % * % * % * % * % * %
Blueback Female 2006 %%k %k * ¥ %%k %%k %k
Blueback Female 2007 0.75 0.172 0.60 0.136 0.20 0.222
Blueback Female 2008 0.98 0.255 0.69 0.177 1.04 0.523
Blueback Female 2009 ** o *x ** ** o
Blueback Female 2010 ** o *x ** ** o
Blueback Fema|e 2011 * % * % * % * % * % * %
Blueback Female 2012 ** *x *x ** ** o
Blueback Female 2013 ** *x *x ** ** o
Blueback Female 2014 *x *x ** *x *x *x
Blueback Female 2015 *x *x ** *x *x *x
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Table 6.20

Continued.

Lamprey River Chapman-Robson Heinecke Catch Curve
Species Sex Year Z estimate SE z SE z SE
Alewives | Male 1990 1.61 | 0.596 1.50 | 0.550 * *
Alewives | Male 1991 ** ** ** ** ** **
Alewives | Male 1992 1.23 | 0.182 1.24 | 0.184 1.05 0.247
Alewives | Male 1993 1.95 | 0.290 1.81 | 0.264 * *
Alewives | Male 1994 1.74 | 0.284 1.67 | 0.271 1.83 0.143
Alewives | Male 1995 1.88 | 0.344 1.74 | 0.312 * *
Alewives | Male 1996 1.25 | 0.182 1.08 | 0.156 1.23 0.220
Alewives | Male 1997 1.10 | 0.207 0.87 | 0.161 1.10 0.350
Alewives | Male 1998 1.05 | 0.156 0.85 | 0.125 0.86 0.174
Alewives | Male 1999 0.73 1 0.092 0.50 | 0.062 0.70 0.229
Alewives | Male 2000 0.84 | 0.100 0.71 | 0.083 0.81 0.158
Alewives | Male 2001 0.71 | 0.084 0.51 | 0.060 0.85 0.157
Alewives | Male 2002 1.41 | 0.248 1.15| 0.198 * *
Alewives | Male 2003 0.69 | 0.077 0.57 | 0.063 0.39 0.155
Alewives | Male 2004 0.86 | 0.110 0.68 | 0.086 0.81 0.107
Alewives | Male 2005 1.10 | 0.162 0.75 | 0.108 1.65 0.859
Alewives | Male 2006 0.83 1 0.121 0.65 | 0.094 0.92 0.164
Alewives | Male 2007 1.13 | 0.187 1.07 | 0.176 1.02 0.411
Alewives | Male 2008 1.73 | 0.364 1.76 | 0.370 1.59 0.117
Alewives | Male 2009 1.09 | 0.128 0.86 | 0.099 1.02 0.301
Alewives | Male 2010 1.05 | 0.219 0.73 | 0.150 1.28 0.644
Alewives | Male 2011 0.73 1 0.139 0.53 0.1 0.61 0.118
Alewives | Male 2012 11]0.208 0.92 0.19 0.66 0.147
Alewives | Male 2013 0.55 | 0.09 0.46 | 0.075 0.51 0.245
Alewives | Male 2014 0.85 | 0.155 0.63 | 0.114 0.46 0.085
Alewives | Male 2015 0.77 1 0.147 0.59 | 0.112 0.81 0.245
Alewives | Female 1990 ** ** ** ** ** **
Alewives | Female 1991 ** ** ** ** ** **
Alewives | Female 1992 1.08 | 0.171 0.89 | 0.139 0.94 0.183
Alewives | Female 1993 1.56 | 0.244 1.35 0.205 * *
Alewives | Female 1994 1.10 | 0.172 1.03 | 0.161 1.11 0.070
Alewives | Female 1995 1.20 | 0.173 090 | 0.126 1.73 0.757
Alewives | Female 1996 1.07 | 0.164 0.76 | 0.113 1.26 0.600
Alewives | Female 1997 1.06 | 0.199 0.79 0.147 1.07 0.417
Alewives | Female 1998 0.86 | 0.144 0.64 | 0.106 0.82 0.189
Alewives | Female 1999 0.85 1 0.113 0.66 | 0.087 0.79 0.110
Alewives | Female 2000 0.76 | 0.093 0.56 | 0.068 0.66 0.146
Alewives | Female 2001 1.28 | 0.217 1.05| 0.174 1.63 0.540
Alewives | Female 2002 0.71 1 0.103 0.48 | 0.068 0.90 0.430
Alewives | Female 2003 0.57 | 0.082 043 | 0.061 0.47 0.142
Alewives | Female 2004 0.85 | 0.110 0.66 | 0.084 0.75 0.141
Alewives | Female 2005 1.01 | 0.147 0.77 0.110 1.10 0.485
Alewives | Female 2006 0.87 1 0.142 0.64 | 0.104 0.50 0.112
Alewives | Female 2007 1.02 | 0.165 090 | 0.144 1.08 0.103
Alewives | Female 2008 0.87 1 0.113 0.81 | 0.105 0.86 0.246
Alewives | Female 2009 0.95 | 0.118 0.62 | 0.076 0.84 0.465
Alewives | Female 2010 1.39 | 0.344 1.15 0.279 * *
Alewives | Female 2011 0.97 | 0.206 0.78 | 0.163 0.73 0.143
Alewives | Female 2012 0.91 | 0.174 0.73 | 0.138 0.93 0.127
Alewives | Female 2013 0.58 | 0.092 0.43 | 0.069 0.21 0.147
Alewives | Female 2014 0.52 | 0.074 0.35 | 0.049 0.38 0.115
Alewives | Female 2015 1.14 | 0.283 1.1 0.272 0.9 0.117
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Table 6.20

Continued.

Oyster River Chapman-Robson Heinecke Catch Curve

species sex year estimate SE estimate SE estimate SE

Blueback | Male 1992 0.67 | 0.080 0.48 0.056 0.41 0.080
Blueback | Male 1993 2.04 | 0.349 1.93 0.323 * *

Blueback | Male 1994 1.01 | 0.109 0.82 0.087 1.30 0.281
Blueback | Male 1995 1.51 | 0.242 1.29 0.201 * *

Blueback | Male 1996 1.17 | 0.175 0.92 0.134 1.35 0.487
Blueback | Male 1997 0.79 | 0.081 0.58 0.059 0.78 0.200
Blueback | Male 1998 0.64 | 0.077 0.41 0.049 0.47 0.234
Blueback | Male 1999 2.11 | 0.351 2.01 0.327 * *

Blueback | Male 2000 0.93 | 0.103 0.64 0.069 0.72 0.341
Blueback | Male 2001 0.77 | 0.094 0.58 0.071 0.73 0.214
Blueback | Male 2002 0.73 | 0.078 0.60 0.063 0.53 0.066
Blueback | Male 2003 1.14 | 0.149 0.92 0.118 1.34 0.260
Blueback | Male 2004 1.59 | 0.255 1.47 0.232 1.81 0.287
Blueback | Male 2005 0.99 | 0.137 0.71 0.096 0.88 0.374
Blueback | Male 2006 0.83 | 0.086 0.61 0.062 1.19 0.455
Blueback | Male 2007 0.89 | 0.093 0.70 0.073 0.93 0.165
Blueback | Male 2008 0.67 | 0.067 0.51 0.051 0.72 0.114
Blueback | Male 2009 1.21 | 0.173 1.30 0.188 0.80 0.542
Blueback | Male 2010 0.62 | 0.101 0.57 0.093 0.51 0.119
Blueback | Male 2011 0.91 ] 0.174 0.8 0.153 0.9 0.12
Blueback | Male 2012 1.1 | 0.231 0.73 0.15 * *

Blueback | Male 2013 2.2 | 0.647 2.14 0.624 * *

Blueback | Male 2014 2.83 | 0.941 2.83 0.941 * *

Blueback | Male 2015 0.72 | 0.156 0.53 0.113 0.13 0.162
Blueback | Female 1992 0.60 | 0.091 0.76 0.116 0.47 0.169
Blueback | Female 1993 1.64 | 0.257 1.45 0.221 * *

Blueback | Female 1994 1.01 | 0.180 0.75 0.132 0.90 0.329
Blueback | Female 1995 1.29 | 0.210 1.12 0.180 1.34 0.263
Blueback | Female 1996 1.19 | 0.185 0.91 0.137 1.67 0.707
Blueback | Female 1997 0.69 | 0.100 0.51 0.073 0.77 0.126
Blueback | Female 1998 0.97 | 0.122 0.79 0.098 1.01 0.126
Blueback | Female 1999 1.61 | 0.256 1.59 0.252 1.49 0.057
Blueback | Female 2000 1.10 | 0.195 0.78 0.136 1.47 0.714
Blueback | Female 2001 0.89 | 0.158 0.75 0.132 0.47 0.128
Blueback | Female 2002 0.63 | 0.107 0.41 0.068 0.43 0.193
Blueback | Female 2003 0.79 | 0.113 0.58 0.082 0.66 0.171
Blueback | Female 2004 1.34 | 0.219 1.20 0.194 1.35 0.202
Blueback | Female 2005 1.22 | 0.214 0.90 0.154 * *

Blueback | Female 2006 0.76 | 0.136 0.50 0.088 0.24 0.094
Blueback | Female 2007 1.22 | 0.181 1.22 0.182 0.90 0.283
Blueback | Female 2008 0.80 | 0.134 0.59 0.098 0.91 0.274
Blueback | Female 2009 1.01 | 0.180 0.75 0.132 0.90 0.329
Blueback | Female 2010 1.33 | 0.280 1.31 0.276 1.13 0.121
Blueback | Female 2011 0.79 | 0.166 0.78 0.163 0.58 0.095
Blueback | Female 2012 1.3 | 0.338 1.22 0.316 1.24 0.083
Blueback | Female 2013 1.15 | 0.217 1.13 0.214 0.83 0.245
Blueback | Female 2014 1.53 | 0.385 1.56 0.395 1.35 0.147
Blueback | Female 2015 0.8 | 0.155 0.56 0.107 0.85 0.209
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Table 6.20

Continued.

Winnicut River Chapman-Robson Heinecke Catch Curve
species sex year estimate SE estimate SE estimate SE
Alewives | Male 1998 1.1 | 0.667 1.1 0.667 * *
Alewives | Male 1999 1.47 | 0.25 1.41 0.239 1.37 0.009
Alewives | Male 2000 0.89 | 0.247 0.85 0.233 0.76 0.183
Alewives | Male 2001 1.25 | 0.197 1.34 0.213 0.87 0.501
Alewives | Male 2002 0.7 | 0.102 0.58 0.083 0.74 0.242
Alewives | Male 2003 1.95 | 0.346 1.82 0.316 * *
Alewives | Male 2004 2.37 0.47 2.30 0.450 * *
Alewives | Male 2005 0.69 | 0.079 0.48 0.054 0.86 0.182
Alewives | Male 2006 0.62 | 0.124 0.42 0.084 0.36 0.092
Alewives | Male 2007 1.00 | 0.123 0.94 0.115 0.90 0.013
Alewives | Male 2008 1.16 | 0.134 1.00 0.113 1.12 0.246
Alewives | Male 2009 1.45 | 0.249 1.29 0.219 1.68 0.357
Alewives | Female 1999 0.89 | 0.247 0.69 0.189 0.63 0.167
Alewives | Female 2000 0.61 | 0.251 0.69 0.289 0.33 0.190
Alewives | Female 2001 0.69 | 0.147 0.57 0.121 0.45 0.110
Alewives | Female 2002 0.75 | 0.244 0.69 0.224 0.59 0.144
Alewives | Female 2003 0.92 | 0.359 0.85 0.330 0.69 <0.001
Alewives | Female 2004 1.28 | 0.366 1.54 0.454 0.85 0.892
Alewives | Female 2005 1.16 | 0.355 0.88 0.261 * *
Alewives | Female 2007 0.73 | 0.18 0.53 0.130 0.65 0.150
Alewives | Female 2008 0.86 | 0.186 0.83 0.179 0.67 0.158
Alewives | Female 2009 0.99 | 0.179 0.93 0.168 0.60 0.259
Blueback | Male 1998 1.12 | 0.149 1.05 0.139 1.03 0.164
Blueback | Male 1999 0.98 | 0.131 0.71 0.093 0.82 0.326
Blueback | Male 2000 1.06 | 0.134 1.02 0.128 1.19 0.238
Blueback | Male 2001 1.06 | 0.193 0.93 0.168 1.06 0.130
Blueback | Male 2002 1.22 | 0.196 1.22 0.195 1.14 0.024
Blueback | Male 2003 1.71 | 0.27 1.63 0.254 1.86 0.197
Blueback | Male 2004 1.16 | 0.211 0.82 0.144 * *
Blueback | Male 2005 1.27 | 0.251 1.17 0.230 1.15 0.059
Blueback | Male 2006 0.87 | 0.118 0.66 0.088 0.90 0.160
Blueback | Male 2007 0.69 | 0.141 0.51 0.103 0.69 0.299
Blueback | Male 2008 1.39 | 0.567 1.25 0.505 * *
Blueback | Male 2009 2.35 | 0.656 2.30 0.636 * *
Blueback | Female 1998 0.63 | 0.226 0.69 0.250 0.35 0.268
Blueback | Female 1999 *k ** *ok *k *ok **
Blueback | Female 2000 0.94 | 0.161 0.72 0.121 0.67 0.166
Blueback | Female 2001 1.30 | 0.464 1.10 0.385 * *
Blueback | Female 2002 0.85 | 0.242 0.77 0.220 0.42 0.245
Blueback | Female 2003 1.39 | 0.474 1.20 0.404 * *
Blueback | Female 2004 1.25 | 0.546 1.10 0.471 * *
Blueback | Female 2005 2.08 | 0.875 2.08 0.875 * *
Blueback | Female 2006 1.25 | 0.546 1.10 0.471 * *
Blueback | Female 2007 0.69 | 0.354 0.69 0.354 0.20 0.172
Blueback | Female 2008 il *x *ok il *ok **
Blueback | Female 2009 1.67 | 0.501 1.95 0.606 0.71 0.615
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Table 6.20 Continued.

Exeter River*** Chapman-Robson Heinecke Catch Curve
Species Year Z estimate SE Z estimate SE Z estimate SE
River Herring 1991 1.02 | 0.113 0.92 | 0.100 1.05 | 0.066
River Herring 1992 1.01 | 0.091 0.85 | 0.076 1.19 | 0.223
River Herring 1993 1.37 | 0.162 1.24 | 0.145 1.35| 0.152
River Herring 1994 No Sampling
River Herring 1995 1.72 | 0.180 1.70 | 0.178 1.58 | 0.076
River Herring 1996 1.39 | 0.375 1.16 | 0.307 * *
River Herring 1997 1.01 | 0.077 0.89 | 0.067 1.09 | 0.157
River Herring 1998 0.64 | 0.050 0.51 | 0.040 0.59 | 0.093
River Herring 1999 1.26 | 0.116 1.07 | 0.097 1.27 | 0.261
River Herring 2000 1.03 | 0.110 0.79 | 0.082 1.18 | 0.212
River Herring 2001 0.98 | 0.109 0.76 | 0.083 1.28 | 0.282
River Herring 2002 1.53 | 0.276 1.31 | 0.231 * *
River Herring 2003 0.91 | 0.129 0.83 | 0.118 0.78 | 0.020
River Herring 2004 1.19 | 0.176 0.94 | 0.136 1.37 | 0.477
River Herring 2005 1.27 | 0.224 1.21 | 0.212 1.08 | 0.057
River Herring 2006 0.69 | 0.183 0.51 | 0.133 0.09 | 0.181
River Herring 2007 0.99 | 0.195 0.77 | 0.149 1.05 | 0.321
River Herring 2008 0.89 | 0.083 0.69 | 0.062 1.13 | 0.159
River Herring 2009 0.90 | 0.053 0.65 | 0.037 1.13 | 0.290
River Herring 2010 1.00 | 0.185 0.76 | 0.137 0.87 | 0.300
River Herring 2011 1.53 | 0.308 1.32 | 0.259 | NA NA
River Herring 2012 1.2 | 0.19 1.1 |0.172 1.2 | 0.144
River Herring 2013 0.73 | 0.092 0.59 | 0.074 0.49 | 0.037
River Herring 2014 0.8 | 0.083 0.59 | 0.06 0.74 | 0.14
River Herring 2015 1.03 | 0.106 0.9 | 0.091 131 0.31

*- No Z estimate due to less than three ages to assess.

**- No Z estimates due to extremely low sample size, no species differentiation, or ages below
fully recruited age.
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Table 6.21 Spawner-per-recruit Z benchmarks for New Hampshire and 2009 estimates of Z by river

system
Benchmark
240% 220% 240% 220%
River Species Sex Z009 (M=0.3) (M=0.3) (M=0.7) (M=0.7)
Cocheco Alewife Male 0.86 0.46 0.60 0.92 1.11
Cocheco Alewife Female 0.65 0.46 0.60 0.92 1.11
Lamprey Alewife Male 1.09 0.46 0.60 0.92 1.11
Oyster Blueback Male 1.21 0.48 0.64 0.95 1.15
Oyster Blueback Female 1.01 0.48 0.64 0.95 1.15
Winnicut Alewife Male 1.45 0.46 0.60 0.92 1.11
Winnicut Alewife Female 0.99 0.46 0.60 0.92 1.11
Winnicut Blueback Female 1.67 0.48 0.64 0.95 1.15
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Migration routes
of River Herring
— Current
e Historic
Stocked

Anadromaus fish migration routes identified by the NH Fish and Game Department (December 2011).
NHD and political boundaries: NH GRANIT at Complex Systems Research Center, UNH. CSRC and the
cooperating agencies make no claims as to the validity, reliability or to any implied uses of these data.

Figure 6.1 Map of New Hampshire’s river herring migration routes (historic, current and stocked fish).
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Figure 6.2
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Figure 6.3 Exeter River watershed dams and fish passage, Great Bay Estuary, New Hampshire.
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Figure 6.4 Lamprey River watershed dams and fish passage, Great Bay Estuary, New Hampshire.
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Figure 6.5

Winnicut River watershed dams and fish passage, Great Bay Estuary, New Hampshire.
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Figure 6.6

Oyster River watershed dams and fish passage, Great Bay Estuary, New Hampshire.
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Figure 6.7
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Figure 6.8 Taylor River watershed dams and fish passage, Hampton-Seabrook Estuary, New
Hampshire.
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Landings (Pounds)
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Figure 6.9. Commercial landings (in pounds) of river herring in New Hampshire.

122



Von Bertalanffy Growth Curve Von Bertalanffy Growth Curve
Alewife-Male Blueback-Male
34-00- 32-00
32.00 4 30.00 -
30.00 A 28.00 -
28.00 4 26.00 -
26.00 4 24.00
24,00 - 2.00 |
3200 1 :
pad 20.00 4
£ fg-gg ] z 18.00 -
Z ] Linear  Nonlinear 2 16.00 4 Linear _ Nonlinear
= 14.00 4 G_(‘L‘-I'L‘} 0.599 = :':g |a Eslge) 0.590
12.00 4 b (v-intercept) 12159 l(.)lw ] b (y-intercept) 11.568
12-3‘; 1 K=-nfa)/t 0.512 0.52 800 J K =nfa) 't 0527 0.54
6.00 4 Ly=b/(1-3) 30.429 30.78) 6.00 - Ly=b/(1-a) 2800 28.67)
f‘w} fo -0.078 -027] ':'g ] to 0,051 025
e T T T -6 T T T
-5.00 0.00 5.00 10.00 15.00 20.00 -5.00 0.00 5.00 10.00 15.00
t t
Von Bertalanffy Growth Curve Von Bertalanffy Growth Curve
Alewife-Female Blueback-Female
34.00 32.00 -
32.00 4 30.00 4
30.00 4 28.00 4
28.00 A 26.00 -
26.00 - 24.00 1
24.00 - 22.00 4
22.00 z 20.00
E 20,00 z 18.00 -
£ ::g 1 - = 16.00 1 Linear _ Nonli
- 00 4 inear Nonli 14.00 4
a (slope 0.614
:1% ] Ia (slope) 0.613 12.00 4 b (y-intercept) 12.277
10.00 b (y-intercept) | 12511 lg-% 1 K =@t 0.487 037
| K =-Infa) /t .4 4 el - -
8.00 - ,U 0.4%0 — 6.00 4 Ly=b/(1-a) 31.830 3283
6.00 - Ly=b/(1-a) 32303 3251 4.00 4
4.00 200 to -0.018 -0.32)
00 } o 0063 027 .00
666 ; ; - - 500 000 500 10.00 15.00
-2.00 3.00 8.00 13.00 18.00
t
t

Figure 6.10 Von Bertalanffy growth curves for male and female river herring from New Hampshire rivers.



Mean totallength of male river herring returning to NH coastal rivers, 1994-
2015
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Figure 6.11 Mean total length (mm) of male and female river herring returning to the coastal

rivers of New Hampshire, 1994-2015.
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Percent of river herring returning at age to NH coastal rivers, 1990-2015
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Figure 6.12 Percent of river herring returning at age to New Hampshire coastal rivers, 1990-2015.
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Figure 6.13 Mean length at age for river herring returns to New Hampshire coastal rivers, 1992 -
2015.
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Figure 6.14 Mean length at age differences between 1992 and 2015 of river herring returning to New
Hampshire coastal rivers.
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Cocheco River - Male alewive annual Z estimates

Cocheco River - Male blueback annual Z estimates
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Figure 6.15 Estimates of total instantaneous mortality (Z) for river herring in coastal New Hampshire rivers, using Chapman-Robson,

Heinecke, and catch curve methods based on age, separated by species and sex, 1990-2015.
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Figure 6.15
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NH Alewife (M=0.3)
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NH Blueback Herring (M=0.3)
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Figure 6.17: Empirical estimates of Z for NH blueback herring by river for different values of M.

Dashed lines represent Zyouser and Zaouser benchmarks.
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7  Status of River Herring in Massachusetts
Contributors:

Benjamin |. Gahagan and Gary A. Nelson
Massachusetts Division of Marine Fisheries
Annisquam River Marine Fisheries Field Station
30 Emerson Avenue, Gloucester, Massachusetts 01923

Executive Summary

Data on abundance, size structure and age composition were used to assess the current status of
alewife (Alosa pseudoharengus) and blueback herring (Alosa aestivalis) in Massachusetts rivers. Count
data for three rivers (Parker River, Monument River and Mattapoisett River) indicated a precipitous
decline in alewife abundance after 2000. A strong decline was not observed in the Nemasket River, but
average passage count after 2004 (587,000 fish) was about half of the average passage count prior to
2004 (1.04 million fish). Abundance has increased slowly in each river since about 2006-2008. A decline
in the Monument River run size of blueback herring was not observed until after 2004 and total run size
remains low. Size data from the Monument River and Stony Brook showed that the average total
lengths of alewife and blueback herring have declined by about 20-25 mm over time. The current
maximum age of both species is 1-2 years less than the maximum age observed during 1985-1987. The
proportions of alewives that were repeat spawners in the Monument River declined in recent years by
64% or more compared to data from 1986-1987. In other rivers, proportions of repeated spawners as
high as 0.54 (Charles River) were observed, but most estimates were below 0.30 in recent years. Similar
reductions in proportions of repeat spawners were observed for blueback herring in the Monument
River.

7.1. INTRODUCTION

In Massachusetts, more than 100 coastal rivers and streams are home to the anadromous alewife (Alosa
pseudoharengus) and blueback (Alosa aestivalis) herring. Known colloquially as “river herring”, these
fishes are ecologically-important because they are forage for many marine and freshwater fish
predators such as striped bass (Morone saxatilis), cod (Gadus morhua), and yellow perch (Perca
flavescens) as well as birds (Loesch, 1987). In addition, they are a key link in the transfer of nutrients
between freshwater and marine systems (Mullen et al., 1986). River herring provide recreational and
cultural benefits to citizens who value them for food and bait.

In the early to mid-2000s, river herring abundance in several runs throughout Massachusetts declined to
historical low levels. The declines prompted the Massachusetts Division of Marine Fisheries (DMF) to
establish in 2005 a three-year moratorium on the sale and harvest of river herring throughout the state,
which has been extended to the present day. Since the harvest ban, river herring abundance has
increased in many runs throughout coastal Massachusetts, but remains depressed in others. This report
summarizes historical and current data on abundance, population characteristics, and mortality of river
herring for the determination of the status of the stocks.
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7.2. MANAGEMENT UNIT DEFINITION

River herring runs in Massachusetts are managed directly by DMF or by Town governments that have
local control management plans approved by DMF.

7.3. FISHERY REGULATIONS

Currently, the Commonwealth of Massachusetts is in the 12th year of a harvest moratorium for river
herring. Starting with the 2006 season, the moratorium was scheduled to expire on January 1, 2009, but
lack of recovery prompted an extension of the moratorium through 2011. The Massachusetts Marine
Fisheries Advisory Commission approved in November of 2008 the following regulations on the Harvest,
Possession and Sale of River Herring in the Commonwealth, 322-CMR Section 6:17:

Purpose. 322 CMR 6.00 is promulgated to establish consistent state management of river herring
fisheries.

Definitions.

(a) “River Herring” means those species of fish known as alewives (Alosa pseudoharengus) and
bluebacks (Alosa aestivalis).

(b) “Batch” means all fish in any separate container.

(c) “Container” means any box, tote, bag, bucket or other receptacle containing loose fish which
may be separated from the entire load or shipment.

(3) Taking and Possession of River Herring in Waters under the Jurisdiction of the Commonwealth. It
shall be unlawful for any person to harvest, possess or sell river herring in the Commonwealth or in
the waters under the jurisdiction of the Commonwealth.

Exceptions. The Director may authorize the harvest and possession of river herring from a particular
spawning run for personal use based on documentation that the spawning run from which herring
are harvested is not depleted.

Tolerance for bait fisheries. No person shall possess any batch of fish where more than 5% of the
total is comprised of river herring species by count.

(6) Expiration. These measures shall expire on January 1, 2012. (updated and current)
7.4. ASSESSMENT HISTORY

No assessments of river herring populations in Massachusetts were conducted prior to the present
effort that used 2004-2010 data. Three major efforts have been made by the Division of Marine
Fisheries (and predecessor agency) to survey the presence and status of river herring runs and in the last
century (Belding 1921; Reback et al. 1972; and Reback et al. 2004-5). These surveys provide valuable
information on the presence of runs, fish passage, and fisheries, but did not attempt to quantify
population abundance.
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7.5. GENERAL LIFE HISTORY

Both blueback herring and alewives are found in many coastal stream systems in Massachusetts. While
both species are capable of spawning in a variety of freshwater environments in Massachusetts,
bluebacks typically spawn in more riverine areas, while alewives tend to spawn in more lacustrine
(ponds and lakes) areas. Alewives begin to spawn in late March to mid-May when water temperatures
reach about 10.5°C, but they have been observed in Massachusetts streams as early as February and, in
one instance, January. Bluebacks begin to spawn later in the spring (late April through June) when
water temperatures reach about 13.9°C. Blueback eggs are semi-buoyant and tend to drift with the
current while alewife eggs will remain in contact with the substrate. After utilizing the freshwater
habitat for a nursery area juvenile herring begin their migration to the ocean in late June to early July
(Gahagan et al. 2010). Peak migration occurs in September on Cape Cod (Kosa and Mather, 2001; Yako
et al., 2002) and it continues through December. Once in the marine environment, river herring feed on
zooplankton such as microcrustaceans, fish eggs and fish larvae (Munroe, 2002). Maturity occurs
between 2 to 5 years of age and the fish return to their natal streams utilizing their olfactory sense to
guide them to home waters.

7.6. HABITAT DESCRIPTIONS

With over 100 river herring runs in Massachusetts there is a wide range of habitat types used by
anadromous alewife and blueback herring. Many habitats have been altered from natural states by
watershed development and dam construction. The typical alewife run has a corridor of migratory
habitat that transitions from intertidal to freshwater river and leads to a freshwater pond used for
spawning and nursery habitat. Other habitats used by alewife include man-made ponds, large reservoirs,
brackish tidal ponds, and main stem rivers. Blueback herring can use the same habitat types as alewife
but show a tendency to favor lotic environments. The Division of Marine Fisheries has an ongoing
investigation to assess the suitability of river herring spawning and nursery habitats (Chase 2010) that
will contribute additional information on water quality and habitat requirements.

7.7. RESTORATION PROGRAMS

Massachusetts’ statutes direct the Division of Marine Fisheries to work with Towns to sustain river
herring runs, manage fisheries and provide fish passage. The Division of Marine Fisheries has maintained
a fishway crew since 1934. This ongoing program has focused on sustaining and restoring passageways
for adult river herring migration and juvenile herring emigration. The present program continues this
tradition with additional efforts aimed at collaborative projects, spawning and nursery habitat
restoration and other diadromous fish species.

7.8. AGE

Age samples have been recorded in the Monument River since 1980. Outside of the Monument River
few efforts were made to age river herring in Massachusetts until the present assessment for 2004-
2015. All available river herring age data in Massachusetts are summarized in the following sections.
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7.9. FISHERY DESCRIPTIONS
7.9.1. Commercial Fishery

Historically, river herring were one of the most valuable anadromous fishes harvested commercially in
Massachusetts and sold as food or commercial bait (Belding, 1921). Prior to the 1950s, annual landings
were 5 million pound or less (Appendix Table 1; Figure 7.1). Landings increased dramatically during the
late 50s-early 60s (peak: 33 million pounds in 1958) as foreign fleets, using purse seines, exploited
herring on Georges Bank (Appendix Table 1; Figure 7.1). By the early-1980s, after the establishment of
the exclusive economic zone, river herring landings became a small fraction of the historical highs with
most harvest occurring in spawning runs. Regulation of harvest limits in 1989 (25 fish/day) by the
Commonwealth of Massachusetts restricted landings further and by 1994, there was little river herring
sold commercially at fish houses (Appendix Table 1; Figure 7.1). Since 2005, there has been a
moratorium on the possession and sale of river herring in Massachusetts.

The landings data reported by NMFS are underestimated because of poor or no record-keeping of
harvest by towns with herring runs. Since the 1980s, DMF has collected annual harvest data from the
towns of Middleboro, Bournedale, and Mattapoisett with herring runs on the Nemasket River,
Monument River and Mattapoisett River, respectively (Figure 7.2).

7.9.2. Bycatch in Commercial Fisheries

The issue of river herring bycatch has received much attention recently. Bycatch of river herring does
occur in commercial fisheries that are targeting other species. Quantification of this take is difficult to
estimate and efforts are being made to improve monitoring and reporting of this source of

mortality. The commercial mid-water trawl, pair trawls, bottom trawl and purse seine fisheries for
Atlantic herring are a point of focus. Cieri et al. (2008) reported that bycatch of river herring from the
Atlantic herring fishery ranged from 171,973 pounds to 1.68 million pounds during 2005-2007. Catch
caps were created for mid-water trawl and bottom trawl fishermen pursuing Atlantic herring and
Atlantic mackerel in 2014. Periodic reports of by-catch are also received from the long fin and short fin
squid, whiting, and northern shrimp fisheries as well as menhaden bait fisheries. Reports are often
anecdotal and not well documented. In addition small numbers of illegal harvest (poaching) are usually
reported to the MA Environmental Police each spring. These types of losses contribute to the total
mortality of alewife and blueback herring but the actual extent and amount is poorly known at this
time. In the Atlantic herring fishery, only 5% of the total landings are allowed to contain river herring as
bycatch. In response to these bycatch issues, in 2008, DMF initiated a comprehensive monitoring
program for river herring bycatch in the Atlantic herring fishery. In 2010 DMF, SMAST, and the mid-
water trawl fleet created a collaborative River Herring Bycatch Avoidance Program (RHBA), with a goal
of reducing at-sea bycatch by 50%. A subsequent RHBA was created with small-mesh bottom trawl
herring fishermen in late 2011. Recently, a comprehensive evaluation of the first four full years of the
mid-water trawl RHBA (2011-2014) found that the RHBA program coincided with a 58% reduction in
bycatch from the previous four year period (2007-2010), with the overall fishery bycatch rate being
reduced by 21% (Bethoney et al. In Press).

7.9.3. Recreational Fishery

Historically, river herring were commonly harvested for food in coastal towns in Massachusetts.
Recreational use in recent decades was mainly for bait in the striped bass fishery. The discontinued
Marine Recreational Fisheries Statistics Survey (MRFSS) estimated of the numbers of river herring
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harvested and released by anglers in Massachusetts are very imprecise and show little trend (Appendix
Table 2). Since spring of 2005, there has been no recreational (bait) fishery for alewife and/or blueback
herring allowed in the Commonwealth of Massachusetts.

7.9.4. Subsistence Fishery

The only subsistence river herring fishery currently conducted within Massachusetts is under a
Memorandum of Understanding (MOU) between the Commonwealth and the federally recognized
Mashpee Wampanoag Indian Tribe on Cape Cod. This understanding recognizes the Tribe’s aboriginal
fishing rights and allows harvesting of river herring by Tribal members which is regulated by the Tribe
pursuant to the Tribe’s regulatory authority. Reported harvests were provided to DMF for 2010-2013
and ranged from about 1,200 fish to 3,500 fish per year, with removals coming from several rivers. No
reporting has occurred since 2013.

7.9.5. Stocking Efforts

DMF conducts a trap and transport stocking program for alewife and blueback herring. The three major
objectives are to: 1) maintain and enhance existing populations, 2) restore historically important
populations and 3) create new populations where feasible. Stocking of gravid river herring where river
access has been provided or improved is generally conducted for three or more consecutive years per
system. Prior to the moratorium the program transported between 30,000 and 50,000 fish per year into
ten to fifteen different systems. A DMF stocking protocol was developed and implemented in 2013 that
provided criteria for stocking decisions and a focus to allow remnant populations present at restoration
sites to naturally re-colonize habitat prior to the introduction of donor stock genetics. The protocol has
reduced stocking activity with most recent efforts occurring with-in drainage, moving fish upstream past
multiple obstructions to the headwater spawning habitat.

7.10. FISHERIES-INDEPENDENT MONITORING

Data on alewife and blueback herring in Massachusetts come from mostly historical and/or current work
conducted by DMF, academic and federal scientists, and local citizen groups interested in protecting
river herring resources. Figure 7.3 shows the rivers and locations for which fisheries-independent data
are available. In this document, “passage” estimates are considered herring counts that, when added to
the harvest estimates, may not produce the total amount of herring in the river system because the
count location is situated above viable spawning habitat of river herring (e.g., Nemasket River).
“Escapement” estimates are considered herring counts that, when added to harvest estimates, produce
the total amount of river herring in the system because the harvest and count locations are situated
close to the river mouth (e.g., Monument River). In 2013, DMF began using otoliths rather than scales to
age river herring. All scales are now archived, with the exception of Monument alewife, which are still
processed to generate repeat spawning rate estimates. The following gives a brief description of data
available:

Acushnet River (New Bedford) - Since 2005, DMF has conducted a census of river herring entering the
spawning ground using a fish trap. Simultaneous estimation of passage by using an electronic
counter began in 2008, and video counting was attempted in 2008. DMF has also collected biological
samples from dead fish, but samples were non-random and sample sizes were too small to use in
this assessment. This location monitors the herring run response to fish passage restoration.
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Agawam River (Wareham) - The town of Wareham has been estimating combined passage using an
electronic counter since 2006. Biological data are available from only 1991.

Back River (Weymouth) - The town of Weymouth'’s herring warden provides a “relative” passage
estimate from his daily observations of run activity. No statistically-valid design is used. In 2007,
DMF characterized the alewife population under an NOAA Anadromous Fish Conservation Act grant.
DMF collected biological data on size structure, sex composition, age structure, length-weight
relationships and length-at-age relationships of spawning populations (see Monument River below).
DMF resumed collecting biological data and installed a SR-1601 Electronic Resistivity Counter in
2015.

Bound Brook (Scituate) - The North and South Rivers Watershed Association began passage counts using
visual estimation in 2010. No statistical design was used. There are no biological data available.

Charles River (Boston) - The University of Massachusetts with assistance of DMF conducted video counts
in 2008 and 2009. DMF conducted video counts in 2013 and 2014. Biological data are available from
1985, 1993, 2013, and 2014.

Connecticut River (Holyoke) - Fishlift counts have been made at the Holyoke Dam since 1967 for
blueback herring by the US Fish and Wildlife Service. The numbers are used by the State of
Connecticut in their river herring assessment; therefore, the information is not discussed herein to
avoid duplication of effort.

Coonamessett River (Falmouth) - Falmouth Department of Natural Resources has been estimating
passage using visual estimation since 2005. There are no biological data available.

Herring Brook, First (Scituate) - The North and South Rivers Watershed Association conducted passage
counts using visual estimation in 2005-2006. No statistical design was used. There are no biological
data available.

Herring Brook, Second (Norwell) - The North and South Rivers Watershed Association conducted passage
counts using visual estimation in 2005-2006. No statistical design was used. There are no biological
data available.

Herring Brook, Third (Norwell/Hanover) - The North and South Rivers Watershed Association conducted
passage counts using visual estimation in 2003, and 2005-2006. No statistical design was used.
There are no biological data available.

Herring River (Wellfleet) - The Association to Preserve Cape Cod has been estimating passage numbers
using visual counting since 2007. There are no biological data available.

Herring River (Harwich) - The Association to Preserve Cape Cod has been estimating passage numbers
using visual counting since 2007. DMF began collecting biological data and installed a SR-1601
Electronic Resistivity Counter in 2016.

Ipswich River (Ipswich) - The Ipswich Watershed Association has been estimating passage using visual
counting since 2000. They’'ve attempted to use the statistical design of Rideout et al. (1979) but
prior to 2005, effort was not sufficient to provide reliable estimates. In 2006-2008, DMF also made
census counts by using a fish trap. There are no biological data available.
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Jones River (Kingston) - The Jones River Watershed Association has been conducting passage counts
using visual estimation since 2005. There are no biological data available. No statistically-valid
design was used.

Little River (Gloucester) - Massachusetts Audubon made passage counts using visual estimation during
2000-2002, 2005, and 2009. There are no biological data available. No statistically-valid design was
used.

Marston-Mills River (Marston-Mills) - Starting in 2007, a local watershed group provides visual counts of
combined herring passage at Mill Pond dam in the Marston-Mills River. They use a stratified
random design. There are no historical or current data on population characteristics.

Mattapoisett River (Mattapoisett) - Since 1988, Alewives Anonymous has provided passage counts of
alewife using an electronic fish counter. Harvest data are also provided. In 1995, 2006 and 2007,
DMF collected biological data on size structure, sex composition, age structure, length-weight
relationships and length-at-age relationships of spawning populations (see Monument River below).

Merrimack River (Lawrence) - The number of herring lifted at the Essex and Pawtucket Dam fishlifts
since 1983 are provided by the US Fish and Wildlife Service. In 2014, DMF began collecting 100
herring a week from the Essex Dam fish lift to biologically characterize this population.

Monument River (Bournedale) - DMF has been scientifically monitoring the abundance, sex composition,
length structure, age composition and removals of alewife and blueback herring in the Monument
River since the early 1980s (Churchill, 1981; O’Hara, 1980; Brady, 1987a, b). Prior to 1985,
abundance was estimated by using visual counts following the statistical design of Rideout et al.
(1979). Since 1985, escapement has been estimated by using a Smith-Root electronic fish counter
that is calibrated daily. Fish entering the system are sampled weekly by using a dipnet. Ages are
determined from otoliths and scales are used to identify repeat spawners and are also aged using
the criteria of Rothschild (1963), Marcy (1969) and Kornegay (1977). Fish samples are used to
apportion abundance into species- and sex-specific estimates (Brady, 1987). In the past, DMF often
used herring from this river as donor stock to other river systems. All numbers transported are
added to harvest recorded by the Bournedale fish warden to get total number of removals. Scale
ages are only available for 1984-1987, 1993, and 1995-present. Since the counting location is not far
above the catchment basin where herring are removed, and both are close to the river mouth, the
total run size is estimated by adding escapement counts to removal numbers.

Mystic River (Boston) - DMF has collected biological data on size structure, sex composition, age
structure, length-weight relationships and length-at-age relationships of spawning populations since
2004 (see Monument River above). Beginning in 2012, the Mystic River Watershed Association
began a visual count estimate using the statistical method of Nelson (2006).

Nemasket River (Middleboro) - Since 1996, the town of Middleboro has provided visual counts of
alewife passage at the fishway off Wareham Street (river mile 7.5). The statistical design of Rideout
et al. (1979) is used. Since 2004, DMF has characterized the alewife and blueback populations under
an NOAA Anadromous Fish Conservation Act grant. DMF has collected biological data on size
structure, sex composition, age structure, length-weight relationships and length-at-age
relationships of spawning populations (see Monument River above).Parker River (Newbury) -
Students and researchers at the University of Massachusetts, Amherst conducted several studies
during the 1970s that provide information on juvenile and adult population characteristics,
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abundance and migration of alewives (Beltz, 1975; Cohen, 1976; Cole et al., 1976; Cole et al., 1978;
Huber, 1974; Jimenez, 1978; Libey, 1976; Mayo, 1974; Rideout et al., 1979). Since 1997, the Parker
River Clean Water Association has been estimating passage numbers at the first dam using visual
counting and the statistical design of Nelson (2006). In 2014, DMF installed a video system to better
estimate passage at the first dam. Due to high flood waters of 2005 and 2006, a weir failed, making
it difficult for alewives to pass. The weirs were repaired in the summer of 2013 and additional
modifications were made to the fishway in 2014. Passage counts between 2005 and 2014 may have
been biased. Since 2012, DMF has collected biological data on size structure, sex composition, age
structure, length-weight relationships and length-at-age relationships of spawning populations (see
Monument River above).

Pilgrim Lake (Orleans) - The Association to Preserve Cape Cod has provided abundance estimates of
alewife passage using visual counting and a stratified random design since 2008.

Quashnet River (Falmouth/Mashpee) - In 2004, DMF characterized the alewife population under an
NOAA Anadromous Fish Conservation Act grant. DMF collected biological data on size structure, sex
composition, age structure, length-weight relationships and length-at-age relationships of spawning
populations (see Monument River above). There are no estimates of passage numbers available.

Sippican River (Wareham) - Alewives Anonymous made electronic census counts of alewife passage in
1995-2002 and 2006. There are no biological data available.

South River (Marshfield) - The North and South Rivers Watershed Association conducted passage counts
using visual estimation in 2006, 2008 and 2010. No statistical design was used. There are no
biological data available.

Stony Brook (Brewster) - The Association to Preserve Cape Cod has provided estimates of alewife
passage numbers at the lower Mill Pond dam using visual counting and a stratified random design
since 2007. In 2004, DMF characterized the alewife population under an NOAA Anadromous Fish
Conservation Act grant. DMF collected biological data on size structure, sex composition, age
structure, length-weight relationships and length-at-age relationships of spawning populations (see
Monument River above). Mr. George A. Kurlycheck, a Middle School teacher in Harwich, collected
average size data on alewife (sexes combined) from 1978-2001.

Town Brook (Plymouth) - DMF has collected biological data on size structure, sex composition, age
structure, length-weight relationships and length-at-age relationships of spawning populations since
2004 (see Monument River above). The town of Plymouth, University of Massachusetts, and DMF
have made visual counts since 2008 and video counts were made in 2008 and 2009.

Town River (Bridgewater) - The town of Bridgewater has made combined electronic passage counts of
river herring (species combined) since 2000. There are no biological data available.

Trunk River (Falmouth) - Falmouth Department of Natural Resources has been estimating passage since
2008. No statistical design is used. There are no biological data available.

Wankinco River (Wareham) - The town of Wareham has made combined electronic passage counts since
2007. There are no biological data available.
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7.10.1. Trends in Run Size

The river estimates of passage counts and total run size used in this assessment came from the
Mattapoisett River, Monument River, Nemasket River, Parker River, and Town River (Appendix Table 3;
Figure 7.4). Some river estimates were deemed limited and not used for this assessment because 1) lack
of statistical design (e.g., Back River), 2) non-reflectance of natural abundance trends (e.g., Merrimack
River), or 3) shortness of time series (e.g., Marston-Mills River, Stony Brook, and Town Brook).

Matttapoisett River

Alewife - Passage estimates of alewife showed increasing trends in numbers from 22,000 fish in
1988 to 130,000 fish in 2000 (Appendix Table 3; Figure 7.4). Passage estimates dropped
precipitously through 2004 to 5,385 fish. Passage size has increased gradually to 55,429 fish in 2014
(Appendix Table 3; Figure 7.4).

Monument River

Alewife - A fluctuating, but increasing trend in total run size was evident from 1980 to 2000, peaking
at about 597,937 fish (Appendix Table 3; Figure 7.4). Thereafter, it dropped precipitously through
2002 to 182,031 fish, and then continued to decline through 2006 to the lowest level observed in
the time series (52,472 fish). Alewife abundance has increased gradually since 2007 to an average
of about 131,448 fish, with run counts exceeding 200,000 individuals in 2014 and 2015. (Appendix
Table 3; Figure 7.4).

Blueback - Total run size was highest during 1980-1991, averaging about 64,800 fish. Abundance
was lower on average (41,000 fish) during 1992-2002 and it began to decline in 2003 to 8,140 fish in
2007 (Appendix Table 3; Figure 7.4). Abundance increased to 18,532 and 30,356 fish in 2008 and
2009, respectively, but dropped to 9,358 fish in 2010 (Appendix Table 3; Figure 7.4). Since 2010,
abundance has fluctuated between 13,632 (2011) and 101,863 (2013) herring.

Nemasket River

Alewife - Passage numbers of alewife have fluctuated considerably since 1996 (Appendix Table 3;
Figure 7.4). Passage numbers averaged 720,000 fish prior to 2002, but following the peak (1.4
million fish), numbers declined through 2005 to 226,000 fish. Since 2007, numbers have increased to
565,000 fish on average (Appendix Table 3; Figure 7.4).

Parker River

Alewife - Passage counts of alewives and blueback herring fluctuated considerably during the 1970s,
peaking at 38,163 fish in 1973 and then declining to an average of 11,256 fish between 1976-1978.
Passage counts were as high as 7,894 fish in 2000, exceeding the 1977 estimate of 6,654 fish, but
declined to low levels by 2005 (Appendix Table 3; Figure 7.4). Since 2008, passage numbers have
increased. It is very likely that passage conditions obscure population trends at this site.

Town River

Alewife/Blueback - Passage numbers of alewife and blueback herring (combined) have fluctuated
considerably since 2000 (Appendix Table 3; Figure 7.4). Passage numbers were as high 310,000 fish
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in 2003. In most years, however, passage numbers averaged only 32,149 fish (Appendix Table 3;
Figure 7.4). During the period 2012-2014, passage and counts at Town River were affected by
extreme low flows, dam and fishway degradation, and counter failures, making counts for those
years inaccurate or non-reflective of abundance trends.

7.10.2. Trends in Size Structure

Raw length frequencies available for each river, species and sex are shown in Appendix Tables 4-5,
and summary statistics for the length distributions are shown in Appendix Tables 6-7. Males of each
species are smaller in length than females of the same species, and blueback herring are smaller in
length than alewives. Comparison of average sizes among rivers showed that alewives collected in
the Monument River, Mystic River, Quashnet River, Stony Brook, and Town Brook were about 10-30
mm smaller than alewives collected in the Back, Mattapoisett, Parker,and Nemasket rivers (Appendix
Tables 6 and 7). Mean total length of both species and sexes from the Monument River declined
from 1984 through the mid-1990s (Appendix Table 7; Figure 7.5). Female and male alewives and
blueback herring sampled during 2011-2015 were about 20-25 mm smaller, on average, than
alewives and blueback herring of the same sex sampled during 1984-1987 (Appendix Table 7). Mean
total length of alewife (sexes combined) in Stony Brook showed a similar decline over time (Figure
7.5).

7.10.3 Trends in Age

Any available age data regardless of the length of the time series were used in this assessment. Raw
data are presented in Appendix Tables 8 and 9. Mean age is presented in Appendix Table 10.

Agawam River

Alewife - Age samples (n=71 for females; n=86 for males) were available from 1991. The youngest
and oldest alewives observed on the run were ages 3 and 7, respectively, for females and ages 3 and
6, respectively, for males (Appendix Table 8; Figure 7.6). Mean ages for female and male alewife in
1991 were 4.6 and 4.3 years, respectively (Appendix Table 10).

Blueback - Age samples (n=6 for females; n=7 for males) were available from 1991. These sample
sizes were too small to provide accurate observation mean sizes, gender differences and the
youngest and oldest ages of blueback herring in the run. (Appendix Table 10).

Back River

Alewife - Age samples (n=210 for females; n=228 for males) were available from 2007 for alewife
only. The youngest and oldest alewives observed in the run were ages 3 and 8, respectively, for
females and ages 3 and 7, respectively, for males (Appendix Table 8; Figure 7.6). Mean ages for
female and male alewife in 2007 were 4.2 and 4.0 years, respectively (Appendix Table 10).

Charles River

Alewife - Age samples were available from 2013-2014 for alewife. The youngest and oldest alewives
observed in the run were ages 3 and 6, respectively, for both females and males (Appendix Table §;
Figure 7.6). Mean ages for female and male alewife in 2007 were 4.2 and 4.0 years, respectively
(Appendix Table 10).
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Blueback - Age samples were available from 1985-1993 and 2012-2014. The youngest and oldest
alewives observed in the run were ages 2 and 10, respectively, for females and ages 2 and 7,
respectively, for males (Appendix Table 8). Mean ages for female and male alewife were 5.2 and 4.4
years in 1985, respectively, and 4.8 and 4.0 in 1993 (Appendix Table 10).

Mattapoisett River

Alewife - Age samples were available from 1995 and 2006. The youngest and oldest alewives
observed in the run were ages 3 and 7, respectively, for females and 3 and 6, respectively, for males
(Appendix Table 8; Figure 7.6). Mean ages for female and male alewife were 4.8 and 4.4,
respectively, in 1995 and 3.9 and 3.7 years, respectively, in 2006 (Appendix Table 10) indicating a
possible decline between the two years.

Monument River

Alewife - The earliest time series (1985-1987) of age composition data come from Brady (1987a).
The youngest and oldest individuals observed in the run during 1985-1987 were age 3 and 8 for
females, and age 3 and 7 for males, respectively (Appendix Table 9). Ages 4-5 were the most
abundant age-classes in the spawning run. From 1993-2015, the youngest and oldest individuals
observed on the run were age 2 and 8 for both sexes, respectively, although ages older than 6 were
observed infrequently (Appendix Table 9). Ages 4 and 5 were the most abundant age-classes.
Comparison of the age compositions between 1984-1987 and later years indicated that the
maximum age of male and female alewife has decreased by one to two years. Comparison of mean
ages during 1985-1987 to mean ages during 1993-2015 indicated a decline in mean age over time
(Appendix Table 10; Figure 7.7).

Blueback - The earliest time series (1985-1987) of age composition data come from Brady (1987b).
The youngest and oldest individuals of both sexes observed in the run during 1985-1987 were age 3
and 7, respectively (Appendix Table 9). Ages 4-5 were the most abundant age-classes in the
spawning run. From 1993-2015, the youngest and oldest individuals observed on the run were age
3 and 6, respectively, for both sexes, except in 1997 and 2008 (Appendix Table 9). Ages 4 and 5
were the most abundant age-classes. Comparison of the age compositions over time indicated that
the maximum age of male and female alewife has decreased by one to two years. Comparison of
mean ages during 1985-1987 to mean ages during 1993-2015 indicated a decline in mean age over
time (Appendix Table 10; Figure 7.7).

Mlystic River

Alewife - Age compositions of both sexes of alewife from 2004-2015 were composed of ages 2-9
with peak numbers occurring mostly at ages 4 and 5 (Appendix Table 8). Mean age ranged from 3.9
to 4.7 years for females and from 3.5 to 4.3 years for males (Appendix Table 10).

Blueback - Age samples for blueback herring were available from 2005-2015. The youngest and
oldest individuals of both sexes observed in the run were age 2 and 8, respectively (Appendix Table
8). Ages 4 and 5 were the most abundant age-classes. Mean age ranged from 3.2 to 4.5 years for
females and from 3.2 to 3.8 years for males (Appendix Table 10).
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Nemasket River

Alewife - The youngest and oldest individuals observed in the run during 2004-2015 were age 3 and
8, respectively for females and age 2 and 8, respectively for males (Appendix Table 8). Ages 4-5 were
the most abundant age-classes. Mean age ranged from 3.4 to 5.3 years for females, and from 4.9 to
3.3 years for males (Appendix Table 10).

Parker River

Alewife - The earliest time series (1971-1978) of age composition data come from studies of alewife
by Cole et al. (1976), Cole et al. (1978), and Mayo (1974). In this period, the youngest and oldest
alewives of both sexes observed in the run were age 3 and 9, respectively. Ages 4-6 were the most
abundant age-classes in the spawning run, although ages 7-8 were common. Average age from
1971-1978 ranged from 4.3 to 6.0 years for females, and from 4.0 to 5.7 for males (Appendix Table
10). The time series begun in 2011 suggests that the age structure of alewife in the Parker River has
become more truncated. The youngest and oldest female alewife observed between 2011-2015
were age 3 and 7, respectively. The youngest and oldest males were age 2 and 8, respectively. For
both sexes ages 3-5 were the most abundant age-classes with few older fish (Appendix Table 8).
Average age from 2011-2014 ranged from 3.6 to 4.5 for females and 3.4 to 4.3 for males (Appendix
Table 10).

Blueback - Age samples for blueback herring were available from 2011-2015. The youngest and
oldest females observed between 2011-2015 were age 3 and 7, respectively. The youngest and
oldest males were age 2 and 6, respectively. For both sexes ages 3-5 were the most abundant age-
classes with occasional older fish (Appendix Table 8). Average age from 2011-2014 ranged from 3.2
to 4.1 for females and 3.2 to 3.9 for males (Appendix Table 10).

Quashnet River

Alewife - During 2004, the youngest and oldest individuals observed in the run were age 3 and 5 for
both sexes, respectively (Appendix Table 8). Age 4 was the most abundant age-class. Mean ages for
female and male alewife in 2004 were 4.3 and 3.9 years, respectively (Appendix Table 10).

Blueback - No description of the age composition is made because only 8 individuals were aged
(Appendix Table 8).

Stony Brook

Alewife - During 2004, the youngest and oldest individuals observed in the run were age 3 and 7 for
females, and age 3 and 6 for males, respectively (Appendix Table 8). Ages 4-5 were the most
abundant age-classes. Mean ages for female and male alewife in 2004 were 4.5 and 4.1, respectively
(Appendix Table 10).

Town Brook

Alewife - The youngest and oldest individuals observed in the run during 2004-2015 were age 3 and
8 for females and age 2 and 7 for males, respectively (Appendix Table 9). Age 4 was the most
abundant age-class for both sexes. Mean age ranged from 3.7 to 4.9 years for females and from 3.4
to 4.6 years for males (Appendix Table 10).
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Blueback - No description of the age composition is made because only 10 were aged.

7.10.4. Trends in Mean Length-At-Age

Mean length-at-age data for alewife and blueback herring from the Monument River were plotted by
sex and year to determine if changes in growth have occurred over time (Figure 7.8). Unfortunately,
data from 1984-1987 were not available for historical comparison. Mean length-at-age of alewife for
ages 3-5 of both sexes has gone through several declines and increases over the 23 year time series.
Mean lengths plateaued during 2012-2014 and decreased in 2015 (Figure 7.8). Mean length-at-age
for blueback herring has varied without trend (Figure 7.8).

7.10.5. Trends in Proportions and Repeat Spawners

The frequencies of new and repeat spawners determined by reading spawning checks on scales are
listed in Appendix Table 11 and 12 by species, river, sex and year. The proportions that repeat
spawners comprised the total samples are given in Table 7.1. After 2013, repeat spawning frequency
was determined for Monument River alewife only.

Agawam River

Alewife - The proportion of repeat spawners for female and male alewife in 1991 was 0.11 and 0.10,
respectively (Table 7.1).

Blueback - The proportions of repeat spawners for female and male blueback herring were not
calculated due to small sample size (Table 7.1).

Back River
Alewife - The proportion of repeat spawners for both sexes was 0.11 in 2007 (Table 7.1).

Charles River
Blueback - The proportions of repeat spawners for female blueback herring were 0.54 in 1985,0.44
in 1993, 0.36in 2012, and 0.14 in 2013. For males, the proportions were 0.49 in 1985, 0.25 in 1993,
0.14in 2012, and 0.13 in 2013(Table 7.1). Data for both sexes indicate a possible decline in the
fraction of repeat spawners.

Mattapoisett River

Alewife - The proportions of repeat spawners for female alewife were 0.33 in 1995 and 0.04 in 2007.
For males, the proportions were 0.19 in 1995 and 0.03 in 2007 (Table 7.1). Data for both sexes
indicate a possible decline in the fraction of repeat spawners.

Monument River
Alewife - The earliest time series (1986-1987) of repeat spawner data come from Brady (1987a).

During 1986-1987, the estimated proportions of repeat spawners for females ranged from 0.44 to
0.45, and those for males ranged from 0.39 to 0.41 (Table 7.1). From 1993-2015, proportions of
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repeat spawners ranged from 0.01-0.41, but most were <0.29. Since 2003, the proportions of
repeat spawners have been <0.19.

Blueback - The earliest time series (1986-1987) of repeat spawner data come from Brady (1987b).
During 1986-1987, the estimated proportions of repeat spawners for females ranged from 0.38 to
0.39, and those for males ranged from 0.20 to 0.22 (Table 7.1). From 1993-2013, proportions of
repeat spawners ranged from 0.00-0.27, but most were <0.20. Since 2003, the proportions of
repeat spawners have been <0.14.

Mystic River
Alewife - The estimated proportions of repeat spawners for female and male alewife varied without
trend (range: 0.0 in 2006 to 0.46 in 2012 for females; 0.0 in 2006 to 0.34 in 2012 for males) (Table
7.1).
Blueback - The estimated proportions of repeat spawners for female and male blueback herring
varied without trend (range: 0.03 in 2005 to 0.52 in 2012 for females; 0.06 in 2005 to 0.49 in 2012
for males) (Table 7.1).

Nemasket River
Alewife - The estimated proportions of repeat spawners for females and males were high in 2004
(0.43 for females; 0.44 for males) but declined thereafter to <0.30 for females and <0.29 for males
(Table 7.1).

Quashnet River

Alewife - The estimated proportions of repeat spawners for both sexes were <0.07 in 2004 (Table
7.1).

Blueback — No estimates of proportions of repeat spawners were produced because of low sample
sizes (Table 7.1).

Stony Brook

Alewife - The estimated proportions of repeat spawners for both sexes were <0.21 in 2004 (Table
7.1).

Town Brook

Alewife - The estimated proportions of repeat spawners for female and male alewife were low
(<0.17) prior to 2007, but increased above 0.17 thereafter (Table 7.1).

Blueback - No estimates of proportions of repeat spawners were produced because of low sample
sizes (Table 7.1).
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7.10.6. Trends in Total Instantaneous Mortality Rates

The Chapman-Robson survival estimator (Chapman and Robson, 1960; Murphy, 1997) was applied to
the annual age frequency data to generate estimates of survival rate (S) for each species, sex and year.
Total instantaneous mortality rate (Z) was estimated by the natural-log transformation of S. For age
data, 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.

Estimates of Z from the age data by species and sex are given in Appendix Table 13 and are plotted in
Figures 7.9 and 7.10. Although Z estimates were made for alewife and blueback herring from several
rivers, long time series of Z estimates from which change could be detected were available only from the
Monument River. Estimates for each river are summarized below:

Agawam River

Alewife — The Z estimates for females and males in 1991 were 0.96 and 1.18, respectively.
(Appendix Table 13; Figure 7.9).

Blueback — The Z estimate for females in 1991 0.81. The Z estimate for males in 1991 was not valid
(Appendix Table 13; Figure 7.10).

Back River

Alewife - The Z estimates for females and males in 2007 were 1.24 and 1.64, respectively.
(Appendix Table 13; Figure 7.9).

Charles River

Blueback - The Z estimates for females and males in 1985 were 0.67 and 0.96, respectively.
(Appendix Table 13; Figure 7.10). In 1993, the Z estimates were 1.19 for females and 1.05 for males
(Appendix Table 13; Figure 7.10). From 2012-2014, Z estimates for females ranged from 0.81 (2012)
to 1.31 (2014), while those for males ranged from 0.84 (2013) to 1.41 (2014) (Appendix Table 13;
Figure 7.10).

Mattapoisett River

Alewife - Z estimates for females and males in 1995 were 0.72 and 0.94, . During 2006-2007, a Z
estimate was only available for females in 2007 and was 1.1 (Appendix Table 13; Figure 7.10).

Monument River

Alewife - For 1985-1987, Z estimates from age frequency data ranged from 0.76 (1987) to 1.04
(1985) for females and from 0.84 (1987) to 1.03 (1986) for males (Appendix Table 13; Figure 7.9).
For 1993-2015, Z estimates from age frequency data ranged from 0.87 (1993) to 2.4 (2014) for
females and from 1.02 (1993) to 1.99 (2011) for males. Age structure was too truncated for females
in 2015 and for males in 2014 and 2015 to provide valid estimates (Appendix Table 13). Comparison
of Z estimates showed an increase in total mortality over the time series for both sexes (Figure 7.9).
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Blueback - For 1985-1987, Z estimates from age frequency data ranged from 0.98 (1985) to 1.49
(1986) for females and from 1.06 (1987) to 1.27 (1985) for males (Appendix Table 13; Figure 7.10)
For 1993-2015, Z estimates from age frequency data ranged from 0.75 (1993) to 1.93 (2015) for
females and from 0.76 (2001) to 2.12 (2015) for males (Appendix Table 13; Figure 7.10). Comparison
of Z estimates from age and repeat spawner data showed no trend in total mortality over the time
series for both sexes, although the most recent two years have been among the highest values
(Figure 7.10).

Mystic River

Alewife - Z estimates for females during 2004-2015 ranged from 0.93 (2015) to 1.58 (2004)
(Appendix Table 13; Figure 7.9). For males, Z estimates during 2004-2015 ranged from 0.88 (2005)
to 2.23 (2007)( Appendix Table 13; Figure 7.9).

Blueback - Z estimates for females during 2004-2015 ranged from 0.86 (2008) to 2.25 (2011)
(Appendix Table 13; Figure 7.10). For males, Z estimates during 2004-2015 ranged from 0.83 (2012)
to 1.99 (2015)( Appendix Table 13; Figure 7.10).

Nemasket River

Alewife - Z estimates for females during 2004-2015 ranged from 0.95 (2010) to 2.31 (2014)
(Appendix Table 14; Figure 7.9). For males, Z estimates during 2004-2015 ranged from 0.93 (2009)
to 2.13 (2015) (Appendix Table 13; Figure 7.9).

Stony Brook

Alewife - Z estimates for Stony Brook alewife were only available in 2004. The Z estimates were 1.96
for females (Appendix Table 13; Figure 7.9) and 1.3 for males (Appendix Table 13; Figure 7.9).

Town Brook

Alewife - Z estimates for females during 2004-2010 ranged from 0.84 (2010) to 2.16 (2015)
(Appendix Table 13; Figure 7.9). For males, Z estimates during 2004-2015 ranged from 0.87 (2009)
to 1.93 (2015)(Appendix Table 13; Figure 7.9).

7.10.7. Trends in Age-1 Indices of Relative Abundance

Relative indices of age-1 abundance for alewife and blueback herring from the DMF trawl survey are
shown in Figure 7.11 for areas north and south of Cape Cod. Indices of relative abundance of alewife
fluctuated without trends during 1978-2015 and were generally lower south of Cape Cod.

7.11. CONCLUSIONS AND RECOMMENDATIONS
The following is a short list of many potential causes of the changes in abundance, population
characteristics and dynamics of alewife and blueback herring in Massachusetts acting singly or

synergistically:

Environmental Changes - Changes in weather as a result of climate change can impact many aspects of
the alewife and blueback life stages. Changes in rainfall patterns could affect the food production in
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the nursery areas and cause higher mortality of juveniles as competition for limited zooplankton
resources is believed a major factor affecting survival and growth of juveniles (Walton 1983). Such
changes can cause shifts in the carrying capacity of a nursery ground and ultimately affect
recruitment. Another potential impact of changes in rainfall is on the migration patterns of juvenile
herring. It is believed that drops in temperature and rainfall events cue juveniles to move out of
Massachusetts river systems in fall (Kosa and Mather, 2001; Yako et al., 2002). Decreases in rainfall
during their peak migration in fall may inhibit migration and increase potential mortality.

Predation - It is possible that the increase in total mortality observed after 1999 and decrease in size of
herring over time are the result of selective predation by increasing populations of striped bass
(Morone saxatilis), cormorants (Phalacrocorax auritus), spiny dogfish (Squalus acanthias), seals
(Phoca vitulina) and other species of fish and wildlife that have apparently prospered as river herring
have declined.

Bycatch in Fisheries - It is possible that bycatch in several fisheries for small pelagic fish off the
Massachusetts coast may be contributing to increases in total mortality in some herring runs. More
information is needed on the impact of ocean bycatch. Since 2010, DMF has sampled portside
landings of small mesh fisheries in New England to better understand the potential impacts of
bycatch (Bethoney et al. 2013, Bethoney et al. 2014). Assessments of stock unit catch composition
and amounts indicate that bycatch is likely not uniform across the species’ range, but focused on
certain geographic areas (Hasselman et al. 2016).

Legal Bait Harvesting and Poaching - Although not well quantified, anecdotally, there was a tremendous
increase in unreported harvest of river herring both legally and illegally from the spawning runs
primarily for use as bait in the recreational striped bass fishery. This occurred 6-7 years prior to the
moratorium in concurrence with the rebuilding of the striped bass stocks. Prior to that surge in use
of river herring for striped bass bait, there was similar unreported harvest of river herring for lobster
bait that may not have been widespread as the striped bass bait harvest but at times caused large
removals from individual runs.

Watershed Alterations - Many watersheds in Massachusetts continue to be degraded by stormwater
impacts, eutrophication, and water withdrawals and other hydrologic disruption related to coastal
development. Such conditions may affect the passage and spawning of adults and survival of young.
Since 2008, DMF has been assessing the status and impairment of individual river herring spawning
and nursery habitats with standard sampling protocols (Chase 2010).
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Alewife

Female
River 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 2015
Agawam 0.1
Back 0.1
Mattapoisett 0.33 0.04
Monument [0.45 0.44 020008018029 0.41 0.11 0.08 0.14 0.29 0.12 0.01 0.068 0.16 0.08 015 0.13 0.13 0.16 0.12 0.12 0.13 0.06
Mystic 036008000013025029 015 0.35 046 0.22
Nemasket 043029010013 022030 023 0.26 0.19 017
CQuashnet 0.07
Stony 0.21
Town 0.14 0.16 0.08 0.17 0.29 0.31 0.21 0.23 0.37 0.29

Male
River 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Agawarm 0.10
Back 0.1
Mattapoisett 0.19 003
Monument [0.39 0.41 0230050240220290120.10 0.18 0.31 0.19 0.07 0.04 0.05 0.06 013 0.10 0.07 0.09 0.06 0.04 0.11 0.05
Mystic 032030000007 016021 0.14 022 0.34 0.16
Nemasket 0.44 029 010 012020 017 0.16 0.26 0.15 0.21
Quashnet 0.05
Stony 0.12
Town 0.17 0.12 0.04 0.23 0.32 0.32 0.17 0.25 0.27 0.31

Blueback

Female
River 1985 1986 1967 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Agawam *
Charles 0.54 0.44 0.36 0.14
Monument 0.38 0.39 0.18 0.11 0.06 0.17 0.00 0.20 0.00 0.00 0.08 0.03 0.08 0.050.14 0.01 0.06 0.05 0.01 0.06 0.12 0.06
Mystic 003016015036 012 015021 052 0.18
CQuashnet *
Town -

Male

River 1985 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Agawam *
Charles 0.49 0.25 0.14 0.13
Monument 0.22 0,20 0.13 0.06 0.17 0.00 0.27 0.10 0.00 002 0.14 0.03 0.02 0,08 0.14 0.06 0.06 0.04 001 007 0.15 0.04
Mystic 006 021018 0.27 0.13 013 0.20 0.49 0.10
Quashnet *
Town *

Table 7.1. Proportion of repeat spawners in alewife and blueback herring samples by sex, river and year. *=not calculated due to small sample

size.
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Figure 7. 1. Massachusetts commercial landings of river herring, 1887-2010.
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Figure 7.2. Number of fish removed (for bait, stocking, or scientific samples) from three Massachusetts
rivers, 1980-2010.
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Appendix Table 7.1. Commercial landings (pounds) of river herring in Massachusetts by gear type, 1887-2007. Source: National Marine Fisheries Service and
ASMFC (1985).

Commercial Landings
Dip Purse Float Fyke Lift Pound
Year Net Seine Trap Net Gillnet | Beach Seine | Net | Trawls Net Unknown Gear Total

1887 4,130,000 4,130,000
1888 6,292,000 6,292,000
1889 3,911,000 3,911,000
1890 - -
1891 - -
1892 3,651,000 3,651,000
1893 - -
1894 - -
1895 - -
1896 5,356,000 5,356,000
1897 4,779,000 4,779,000
1898 2,900,000 2,900,000
1899 - -
1900 - -
1901 - -
1902 4,517,000 4,517,000
1903 - -
1904 - -
1905 4,861,000 4,861,000
1906 - -
1907 - -
1908 4,062,000 4,062,000
1909 - -
1910 - -
1911 - -
1912 - -
1913 - -
1914 - -
1915 - -
1916 - -
1917 - -
1918 - -
1919 3,064,000 3,064,000
1920 - -
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Appendix Table 7.1 cont.

Commercial Landings

Dip Purse Float Fyke Beach Lift Pound
Year Net Seine Trap Net Gillnet Seine Net | Trawls Net Unknown Gear Total
1921 - -
1922 - -
1923 - -
1924 2,593,000 2,593,000
1925 - -
1926 - -
1927 - -
1928 2,248,000 2,248,000
1929 1,386,000 1,386,000
1930 1,790,000 1,790,000
1931 2,212,000 2,212,000
1932 1,164,000 1,164,000
1933 923,000 923,000
1934 - -
1935 959,000 959,000
1936 - -
1937 1,086,000 1,086,000
1938 958,000 958,000
1939 946,000 946,000
1940 879,000 879,000
1941 - -
1942 984,000 984,000
1943 - -
1944 2,266,000 2,266,000
1945 988,000 988,000
1946 1,249,000 1,249,000
1947 633,000 633,000
1948 468,000 468,000
1949 502,000 502,000
1950 0 25,100 300 0 0 244,500 0 0 0 0 269,900
1951 0 42,300 3,700 0 0 230,000 0 0 0 0 276,000
1952 0 87,000 12,700 0 0 1,804,000 0 500 0 500 1,904,700
1953 0 4,538,200 240,100 0 0 751,600 0 4,800 0 0 5,534,700
1954 0 2,843,000 54,000 0 0 119,500 0 3,700 0 0 3,020,200
1955 0 1,869,800 75,600 0 400 675,300 0 0 0 0 2,621,100
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Appendix Table 7.1 cont.

Commercial Landings

Purse Float Fyke Beach Pound Unknown
Year | Dip Net Seine Trap Net Gillnet Seine Lift Net Trawls Net Gear Total
1956 0 8,752,500 77,000 0 0 92,000 0 0 0 0 8,921,500
1957 14,800 | 16,439,200 | 54,000 0 0 140,000 0 2,379,100 0 0 19,027,100
1958 16,200 | 32,482,400 | 106,800 0 0 1,167,000 0 42,300 0 0 33,814,700
1959 30,000 | 9,729,400 27,500 0 0 1,711,200 0 105,700 14,200 0 11,618,000
1960 0 16,151,300 | 26,900 0 0 1,387,900 0 0 85,000 0 17,651,100
1961 0 19,107,600 0 0 0 1,230,600 | 500,000 0 0 0 20,838,200
1962 0 6,123,200 0 0 0 2,150,000 0 2,500 0 0 8,275,700
1963 | 40,000 | 10,882,200 0 0 0 798,300 0 13,000 1,600 0 11,735,100
1964 | 339,900 | 3,998,600 0 0 0 1,190,300 0 0 0 0 5,528,800
1965 | 66,200 | 6,332,200 0 0 0 532,900 0 0 4,000 0 6,935,300
1966 | 90,100 | 6,106,400 0 0 0 436,700 0 0 0 0 6,633,200
1967 95,000 | 5,105,800 3,100 0 0 228,000 0 0 0 0 5,431,900
1968 14,200 0 0 0 0 102,500 0 0 0 0 116,700
1969 0 0 0 0 0 100,000 0 0 0 0 100,000
1970 0 813,600 0 0 0 100,000 0 242,700 0 0 1,156,300
1971 0 44,600 500 0 0 143,200 0 34,000 0 0 222,300
1972 38,800 | 1,171,700 700 0 0 128,500 0 567,700 0 0 1,907,400
1973 | 32,500 518,200 7,400 0 0 106,000 0 31,300 0 0 695,400
1974 | 175,300 0 2,500 0 0 0 0 50,700 0 0 228,500
1975 | 37,800 | 1,631,900 17,200 0 0 30,000 0 0 0 0 1,716,900
1976 6,400 0 0 0 0 38,500 0 0 0 0 44,900
1977 0 18,000 1,500 0 0 50,000 0 62300 0 0 131,800
1978 0 619,700 0 0 0 81,000 0 600 0 0 701,300
1979 0 0 0 0 0 52,000 0 300 0 0 52,300
1980 | 45,000 0 0 0 0 99,000 0 0 0 0 144,000
1981 36,300 0 0 0 0 47,700 0 0 0 0 84,000
1982 28,000 0 0 0 0 25,500 0 0 0 0 53,500
1983 13,000 0 0 0 0 80,000 0 100 0 0 93,100
1984 | 37,700 110,800 0 500 0 45,000 0 100 0 0 194,100
1985 | 35,200 0 0 400 0 11,000 0 0 0 0 46,600
1986 | 23,900 0 0 0 0 8,500 0 0 0 0 32,400
1987 24,000 0 0 0 0 8,500 0 0 0 0 32,500
1988 | 35,580 0 0 0 0 7,000 0 0 0 0 42,580
1989 14,200 237,500 0 0 0 4,000 0 0 0 0 255,700
1990 18,200 0 0 0 0 2,500 0 0 0 0 20,700
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Appendix Table 7.1 cont.

Commercial Landings

Year

Dip
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Fyke
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9]
=

Trawls
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Unknown Gear
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Appendix Table 7.2. Marine Recreational Fisheries Statistics Survey estimates of numbers and associated statistics of river herring (alewife and blueback)

harvested and released in Massachusetts by the recreational anglers.

MRFSS Estimates of Harvest and Releases Numbers of Fish in Massachusetts

Alewife Blueback
Total Total
Year Catch SE Releases SE Harvest SE Year Catch SE Releases SE Harvest SE
1982 1982
1983 81 81 81 81 0 0 1983
1984 1984
1985 1985
1986 | 32,506 20424 0 0 32,506 20424 1986 804 804 0 0 804 804
1987 1987 83,281 66,261 20,163 20,163 63,118 63,118
1988 1988
1989 1989 639 295 0 0 639 295
1990 1990 5,632 3,274 5,632 3,274 0 0
1991 1991 562 413 0 0 562 413
1992 9,411 9411 0 0 9,411 9411 1992
1993 1993 5,707 2,219 1,182 1,182 4,525 1,878
1994 1994 1,246 747 0 0 1,246 747
1995 1995 352 350 0 0 352 350
1996 1996 5,504 3,904 0 0 5,504 3,904
1997 1997 9,496 6,440 0 0 9,496 6,440
1998 1998 739 739 739 739 0 0
1999 1999
2000 2000
2001 2,124 1651 0 0 2,124 1651 2001
2002 2002
2003 2003 75,752 41,962 19,392 13,837 56,360 39,614
2004 | 237,564 85369 0 0 237,564 85369 2004
2005 2005 11,657 11,657 0 0 11,657 11,657
2006 2006
2007 2007 1,191 1,191 1,191 1,191 0 0
2008 2008 18,543 15,360 18,543 15,360 0 0
2009 2009
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Appendix Table 7.3. Passage, total and removal numbers of river herring from select Massachusetts rivers.

Mattaposett River Monument River Nemasket River
Alewife Blueback Alewife  Combined Alewife
Removal

Year |Passage s Year |TotalCount TotalCount Removak Year Passage Removak
1972 1972 1972
1973 1973 1973
1974 1974 1974
1975 1975 1975
1976 1976 1976
1977 1977 1977
1978 1978 1978
1979 1979 1979
1920 1980 20,357 70,736 62,280 1980
1981 1981 440,483 85,796 33,480 1981
1982 1982 1982
1983 1983 1983
1984 1984 104,645 130,709 a7.000 1984
1985 1985 53,715 124,316 47 000 1985
1986 1986 75,734 110,803 31,320 1986
1987 1987 52686 122935 49,350 1987
1988 22,000 0 1988 35,280 1988
1989 40,000 | 3,000 1989 17.520 1989
1980 47,000 | 3,960 1990 62,397 269,502 53,950 1990
1991 47,000 | 16320 1991 99 646 245 151 53,880 1991
1992 44,000 | 3,960 1992 24,017 280,001 73,002 1992
1993 44,000 | 12,000 1993 39,117 213,249 56,380 1993
1994 44,000 | 24,000 1994 9,665 134,590 56,210 19949
1995 75,000 | 6,000 1995 37912 395,201 66,513 1995
1996 52,000 | 6,000 1996 59,008 477 432 93,339 1996 696 666
1997 1997 53,855 3450749 83,045 1997
1998 104,000 | 6,000 1998 36,210 292970 80,881 1998 651,941 | 64,200
1999 107,000 | 2,500 1999 21,754 191,516 70973 1999 766,694 | 114,632
2000 130,000 | 2,500 2000 73,902 597 937 28,859 2000 560986 | 75,426
2001 77,000 0 2001 46,478 400,922 32552 2001 284,498 | 61,668
2002 50,000 0 2002 25530 182,031 48,211 2002 1,361,691] 101,302
2003 25,000 0 2003 70,181 116,718 18,990 2003 548,835 | 80,971
2004 5,385 0 2004 29,602 121,184 239549 2004 244832 | 72,763
2005 8,000 0 2005 22944 79,483 1,192 2005 225904 | 43,741
2006 6,270 0 2006 22192 52,472 0 2006 313,292 0
2007 6,011 0 2007 8,140 69,385 0 2007 462,000 0
2008 9,987 0 2008 18,632 84,196 0 2008 392 4951 0
2009 10,356 0 2009 30,526 154,532 0 2009 383,338 0
2010 12,319 0 2010 9,358 96,355 0 2010 489,931 0
2011 12,857 0 2011 13,632 55,009 0 2011 512,139 0
2012 28,4947 0 2012 32,145 147 937 0 2012 567 952 0
2013 21613 0 2013 101,863 151,008 0 2013 840,033 0
2014 55,4929 0 2014 64,595 213,539 0 2014 590,105 0
2015 42,332 0 2015 29,305 211,067 0 2015 741,048 0
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Appendix Table 7.3 cont.

Herring R. Herring R.

PakerRiver Marston-Millk Stony Brook Agawam Wankinco Sippican Town River Pilgrim Lakel(Harwich) UV e lifleet)
Combined | Combined Combined [Combined|{Combined Combined|Combined | Alewife |[Combined|{Combined

Year Passage Passage Passage |Passage |Passage |Passage | Passage | Passage |Passage |Passage

1972 12,097

1973 38,163

1974 34,163

1975 24539

1976 13,998

1977 6,654

1978 13,116

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1984

1995 326

1996 680

1997 6,396 610

1998 4,242 671

1999 7.965

2000 7.8949 a59 72,000

2001 2,244 558 33,000

2002 3,500 359 193,069

2003 1,500 310,000

2004 1.447 25,000

2005 747 65,826

2006 500 6452 53,173 89

2007 60 15,136 30,252 100473 | 2,788 53,315

2008 485 43,948 33,383 30,429 8,245 27,783 1,647

2009 800 11,668 19,197 36,3549 | 6539 8,596 1,080 19336 | 31,589

2010 1,800 4,174 71,026 30,057 | 10,665 29,465 1,461 41,2649 | 12,052

2011 36249 434 37,081 19,064 | 10,4492 93,312 1370 10,466 9,534

2012 5,416 87,308 41,028 73,186 | 24,764 5931 1016249 | 11653

2013 2,500 56,987 163,262 | 33,637 8,739 3,001 91,167 | 24985

2014 2.4991 47 006 271364 | 48873 | 18625 4,202 247894 | 61,779

2015 4911 23,840 2515630 | 24398 | 14,170 5,427 4,245 127 860 | 18,025
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Appendix Table 7.4. Length frequencies of alewife and blueback herring from various rivers by sex and year. Length intervals are 10-mm total length bins with
the label equal to the lower limit of the bin.

Alewife
Back River Mattapoisett River
2004 2005 2006 2007 2008 2009 2010 1995 2004 2005 2008 2007 2008 2009 2010
TL mm [ F A F [ F M F M F M F [ F TLmm | M F M F b F M F | M F M F [ F M F
190 190
200 200
210 210
220 220 1
230 230
240 1 5 240 1 3
250 19 16 250 4 11 2 |1 2
260 59 &7 260 |12 5 14 9 |6 3
270 78 64 270 19 8 3 713 4
280 54 48 280 7 -] 2 4 |3 ]
290 15 15 290 ] 12 2 2 5
200 2 5 300 2 7 1
310 310 1 6 1
320 1 320
330 330
340 390
Total o] o 0 0 0 0 228 211 0 0 o 0 0 0 Total 54 50 O 0 0 0 35 29 14 249 0 0 0 o 0 0
Quashnet River Stony Brook
2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
TL mm 2] F M F 2] F M F M F M F | M F TLmm | M F | M F M F M F | M F ] F 2] F
180 190
200 200
210 210
220 220
230 2 1 230 2 1
240 11 2 240 14 3
250 20 13 250 |23 6
260 18 21 260 |34 12
270 1 26 270 |30 36
280 4 20 280 |13 24
290 4 290 1 14
300 300 1
310 310
320 320
330 330
340 340
Total 66 a7 ] 1] o o 0 o0 ] o 0 0 n] ] Total 117 97 0 o o o 0 o 0 lu] 0 ] ln] 1]
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Appendix Table 7.4 cont.

Alewife
Town Brook
___Agawam
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 1991
TIlmm | M F | M FIM FIM F |IM FIMF|M F|M F I FIM FIM F|M F TL mm [ F

190 190

200 200

210 1 1 210

220 1 3 1 5 3 1|1 2 2 220

230 5 2 8 3 |10 419 2|10 3|13 1|6 13 1 5 112 21 g 2 230

240 12 1 |33 9 |27 12|43 6 |43 16|35 14|45 4 (18 3 |15 3 |21 5 [40 13|31 & 240 B

250 16 12 |62 32 |50 23|74 32 |83 35 |82 42|85 25|39 11 |46 16|37 17 |55 41 |102 53 250 13 1
260 25 20|30 44 (34 46 (108 78 |70 74 [70 56 (85 64 |74 35 27 |65 42|33 47 |63 90 260 23 8
270 22 40|14 31 |11 36 (60 73 |31 49 |37 B3 |44 79|34 69 |47 40|30 46 |18 45|25 72 270 23 18
280 3 164 13 5|15 40 (12 20 |7 22|9 38|68 36 (23 BO(15 40| 4 18|9 24 280 14 25
290 3 9 2 14 |4 6 M]3 14]|3 12 |4 244 1681 9|2 9 290 6 13
300 1 1 1 3 3 2 2 %1 8 1 (1 300 1 5
310 1 1 1 1 310 1
320 1 1 320

330 330

340 340

Total 85 95 154 143 137 128 310 246 257 207 245 212 278 227 179 179 175 188 175 175 174 174 243 255 Total 86 71

Parker
River

201 2012 2013 2014 2015
TLeem | M F M FIM F|IM F [M F
190
200
210
220 3 1
230 1 12 1 2 1
240 3 2 (2 2123 3|14 3 |1
250 4 3% 6 |50 5|17 6 |8
260 2 2 (583 8 |70 11|29 10 |41 4
270 1 1 |36 22|62 195 15 |41 7
280 10 26 |32 18139 19 |41 5
290 1 9 [11 10|14 20 |18 4
300 2 1 713 12|58 3
310 211 7 11 1
320
330
340

Total 11 &5 172 76 252 75 173 92 156 24
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Appendix Table 7.4 cont.

Alewife
Mystic River

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Itmm | M F|M FIM F|IM FIM FIM F[IM FIM F M FiM FIM F|IM F
190
200
210 1 6 1
220 7 1 3 6 2|1 1|2 1 1
230 16 8§ | 2 3 2|29 6 (20 7|6 3|1 8 10 19 7 113
240 10 6 9 7|44 28 (28 B8 |13 B8 |7 B |48 9 |20 11|74 1 |38 13|22 9
250 12 8 | 3 2 |1 513 36|25 11|27 22|12 10|73 35 |52 14|84 26|46 24 (60 30
260 12 15| 2 2 |2 7|10 26 |28 14 (13 15|12 7 |48 29 |53 34|46 66 |27 29|37 47
270 9 15| 2 4 7112 2113 9|1 12]2 14 23 |32 40|28 42|18 35|21 56
280 3 4 2 113 10 |1 4 1 17 |6 32|68 353 164 18
290 1 3 2 5 9 6|2 8 7
300 1 1 2 1 1 1 4 2 7 2 4
310 7 2
320
330
340
Total 71 56 10 12 24 29 139 134 108 53 62 65 14 26 192 122 174 142 259 200 142 130 147 171

Nemasket River
200

2004 2005 2008 7 2008 2009 2010 2011 2012 2013 2014 2015
Itrmm | M F M FIM F|IM F M FIM F[M F|M F M FIM FIM F|M F
190
200
210 1
220 1
230 1 1 1 1 1
240 1 B 2119 1|1 14 4 112 5 10 7 1
250 10 1|25 7 |51 9|21 15 |47 9 |74 7 |29 8 | 24 3 0! 125 2119 3119 4
260 20 9 [ 30 21 |59 35|84 51 |76 17 |106 30 |81 27| 50 15 79 22| 94 271 89 7| 55 12
270 23 16 |40 40 |40 43 (131 76 |64 66 |77 72|9% 62| 9% 28 85 35/102 87| 92 49 91 52
280 3B 31|19 25 |18 19 (9% 67 |39 67 |40 51|51 78| 79 79 37 41| 48 666|108 77| 69 77
290 34 28 (17 19 |6 1445 29 |17 33 |11 23|16 45| 27 67 16 36| 7 23| 39 B2 33 65
300 14 29|19 102 2|14 141 151 6|1 5§ 1 24 2 14 1 7 6 34| 7 32
310 2 " 6 |1 4 2 5 1 ] 4 4 1 31 1 5
320 2 1 1 1 1 1
330
340
Total 139 127 147 130 197 127 394 255 259 213 313 191 276 231 283 220 229 154 284 213 324 236 276 247
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Appendix Table 7.4 cont.

Blueback
Touwwn Brook Quashnet River

2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2009 2010
TL mm M L] F L F L] F L] F L F M F TL mm L F L F L F M F M L] F M
190 190
200 200
210 210
220 220 2
230 3 230 2
240 2 240 1
250 1 250 2
260 1 260 1
270 270
280 280
290 200
300 300
310 310
320 320
330 330
340 340
Total 0 7 1 0 1] 1] 1] 1] 1] 1] 0 0 1] Total 5 3 1] 1] 1] 0 0 0 0 1] 0 0

Mystic River

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
TL mm M M F 1 F M F M F 11 F M F ot F 11 F 11 F 11 F M F
180 1 3 2
200 2 1 2 <] ] 5 2 -]
210 17 1 8 21 3 3 13 40 5 2
220 14 2 41 3 8 43 4 |49 3 37 1 23 4 18 1 34 1 41 0
230 22 1 37 5 87 &0 50 4 |145 37 | 112 25 a1 20 4 g8 28 =] 129 39 | 13
240 14 13 |28 16 |70 64 | 28 &5 |87 74 | 105 43 |122 40 52 28 |46 15 |66 85| 653 7
250 5 18 3 8 31 60 14 10 | 19 29 27 38 44 59 38 36 | 22 43 17 26 | 32 36
260 2 13 1 3 5 25 3 5 1 -] 3 10 =] 19 a 29 4 14 1 11 2 25
270 3 1 1 7 2 1 4 2 12 1 a 2 2 3
280 3 2 3
280
300
310 5
320
330
340
Total 0 58 65 129 33 243 217 157 28 330 149 287 118 206 146 178 114 181 90 261 173 102 71
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Appendix Table 7.4 cont.

Blueback
Parker River _Agawam Charles Nemasket

2011 2012 2013 2014 2015 1991 1885 1883 2012 2013 2014 2004
Ttmm(M F{M F|M F|M F|M F mwTmm/M F | M F|M FIM FIM F|M F|M F
190 190
200 200 3 10 12
210 3 210 10 3 |39 103
220 | 2 4 7 2 220 | 2 16 1 (104 2 (99 2 | 8 17| 1
230 | 23 11 g 1132 1|1 230 | 2 1| 3 786 |73 7 |61 &5 |65 47| 1
240 (77 5 |39 2 |57 10 |108 38 | 36 240 16 2|8 4|40 8 |113 28|53 40
250 |61 16 (92 9 |98 27|92 57 (120 21 250 | 1 19 10| 7 9 |13 15|46 45|43 30
260 |20 9 (57 34|60 39|30 28 (71 38 260 |2 3 |16 205 16|5 7|89 25|10 10
2700 |1 4 (8 23|18 28| 5 1233 28 270 218 1|4 1511 &1 & 3
280 713 2112 8 (2 20 280 T 1411 8 1 2
290 3 4 290 2
300 300 7 =
310 310 3
320 320 1
330 330 1
340 340 1
Total 184 34 212 75 255 123 271 145 263 112 Totaa 7 6 63 70 61 68 444 112 180 147 2 O
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Appendix Table 7.5. Length frequencies of alewife and blueback herring by sex and year from the Monument River. Length bins are +/- 2.5 mm total length
around the midpoint shown.

Akwie Mak

Totl Lergh dnm) 1981 1985 1985 1967 1968 1960 1900 1901 196C 1990 1904 1995 1006 1967 1908 1999 2000 2001 2002 2000 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 01 2015
206
210
215 1
0 1
=5 1 1 1 1 1
poc i 1 2 1 ] 1 3 1 2 1 7 2 1 2
5 2 2 7 2 2 1 9 1] 2 2 1 2 2 3 3 2 3 1 5 7 2 i 1
240 1 2 2 i 10 2 3 1] 4 2 11 2 i 1 4 i 7 1 X i 15 7 9 9 8
s 1 2 1 i ” 2 T2z oW L - L] L 3 3 5 0 B » -l > LT 7 " 7
230 1 2 3 @ 15 & 3 % 2 8 1] s 2 1] 15 5 L] @ 0 15 24 [y P xn -] a 13 21 13
255 [} +. 2 2 ¢ 2 8 W B AU K 2 ¥ B 2 2 ] 7 15 1B X N 2 ®B 2 ol 13 n
50 5 6 3 3 9 % ®B8 1 Z 3 2 B 12 [ 12 ®8 a 5 13 % 6 = ¥ = 5 b ] a2 >3 e =
25 8 9 8 1 1) 21 1 15 0 U BN 15 13 15 23 L] 9 1% [ ] 3 w0 24 1% 20 25 pe 1] 15 ] 25
20 "n o6 1 8 T3 ® 12 8 W ®B B B S5 ‘ - 1] 8 13 10 2 22 2 % "” w8 ko) ]
s 1 7 ) 1 % 3 8 8 1 3 a 1] 8 2 3 10 15 2 13 3 13 1 L3 15 15 5 5 % 7
20 w8 5 w = 6 6 [ 1 8 10 & 3 ] 3 [ 3 2 5 2 5 2 2 ] 2
25 wowo ouwon 5 8 i ) [ 7 ] 2 2 7 2 1 2 3 3 2 8 1
=0 % 9 5 9 8 6 3 1 4 L] 2 1 1 2 2
=5 1 ) L] 7 3 7 1 1 1 1 1 1 1
300 8 2 8 5 3 2 1
a0 2 1 .
310 2 6 3
s 3 1
0 1
5
330
Total @ 8 8 @w 120 X6 9 T 1@ 123 1T i 0w 13 IR oz im B % g2 8l 0 W OIE OB O 1I:m IR oW 2 s

AEWM Femak

Totl Leagth gnm) 1964 1985 1905 1967 1968 1969 1960 1991 19EC 196G 1994 1966 1996 1967 1966 1999 2000 2001 2000 2003 2004 2005 2005 2007 2008 2009 2010 2011 02 2013 201 2015
25
210
215
0 1
25
2% 2 2
5 2 2 1 1 9
240 1 1 1 1 1 1 3 i 2 1 3 2 5 2 2 1 2 2
245 1 6 2 6 3 ‘ 7 2 0 1 L] 13 3 i ‘ 1 1 1 1
230 1 3 1 3 1 3 2 3 1 ] 5 1 3 3 2 10 8 12 1] L3 3 7 7 3 ) 3
255 & s 6 5 ®w w 3 7 LR | O 1] 7 1 6 8 8 u o 2 1" ] 1 ) 7 13
60 3 1 i 6 B 1 B W ¥ 13 5 B3 n°n 12 5 1 12 8 8 2 23 =2 N 2 1% 8 9 2
%5 3 2 LI 8 [~ - T D L 7 8 12 @ w % 2 x ¥ 1 i) 5 2 =3
o 4 3 2 0 -] 1 15 15 n 3 =5 i 9 -] L] ” 10 12 1) 3 2 3 = X = P 12 =2 k1
s 6 5 3 9 20 K 2 ¥ 1w 15 X W B 3 15 7 8 7 5 3 12 [ (-] 7 6 2 2
280 10 13 @ -] X 18 1 1) 1 2 23 3 9 1 10 5 32 7 5 L] L] 1) n i X 15 12 3 1] 15
25 nm 2z 5 2 a3 13 98 7 8 9o 18 23 w0 2 3 8 13 3 8 3 1 15 7 L] 17 " i s 21 7
=0 1) 11} 0 7 =2 (1] 8 3 4 3 5 1L} 7 1 0 1 4 2 3 2 5 2 4 i 15 3
x5 B8 0 13 9 woow 1 i 7 5 7 1 1 5 1 2 2 i 1 1 1 3 1 L] 3
300 X 13 5 13 @ 13 4 1 1 ) 5 4 1 1 2 1 ) 1 2 3
05 " 8 n 8 3 8 1 1 1 2 2 1 1
310 " 7 2 5 i 7 1 1]
ns " 3 s 2 2 1
0 1 1 3 6 1 1
s 1 1 i
330 1
k] 2 1
340 1 1 ]
Total T W | e 135 W W @ o1z o« o womE @ toan w9 w0s H 72 L3 = 1B 5 215 125 1" a3 151 1S
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Appendix Table 7.6. Sample size (n), mean, and standard deviation (SD) of total length distributions of alewife and blueback herrings by sex collected in nine
rivers, 1985-2015.

1991
1995
20049
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

1991
1995
20049
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Alewife - Females
Agawam Back Mattapoisett Mystic Nemasket Patker Quashnet Stony Brook Town Brook
Mean Mean Mean Mean Mean Mean Mean Mean Mean
n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD
71 2822 1188
50 28904 1452
56 2609 1457|127 2015 1436 87 2709 1196 |97 2755 1253 |95 271.0 12.11
12 2707 1869 | 130 2804 1522 143 2659 1367
24 2734 1061 | 23 2579 1351|127 2753 1366 128 2636 11.10
211 2839 1260|249 2826 1373|134 2603 1583|256 2781 1244 246 2702 12.18
§3 2579 1601|213 2821 1251 207 266.7 13.00
65 2605 13.12 191 2783 1133 212 2681 12.74
26 2557 1216|231 2814 1167 227 2715 11.22
122 2672 1503|220 2871 11.21 5 2590 12.43 179 2743 11.31
142 2715 1370|154 2843 1344 | 76 2773 1309 188 2787 1469
200 2641 1471|213 2795 979 75 2791 15.46 175 2748 13.76
130 2683 1545|236 2872 1163 | 92 2846 17.30 174 2669 12.77
171 2603 1230 (247 2866 1192 | 24 2835 1338 255 2675 10.75
Alewife - Males
Agawam Back Mattapoisett Mystic Nemasket Patker Quashnet Stony Brook Town Brook
Mean Mean Mean hdean hean Mean Mean Mean Mean
n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD n Length SD
86 2608 1363
54 2749 13949
71 2506 1800|141 2826 1515 66 2508 1159 |117 2644 1256 |85 2591 14.25
10 2622 2021|147 2730 16.16 154 2551 11.17
35 2631 1151 | 16 2370 1337 | 197 2651 1335 137 2538 11.44
228 2737 1100|114 2666 1578 |130 2489 1316 (395 2766 1284 310 261.2 11.75
108 2509 1203|259 2691 1303 257 2585 12.79
62 2518 1088|313 2681 1106 245 2586 11.33
14 2523 1171|276 2721 1067 278 2601 11.49
192 2551 991 | 283 2752 1142 | 11 2540 1192 179 262.7263 1083938
174 2508 1195|220 2703 1250 | 172 2608 1348 175 264.8286 13.61094
259 2548 1162|284 2705 1014 | 252 2664 1326 175 263.9657 12.38645
142 2561 1252|329 2772 1124 | 173 2729 1435 174 2543276 1280948
147 2686 1042 |276 2768 1187 | 166 2764 1260 [243 258.4198 11.41609
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Appendix Table 7.6 cont.

1985
1991
1993
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

1985
1991
1993
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Blueback - Females

Agawam Charles Mystic Nermnasket Parker Quashnet Town Brook
Mean Mean Mean Mean Mean Mean Mean
n_Length SD n_ Length SD n_ Length SD n_Length SD n_ Length SD Length sSD n Length SD

70 2768 20458
6 2623 16.71
68 2641 20.18
2890 435891 2610 NA
B1 2515 143 1 2320 NA
38 2428 1399
217 2480 11.77
28 247.4 1270
180 2442 776
118 2476 9.48
146 2505 1054 34 2584 B8459
45 2523 1316 (114 2544 1096 75 2679 928
112 2537 1091|190 2551 11.41 129 2666 1222
147 2528 1152|173 2469 1093 145 2565 11.34
71 2880 7.12 112 269.3 10.42
Blueback - Males
Agawam Charles Mystic Nemasket Parker Quashnet Town Brook
Mean Mean Mean Mean Mean Mean Mean
n_ Length SD n_ Length SD n_ Length SD n_Length SD n_Length SD Length SD n_Length SD
b3 2567 11.81
72429 1781
b1 2358 2030
2 2325 B36 2316 54129
58 236.1 1049 7 244,43 99809
131 2306 11.20
243 239.0 10.04
157 2334 1405
333 2347 10.42
287 2389 B.74
296 2403 11.06 184 2482 864
285 2304 1206|178 2408 1354 212 2543 961
444 2319 1427 (181 2327 1533 255 2541 11862
180 2431 986 |261 2366 B8.98 271 2495 967
102 2461 7.28 263 2584 861
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Appendix Table 7.7. Sample size (n), mean, and standard deviation (SD) of total length distributions of alewife and blueback herrings by sex collected in the
Monument River, 1984-2010.

Monument River
Alewife Bluehack Herring
Female Male Female Male
Mean Mean Mean Mean

Year n Length SD n Length SD Year n Length SD n Length SD
1984 127 2956 13.17 96 281.3 14 .85 1984 101 2659 16.17 138 2534 2045
1985 104 291.3 12.80 83 2778 16.72 1985 55 2794 14 .59 36 268.5 16.29
1986 87 2975 16.51 83 2846 15.34 1986 43 2729 12.87 51 261.7 1244
1987 118 2951 16.30 99 2811 14.25 1987 35 2717 17.32 69 247 4 18.00
1988 1988

1989 1989

1990 135 282.1 14.27 124 270.0 13.87 1990 71 259.7 11.65 115 247 2 14.19
1991 161 2834 1549 205 267 6 13.34 1991 B3 2659 16.00 B4 2496 11:17
1992 97 2755 12.54 93 265.2 11.69 1992 14 263.2 13.67 22 2468 14.35
1993 92 271.2 10.36 79 2647 11.28 1993 13 2619 11.09 24 2433 17.24
1994 122 2678 14 .55 139 256.2 12.65 1994 26 2556 15.90 23 242 8 11.66
1995 92 269.2 1245 123 2574 8.99 1995 21 2564 9.24 22 243 6 13.64
1996 137 2746 11.95 197 2658 1048 1996 20 259.0 11.19 35 2429 957
1997 174 2749 12.77 197 262.7 13.97 1997 100 254 1 14 40 124 2354 13.24
1998 90 274 8 15.27 101 262.3 1242 1998 18 246.7 6.18 12 2333 985
1999 79 2639 12.78 131 2535 1044 1999 4 2375 17.56 31 2329 12.23
2000 117 2635 12.02 132 2511 10.58 2000 20 2485 8.75 37 234 9 917
2001 99 2655 13.01 112 2597 10.22 2001 28 2488 11.83 44 2324 8.92
2002 108 2754 12.72 133 264.2 11.62 2002 43 25857 11.10 70 243.2 10.36
2003 44 2705 11.35 45 260.7 10.80 2003 70 2481 10.01 76 2349 11.04
2004 72 2708 11.59 95 2624 1117 2004 49 254 8 10.71 50 242 9 10.07
2005 66 2651 10.73 82 259.2 117 2005 40 2519 11.82 51 242 4 10.72
2006 58 2637 14.04 61 2494 7.89 2006 56 2479 12.31 65 238.0 9.51
2007 185 2691 12.88 220 2594 1141 2007 69 250.3 10.04 82 2350 10.55
2008 194 2626 13.75 286 2530 12.23 2008 67 2441 9.52 72 2325 10.78
2008 157 265.5 9.54 158 256.2 10.23 2009 80 246.0 8.07 92 236.3 847
2010 216 2707 10.70 264 2594 10684 2010 67 244 3 9.66 80 2337 9.20
2011 125 2691 11.20 158 2584 12.37 2011 98 2456 12.72 129 2318 12.03
2012 110 267.7 11.61 152 254 9 10.46 2012 78 246.3 9.79 119 2351 9.7
2013 63 2694 11.96 99 256 6 10.88 2013 93 2455 8.02 224 237.7 6.58
2014 151 2747 1247 237 262 6 11.36 2014 108 248 6 10.03 220 2364 10.05
2015 145 269.1 9.78 128 261.2 9.18 2015 133 256.5 8.94 186 244 9 7.81
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Appendix Table 7.8. Age composition of alewife and blueback herring from Massachusetts rivers, 2004-2015.

Alewife
Badk River Quashnet River
Female Male Female Male
Age 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010 Age 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
2 0 0 0 0 0 u] o 0 0 0 o 0 0 o 2 0 0 0 0 0 0 ] o 0 0 o 0 0 0
3 0 0 0 34 0 0 0 0 0 0 36 0 0 ] 3 1 o0 0 0 0 ] 1] 11 0 ] o 0 o 0
0 0 0o 119 0 0 0 0 0 0 152 0 0 1] 4| 61 0 0 0 0 0 o] 48 0 0 1] 0 0 0
5 0 0 0o 48 0 0 0 0 0 0o 35 0 0 1] 5 23 0 0 0 0 0 1] 6 0 0 1] 0 0 0
B 0 0 0 5 0 0 0 0 0 0 4 0 0 1] 6 0 0 0 0 0 0 1] 0 0 0 1] 0 0 0
7 0 0 0 3 0 0 n] 0 0 0 1 0 0 o 7 0 0 0 n] 0 0 1] ] 0 0 0 0 0 0
8 0 0 0 1 0 0 0 0 0 0 0 0 0 1] 8 0 0 0 0 0 0 1] 0 0 0 1] 0 0 0
Total 0 1] 0 210 0 0 1] 0 1] 0 228 0 1] ] Total 85 0 0 1] 0 0 0 65 0 0 1] 0 1] 0
Mattaposett River Stony Brook
Female Male Female Male
Age 1995 2004 2005 2006 2007 2008 2009 2010 1995 2004 2005 2006 2007 2008 2009 2010 Age 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
2 0 0 0 0 0 0 0 0 0 0 0 0 0 ] 0 0 2 0 0 0 o 0 0 0 1] 0 0 0 0 0
3 49 0 0 a 0 0 0 0 9 0 0o 15 0 ] 0 o 3 7 0 0 0 o 0 ol 22 0 0 0 0 u} u}
20 0 0 9 0 0 0 o] 26 0 0o 16 0 ] 0 0 4 40 0 0 0 1] 0 0| 60 1] 0 0 0 ] ]
5 13 0 0 5 0 ] 0 0 10 0 0 49 0 0 0 0 5 43 0 0 0 o 0 ol 33 ] 0 0 0 0 0
B 9 0 0 1 0 0 0 0 =] 0 0 0 0 1] 0 0 5 5] 0 0 0 1] 0 0 1 1] 0 0 0 0 0
7 49 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 0 7 1 0 0 0 1] 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 0 8 0 0 0 0 1] 0 0 0 1] 0 0 0 0 0
Total 50 0 0 249 0 0 1] 0 549 0 0o 35 0 ] 0 1] Total a7 1] 0 0 [1] 1] 0 116 [1] 0 1] 0 0 0
478 4352
Mystic River
Female Male

2007 2008 2009 2010 2011

]
[=]
=
[N
8
-
(5]
]
o
o
B
8
-
5]

Age 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2004 2005

]
e
=]

2 1 0 0 0 0 0 0 0 1 0 o 1 1 o 0 0 0 0 0 0 6 2 1 0

3 49 0 1 37 10 4 14 39 35 129 64 83| 25 2 6 57 39 5 9 84 60 137 100 &7

40 5 a 75 25 30 9 58 80 21 56 67| 34 4 3 68 56 35 2 88 88 21 38 52

5 9 =] 4 7 0 18 3 8 19 19 6 171 10 3 1 7 11 14 2 15 20 15 1 7

= 2 1 1 5 2 -+ o 14 <] 4 3 3 1 1 ] 1 2 4 1 5 ] 0 2 1

7 ] 0 0 2 0 0 0 3 0 1 1 0 0 o ] 0 0 0 0 0 ] 0 0 0

8 ] 0 0 0 o 0 0 0 1 2 0 0 0 ] 1] 0 o 0 0 0 ] 0 0 0

9 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 56 12 15 126 53 66 26 122 142 171 130 171 71 0 10 133 108 S8 14 192 174 175 142 147
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Appendix Table 7.8 cont.

Alewife
MNemasket River

Female Male
Age 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 N 0 2
3 0 4 27 22 2 0 22 17 5 115 73 44 4 10 B2 41 36 8 42 3B 919 M3 103 N
4 23 50 56 163 33 48 80 95 72 48 93 189 39 50 91 257 76 116 83 98 61 42 58 177
5 52 54 34 59 134 60 71 57 19 6 6 280 B5 B3I 31 g2 10 9% 51 44 12 6 11 22
6 40 19 6 5 34 36 14 7 2 2 1 2l 30 17 9 12 3% 29 7 4 1 0 2 1
7 8 1 1 1 5 4 2 2 2 0 1 0 1 B 1 1 1 1 1 0 1 0 0 1
g

0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Total 123 128 124 250 213 148 189 178 154 171 174 243 139 146 194 393 289 252 1689 182 175 172 175 274

Town Brook
Female Male
Age 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 2
3 5 20 25 27 4 2 20 18 49 59 93 72 17 16 45 B1 24 10 47 25 73 72 127 88
4 52 79 75 164 81 65 69 108 78 81 49 168 50 104 80 190 113 N 73 116 7 7730 137
5 3k 26 26 38 89 75 63 39 50 24 26 11 14 27 1 45 94 74 47 33 28 16 1 9
6 1 3 0 13 2 27 25 12 0 1" 5 5 2 5 0 10 24 27 12 4 2 5 5 7
7 1 1 0 0 4 8 2 2 1 0 1 1 0 1 0 1 2 4 1 1 1 2 1 1
8 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 94 129 126 242 206 177 179 179 188 175 174 257 83 153 136 307 257 206 180 179 175 175 174 244
Parker River Agawarm Charles
Femal
Female Male eMale Female Male
Age 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 Age 1991 1991 Age 2013 2014 2013 2014
2 0 0 0 0 0 o 1 0 0 1 2 0 2 0 0 0 0
3 2 6 23 23 0 7 B9 87 8B " 3 1 B 31 89 16 130 17
4 3 5 22 42 14 4 82 47 82 97 4 35 49 4 12 51 25 A0
5 0 4 27 20 7 0 737 27 34 8 28| 27 5 ] 5 2 4
5] 0 1 1 5} 3 0 2 3 8 1 6 6 4 6 1 2 2 2
7 0 2 2 0 0 0 1 0 0 1 7 1 0 7 0 0 0 0
8 0 0 0 0 0 0 0 0 0 1 8 0 0 8 0 0 0 0
Total 5 B 75 0N 24 1M1 172 174 173 155 Total 71 86 Total 108 74 1589 73
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Appendix Table 7.8 cont.

Blueback
Mtystic River Male
Female
Age 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 0 0 1] ] ] 0 u} 0 0 49 0 0 ] ] 0 0 5 22 1 5 13 72 7 2
3 0 3 2 62 4 75 71 17 34 60 148 26 1] 18 42 81 55 207 135 51 78 82 147 33
49 0o 32 18 94 12 43 49 115 a7 10 16 44 1] 22 58 125 67 54 41 121 52 14 20 55
5 0 3 a 49 8 =] 2 13 30 =] [ 1 ] 2 10 30 23 15 2 6 31 49 ] 8
6 0 2 2 7 3 3 1 1 3 6 2 0 0 1] 0 1 5 2 0 n] 4 7 ] ]
7 0 0 ] 1 1 0 0 0 0 0 0 0 ] ] 0 0 1 0 0 0 ] 1 ] 1
] 0 0 1] [1] 1] 0 0 0 0 1 0 0 1] 1] 0 0 0 0 1 0 1] 0 1] 1]
0 40 31 213 28 136 118 146 114 90 172 71 ] 42 110 237 157 300 180 183 178 180 174 99
Town Brook PakerRiver
Female Male Female hdale
Age 2004 2005 2006 2007 2008 2009 2010 2015 2004 2005 2006 2007 2008 2009 2010 2015 Age 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
2 0 0 ] ] ] 0 0 0 0 0 0 0 ] 1] 0 0 2 0 0 ] 0 ] ] 5 12 0 o
3 0 0 1] 1] 1] 0 0 0 0 2 0 0 1] 1] 0 1 3| 20 9 67 116 9| 125 53 90 145 a7
49 1 1 o ] o 0 0 0 0 4 0 0 ] 1] 0 0 4 13 54 17 25 93| 50 138 22 26 197
5 0 0 ] o ] ] 0 0 0 1 0 n] ] ] 0 0 5 1 10 38 3 7 8 15 48 2 16
6 0 0 ] ] ] 0 0 0 0 0 0 0 ] ] 0 0 6 0 0 3 1 1 1 1 3 2 2
7 0 0 ] ] o 0 0 0 0 0 0 0 ] ] 0 0 7 0 2 4 0 1 ] o 0 0 ]
S 0 0 1] 1] 0 0 0 0 0 0 0 0 1] 0 0 0 2 0 0 1] 0 0 1] 0 0 0 0
Total 1 1 ] ] ] 0 ] 0 0 7 0 0 ] 1] 0 1 Total 34 75 120 145 111 184 212 175 175 262
Quashnet River Agawam Charles
Female Male Female Male Female Male
Age 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010 Age 1991 1991 Age 1985 1993 2012 2013 2014 1985 1993 2012 2013
2 0 0 1] 1] ] 0 0 0 0 0 0 0 o 0| 2 0 0 2 0 0 3 5 0 0 1 118 85
3 0 0 1] 1] 1] 0 0 3 0 0 0 0 1] 0| 3 0 1 3 2 3 18 83 97 7 22 32 65
L 2 0 ] ] ] n] 0 2 0 0 0 0 ] 0| 4 3 2 4 21 23 16 12 44 30 28 17 12
5 1 0 ] o ] n] 0 0 0 0 0 0 ] 0| 5 2 2 5 26 29 7 5 3 19 5 7 7
5] 0 0 ] ] ] 0 0 0 0 0 0 0 ] 0| 6 1 2 -] 8 a 0 -] 1 5] 5 1 3
7 0 0 ] ] o 0 0 0 0 0 0 0 ] 0| 7 0 o 7 [ 3 0 1 0 1 2 ] 2
S 0 0 0 1] 0 0 0 0 0 0 0 0 1] [ 2 0 0 8+ 7 1 1 0 0 0 0 1] 0
Total 3 0 ] ] ] 0 0 5 0 0 0 0 ] ] Total 6 7 Total 70 68 45 112 145 63 63 175 174
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Appendix Table 7.9. Age composition of alewife and blueback herring from the Monument River, 1985-2010.

Alewife

Female
e 1985 1986 1987 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

2 0 0 0 0 0o 0 0 0 0 0o 0 0 0 0 0 0 0 0 0 0o 0 2 1 0o 0
3 7 2 1 0 5 0 2 1 8 5 5 2 3 2 & 10 52 18 1 30 12 64 39 3¢ 27
3 28 20 38 24 43 B0 20 20 18 77 60 35 34 53 35 2 97 89 80 61 87 28 12 84 111
5 20 30 32 19 17 23 22 35 13 1 24 45 17 17 24 17 22 B89 48 83 21 14 2 & 7
8 5 19 20 7 11 5 5 414 0 a4 a4 & 4 a 1 a 3 18 12 8 5 1 4 2 0
7 4 5 15 1 0o o0 0 1 0 o 1 i} 0 1} 0 0 4 1 0 0o 0 0 1 0o 0

| & 3 14 0 0 0 0 0o 0 0 0 [1} 0 [1} 0 0 1} 1 1} 00 0o o o o9

Total 76 86 110 51 76 88 49 80 37 105 94 94 53 72 66 57 178 194 141 180 125 110 59 125 145

Male

Age 1085 1086 1987 1903 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 0o 0 0 0 o o0 0 o0 0 0o 0 [i} 0 [5} 0 0 0 0 [i} 0 1 1 1 0o 0
3 177 10 2 & 3¢ 25 18 6 17 13 18 28 & & 9 24 93 8 11 64 40 100 80 78 29
3 26 40 39 21 48 59 30 56 20 83 60 62 44 71 54 32 100 120 €8 77 100 34 16 92 96
5 12 27 3¢ 13 12 22 9 25 1 15 20 3@ 18 15 17 5 18 B85 30 37 12 6 1 4 3
6 s 5 13 4 2 3 4 1 1 2 1 2 0 2 0 2 8 1 3 1 0o 0 0
7 2 1 2 0 0o 0 0 1 0 0o 0 0 1 0 0 0 0 1 0 0o 0o o ©0 0 0
g 0 0 0 0 0 0 0 0o 0 0 0 [1} 0 1} 0 0 [1} [1} 0 0 0 0 0 0

Total 65 83 90 44 95 109 59 84 48 112 107 122 69 92 82 61 211 286 137 179 156 152 98 174 128

Blueback

Female
e 1085 1996 1997 1093 1005 1006 1007 1008 1090 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 0o o0 0 0 0 o0 0 0 0 0o 0 0 0 5 0 0 0 0 0 o 0o o ©0 0 0
3 9 0 4 0 0o o0 1 0 © 1 2 0 5 5 11 5 11 7 13 30 15 33 60 28 8
a 22 14 1 5 7 10 30 12 3 9 14 20 44 30 14 33 48 46 45 20 TS5 37 20 55 105
5 19 19 16 4 2 ® 2 1 a 7 a 19 13 14 18 a9 12z 13 g 7 8 4 2 19
[ 2 5 7 1 3 1 3 0 1 0o 0 2 0 0 0 0 0 0 2 0o 0 o0 0 0 1
7 1 1 3 1 0 o0 2 0 0 0o 0 0 0 0 0 0 0 2 0 0o 0o o ©0 0 0
8 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O ©0O 0 0
Total 53 39 31 11 18 186 52 14 5 19 23 40 62 43 39 56 63 67 74 67 98 73 93 85 133

Male

Age 1085 1086 1087 1003 1095 1006 1097 1008 1900 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
2 0 0 0 0 0 1 0 0 0 0 0 [i} [i} 0 0 0 0 1 [i] 0 0 2 0 0 0
3 12 5 8 1 1 B8 25 4 5 8 17 g9 13 14 8 14 44 22 3 B0 58 79 115 85 23
4 17 32 31 11 7 11 27 5 22 6 14 40 48 31 33 40 3 44 3T 15 70 334 54 86 144
5 5 14 18 2 g 4 5 2 2 & 9 10 3 3 a 1 6 5 7 5 1 4 4 8 18
6 2 0 4 1 0o 2 1 0 0 o 1 0 0 0 1 0 0 0 0 0 0 0 1 3 3
7 o 0 1 0 0o 0 o0 0 o0 i} i} i} 0 0 0 0 0 0 0 0 0o 0o 0 0
8 0 0 1} 0 0 0 0 0 0 0 [1] [1] 0 0 0 0 0 1] 0 0 0 0 0 0

Total 36 51 60 15 16 24 658 11 20 28 41 59 69 48 51 65 e1 72 85 80 120 118 174 182 186
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Appendix Table 7.10. Average age (years) of alewife and blueback herring collected by sex, river and year. *=not calculated due to small sample size.

Alewife
Female
River 1971 1972 1973 1974 1975 1976 1977 1978 1985 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015
gawam . . . . . . . . . . 48 - . . . . . . . R R . . . .
ack - . - . - - . - - . . . - - 42 - - . - - -
Charles - . - - . . - . . - - . . - . . - 33 38
Mattapoisett - . - . . - 48 - . . . . - . . . . 39 - - - . - . . . .
Monument - 47 50 52 47 44 4494 46 48 42 42 43 45 44 42 43 43 39 45 45 4494 42 35 35 38 39
hys tic - . - . - - . - - . . - - 41 47 44 39 43 44 36 40 40 35 36 36
Nemasket . . . . . . . . . . . . - . . . . . . . 53 48 42 44 50 50 44 43 38 34 36 40
Paker 60 52 43 45 §3 57 51 44 . . . . . . . . . . . . . . . . . . - 36 39 42 41 45
Quashnet - - - - - - - - - - - - - - - - - - - - 4.3 - - - - - - - - - -
tony Brook . . . . . . . . . . . . . 4.5 . . . - . . . . . - .
Town Brook - - - 44 43 40 42 48 49 46 43 41 39 37 38
Male
River 19711972 1973 1974 1975 1976 1977 1978 1985 1986 1957 1991 1993 1995 1996 1997 19938 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015
gawam . . . . . . . - . - 43 - . - . . . . - . . . . . . . - . . . . . .
ack . . . . . N . . . . . . . N 4.0 . . . . . .
Charles - - - . . . . . . . . . . - - - - - - 32 39
Mattapoisett . . - . - - 44 - . . . . - . . . . 37 . - . . - - . . .
Monument - 43 44 47 43 38 40 40 44 39 40 42 41 42 41 41 37 37 40 43 39 38 33 32 36 38
hotys tic - . - . . - . - . . . . - . . 38 43 35 36 38 43 38 37 37 33 33 35
Nemasket . . . . . . . . . . . . . . . . . . . . 49 47 40 41 46 46 41 41 35 33 35 38
Padcer 57 42 40 45 50 54 51 449 - . . . . . - - - - - - . . . - - - - 34 368 37 39 43
Quashnet . - . - . . . - . - . - - . - . . . . - 39 - - - - . - - - - .
tony Brook - - - 4.1 . . . - . . - . - . .
Town Brook - - - - - 40 40 38 40 45 46 42 41 38 37 34 37
Blueback
Female
River 1971 1972 1973 1974 1975 1976 1977 1978 1985 1986 1987 1991 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015
Ag awam . - . - . - . . . . - 47 - . . . . . . . . . . . . . - . . . - - - .
Charles - 52 - 48 . . - . . . - . . . . . . - . . - 37 33 34 -
Monument - 43 48 51 48 48 44 45 41 46 44 42 43 42 42 41 42 40 42 41 37 39 37 34 37 4941
Mty tic . . . . . . . . . . . . . 41 44 40 45 36 34 40 40 35 32 36
Padker - . - . - 34 41 39 32 40
Quashnet . . . . . . . . . . . . . ® . . . . . . . . . . .
Town Brook - - - - - - - - - - - - - * - - - - - -
Male
River 19711972 1973 1974 1975 1976 1977 1978 1985 1986 1987 1991 1993 1995 1996 1997 1998 1909 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20112012 2013 2014 2015
g awam - - . . . . - . . - 47 - . . . . - . - - . - . . . . . . - - . - .
Charles . . . . . . . 44 . . 40 - . . . . . . . . . . . . . . . - 25 28 33
hdonument - - 38 42 43 42 44 40 37 38 39 40 39 40 39 38 41 40 35 37 38 33 36 33 34 36 40
hbys tic . . . . . . . . . . . . . . . . . . . . . . 35 37 38 38& 32 33 37 36 29 31 37
Fadcer - . . . . - . . . . . . . . . . - . - - - . . - . . - 34 38 37 32 3989
Quashnet - - - - - - - - - - - . . - - - - - - - - = - - - . - - - - - - -
Town Brook | - - . - - - - - . - . . . . - . - - . - - - = - . - - - - - *
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Appendix Table 7.11. Repeat spawner frequencies for alewife and blueback herring by river, sex and year. 0 = new
spawner, 1=second-time spawner, 2= third-time spawner, etc.

Alewife
Back River
Fermnale Male
RPS 2004 2005 2006 2007 2008 2008 2010 2004 2005 2006 2007 2008 2009 2010
0 0 0 0 186 0 0 0 0 0 0 202 0 0 0
1 0 0 0 16 0 0 0 0 0 0 23 0 0 0
2 0 0 0 7 0 0 0 1] 0 0 3 0 0 0
3 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 210 0 0 0 0 0 0 228 0 0 0
M attapoisett River
Female M ale
RPS 1995 2004 2005 2006 2007 2008 2009 2010 1995 2004 2005 2006 2007 2008 2009 2010
0| 33 0 0 23 0 0 0 0 44 0 0 34 0 0 0 0
1 14 0 0 1 0 0 0 0 9 0 0 1 0 0 0 0
2 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 49 0 0 24 0 0 0 0 54 0 0 35 0 0 0 0
Quashnet River
Fermnale Male
RPS 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
0 79 0 0 0 0 0 0 62 0 0 0 0 0 0
1 B 0 0 0 0 0 0 3 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 85 0 0 65 0 0
Stony Brook
Female Male

RPS 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010

0 77 0 0 0 0 0 0f 102 0 0 0 0 0 0
1 17 0 0 0 0 0 of 13 0 0 0 0 0 0
2 2 0 0 0 0 0 0 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 97 0 0 0 0 0 0 116 0 0 0 0 0 0
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Appendix Table 7.11 cont.

Alewife
Mystic River
Female Male
RPS 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
0 36 1 15 110 40 40 22 79 76 134 48 7 10 125 9 46 12 149 115 147
1 18 0 0 12 7 14 3 24 50 27 19 3 0 7 16 10 2 39 53 21
2 1 1 0 3 5 2 1 12 12 7 4 0 0 2 0 2 0 4 6 7
3 1 0 0 1 1 0 0 5 2 1 0 0 0 0 1 0 0 0 0 0
4 0 0 0 0 0 0 0 2 1 3 0 0 0 0 0 0 0 0 0 0
Total 56 12 15 126 53 56 26 26 26 26 71 10 10 134 108 58 14 192 174 175
Alewife
Nemasket River
Female Male
RPS 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
0 70 98 112 218 167 103 146 131 124 142 78 104 176 347 207 208 1589 134 148 136
1 N 24 11 30 37 42 35 44 26 28 34 30 15 47 43 38 25 45 2 33
2 21 5 1 3 8 3 8 3 2 1 24 8 3 0 9 4 5 3 6 3
3 1 2 0 1 1 0 0 0 2 0 3 4 1 0 0 2 0 0 1 0
Total 123 129 124 252 213 148 189 178 154 171 139 146 195 394 2689 252 189 182 175 172
Town Brook

Female Male
RPS 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
0 81 110 16 202 146 122 142 138 119 124 69 134 130 237 174 140 1580 135 127 121
1 1 18 10 37 50 50 30 34 50 38 13 17 6 64 70 58 21 38 37 46
2 0 2 0 3 1" 5 7 7 17 12 1 2 0 5] 13 5] 9 6 10 5]
3 2 0 0 1 0 0 0 0 2 1 0 0 0 0 0 2 0 0 1 2
Total 94 130 126 243 207 177 179 179 188 175 83 153 136 307 257 206 180 179 175 175

Agawam

Fem Male
RPS_ 1991 1991
0 63 77
1 6 9
2 2 0
3 0 0

Total 71 86

191




Appendix Table 7.11 cont.

Blueback
Mystic River
Females Males
RPS 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
0 0 36 26 180 18 120 100 115 55 74 0 33 a7 195 114 262 156 147 91 162
1 0 0 3 27 5] 15 17 29 54 11 0 2 23 37 34 37 22 36 73 10
2 0 1 2 5] 3 1 1 2 4 5 0 0 0 5 7 2 1 0 14 8
3 0 0 0 0 1 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0
Total 0 37 K 213 28 136 118 146 114 90 0 35 1Mo 237 157 301 179 183 178 180
0.027
Quashnet River
Females Males
RPS 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
0 3 0 0 0 0 0 0 5 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 3 0 0 0 0 0 0 5 0 0 0 0 0 0
0
Town Brook
Fernales Males
RPS 2004 2005 2006 2007 2008 2009 2010 2004 2005 2006 2007 2008 2009 2010
0 1 1 0 0 0 0 0 0 7 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 1 1 0 0 0 0 0 0 7 0 0 0 0 0
Agawam Charles
Femm Male Female Male
RPS 1991 1991 RPS 1985 1993 2012 2013 1985 1993 2012 2013
0 5] 7 0 32 37 29 96 32 47 151 152
1 0 0 1 18 18 13 12 21 10 23 17
2 0 0 2 10 1" 2 3 10 4 1 5
3 0 0 3 3 0 0 1 0 2 0 0
Total 6 7 4 7 0 1 0 0 0 0 0
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Appendix Table 7.12. Repeat spawner frequencies for alewife and blueback herring from the Monument River by sex and year. 0 = new spawner, 1=second-
time spawner, 2= third-time spawner, etc.

Alewife

Fernale
RPS 1986 1987 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
0 47 62 41 70 72 35 47 33 97 81 67 51 71 61 49 163 165 122 156 105 97 52 109 136
1 25 26 9 4 14 9 28 4 7 10 24 3 1 5 8 12 26 17 17 19 1 5 15 8
2 12 17 1 2 2 5 5 0 1 3 3 4 0 0 1 3 3 2 7 1 2 2 0 1
3 2 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Total 86 110 51 76 88 49 80 37 105 94 94 58 72 66 58 178 194 141 180 125 110 59 126 145

Male
RPS 1986 1987 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2009 2009 2009 2009 2009 2009
0 51 53 34 91 83 46 67 43 101 88 84 56 87 79 58 198 250 123 167 142 143 94 155 122
1 24 27 9 4 26 8 22 B 10 18 34 10 5 3 3 13 34 14 1" 13 9 4 18 6
2 8 9 1 1 0 5 5 0 1 1 3 3 1 0 0 0 2 0 1 1 0 0 1 0
3 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 83 a0 44 95 1 59 94 49 112 107 122 69 93 g2 B1 211 286 137 179 156 152 98 174 128

Blueback

Fernale
RPS 1986 1987 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
0 24 19 9 16 15 43 14 4 19 23 37 66 46 37 48 67 63 70 66 92 69 87 0 0
1 12 7 1 2 1 9 0 1 0 0 3 2 2 2 8 1 4 4 1 5] 9 b 0 0
2 2 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 1] 0 0 1] 0 0 0 0 0 0 0 0 0 1] 0 0
Total 39 3 1 18 16 52 14 5 19 23 40 68 48 39 56 68 67 74 67 98 78 93 0 0

Male
RPS 1986 1987 1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
0 40 48 13 15 20 58 8 26 28 40 a1 67 45 48 56 76 68 82 79 120 101 167 0 0
1 10 9 1 1 4 0 3 3 0 1 8 2 3 3 9 5 4 3 1 9 18 7 0 0
2 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 51 60 15 16 24 58 1 29 28 41 59 B9 48 51 B5 81 72 85 80 129 119 174 0 0
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Appendix Table 7.13. Yearly estimates of instantaneous total mortality (Z) from age-repeat spawner
frequency and length data for alewives and blueback herring from Massachusetts Rivers by sex. *=not
calculated due to small sample size.

Alewife
Females
Chapman-Robson Z Estimates (Age Data)

Year |[Agawam Back Mattapoisett| Monument | Mystic |[Nemasket| Padker Stony Town
1971 1.00
1972
1973 133
1974
1975
1976
1977 1.01
1978 1.03
1979
1980
1981
1982
1983
1984
1985 1.04
1986 0.99
1987 076
1988
1989
1990
1991 096
1992
1993 087
1994
1995 072 1.03
1996 1.29
1997
1998 1.4
1999
2000 1.56
2001 1.26
2002
2003 1.15
2004 1.58 1.02 1.96 1.16
2005 1.18 1.941 1.47
2006 1.1 1.04 1.15 1.08
2007 1.249 1.42 1.57 1.39 RIS
2008 0496 096 1.59 1.41
2009 1.08 1.1 1.18 1.26
2010 1.93 098 095 0.84
2011 153 1.04 1.12 12
2012 1.02 1.41 1.44 1.78 1.06
2013 1.02 1.06 1.27 1.92 125
2014 24 0.95 2.31 1.13 0.89
2015 * 093 1.97 1.02 2.16
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Appendix Table 13 cont.

Alewife
Males
Chapman-Robson Z Estimates (Age Data)

Year |Agawam | Back Mattapoisett | Monument | Mystic |Nemasket| Pader| Stony Town
1971 1.29
1972 1.49
1973
1974
1975 1.59
1976 095
1977 1.01
1978 1.21
1979
1980
1981
1982
1983
1984
1985 087
1986 1.03
1987 0849
1988
1989
1990
1991 1.18
1992
1993 1.02
1994
1995 0.949 1.57
1996 138
1997 1.29
1998 1.16
1999 1.22
2000 1.91
2001 132
2002 1.28
2003 1.31
2004 1549 1.38 1.3 1.53
2005 1.48 088 1.32 1.48
2006 1.03 1.21
2007 1.64 1.93 223 16 1.53
2008 1.23 1.71 152 094
2009 1.31 1.21 093 087
2010 1.27 089 1.15 1.02
2011 1.99 1.66 1.33 1.5
2012 1.35 * 1.03 2.01 082
2013 185 1.48 1.38 0.85 1.1
2014 * 14 1.1 1.21 1.23
2015 * 1.14 2.13 1.18 1.93
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Appendix Table 13 cont.

Blueback
Females

Chapman-Robson Z Estimates (Age Data)

Blueback
Males

Chapman-Robson Z Estimates (Age Data)

Year

Agawam

Charles

Monument

Mystic

Parker

Year

Charles

Monument

Mystic

Pader

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
19856
1986
1987
1988
1989
1990
1981
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

021

067

081
1.23
1.31

098
1.48
1.07

075

1.15

1.02

0s8s

1.39

154
1.43
09

1.25

1.93

182
1.15
1.18
086
1.02
1.19
225
1.16
099
18

1.16
173
0.73
1.66
224

1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

096

1.05

1.07
0849
1.41

127

1.06

1.45

1.1
172

0.76

1549

1.05

143

1.32
1.3
2.06

212

177
1.26
1.39
1.55

083
1.12

1.99

13
23
0sz
1.76
2.45
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8  Status of River Herring in Rhode Island

Phil Edwards and Patrick McGee
Rhode Island Fish & Wildlife
277 Great Neck Road, West Kingston, Rhode Island, 02892

Executive Summary

Major declines in river herring run sizes occurred at Gilbert Stuart and Nonquit during 2000 to 2005.
These declines were followed by increasing trends from 2006 to 2014 until 2015 when the majority of
Rhode Island’s river herring runs decreased. Gilbert Stuart river herring spawning stock size drastically
decreased each year from 290,814 in 2000 to a low of 7,776 fish in 2005. Between 2010 and 2014 the
average run size was 95,267 and in 2015 decreased to 11,135. Likewise, Nonquit run size decreased
from 185,524 fish in 2000 to a low of 25,417 in 2004. Between 2010 and 2014 the average run size was
50,567 and in 2015 decreased to 32,330. Likewise mortality rates and percentage of repeat spawners
showed some improvement until 2015. Mortality rates (Z) decreased for both sites prior to 2015, and
percentage of repeat spawners increased until 2015. All of Rhode Island’s runs decreased in 2015,
therefore Rhode Island continued with the statewide closure imposed in 2006, on the harvest of river
herring (alewives and bluebacks) in fresh and marine waters.

8.1. INTRODUCTION

In Rhode Island, the Division of Fish and Wildlife currently manages 21 river herring runs and operates
and maintains 26 fishways on 11 of the systems. These systems include small brooks and streams to
large rivers and impoundments. Since the 1960s, the Division of Fish and Wildlife has worked toward
restoring anadromous fish to Rhode Island. These efforts include partnering with various organizations
on anadromous habitat restoration projects, conducting anadromous fish stocking, monitoring
anadromous fish populations throughout the state, providing seasonal adjustments and maintenance to
existing fishways, and setting harvest regulations.

The two Rhode Island systems with the most complete quantitative data sets on river herring are the
Gilbert Stuart and Nonquit. Available data include spawning stock size, length at age, mortality rates,
proportion of repeat spawning and juvenile abundance indices. 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 (Figure 8.1). River herring at Gilbert Stuart
have been monitored by the Division of Fish and Wildlife since 1980. 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 (Figure 8.2). Nonquit River herring
stocks have been monitored since 1999.

In addition, to assessing the status of the Gilbert Stuart and Nonquit stocks, this report will summarize

spawning stock size results from Buckeye Brook, JAIl results from the Pawcatuck River seine survey, and
river herring data collected from three marine fishery-independent surveys.
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8.2. MANAGEMENT UNIT DEFINITION

The Rhode Island Department of Environmental Management (RIDEM) has management authority over
river herring (alewives and bluebacks) occurring in the state’s fresh and marine waters [RI Gen. Laws].

8.3. REGULATORY HISTORY

Currently there is a moratorium on harvest of river herring (alewives and bluebacks) in Rhode Island’s
fresh and marine waters (RIDFW Reg; RIMF Reg.). Due to drastic declines in spawning stock size
beginning in 2001, Rhode Island passed regulations in March 2006 for the complete closure. Prior to
1998, the freshwater daily river herring limit was 12 fish per day and closed Sunday, Monday, and
Tuesday. There were no regulations for marine waters. In 1998 the daily freshwater limit was increased
to 24 fish per day with the same closed days, and then decreased to 12 fish per day in 2005. The 2006
closure marked the first time there were reciprocal regulations for Rhode Island marine and fresh
waters. The marine and freshwater closure continued through 2015 and is planned for 2016. Table 8.1
summarizes current and past Rhode Island river herring regulations.

8.4. ASSESSMENT HISTORY

In the 2012 ASMFC Stock Assessment Report No.12-02 the two Rhode Island systems assessed were
Gilbert Stuart and Nonquit. The assessment showed Gilbert Stuart and Nonquit run sizes decreased
between 2001 and 2005 and the declines were followed by increasing trends from 2006 to 2010. Prior
to 2012, the last formal assessment was prepared by Crecco and Gibson in 1990. The Rhode Island
system assessed in the report was the Annaquatucket River which in the 1970s had a spawning stock
size over 300,000 (Durbin 1979). At the time of the assessment, the status of the river herring
population was partially exploited with no trend in stock condition. Currently, only presence/absence
data are recorded at the Annaquatucket River, therefore this system will not be covered in this report.

8.5. STOCK-SPECIFIC LIFE HISTORY

Gilbert Stuart and Nonquit river herring stocks are iteroparous and predominately alewives. Between
2000 and 2005, weekly species identification results showed Rhode Island’s spring returns were 100%
alewives. Since 2005, species identification at both sites has been over 95% alewives. Gilbert Stuart
river herring were used as Rhode Island’s main broodstock source between 1966 and 1978 to stock into
the Annaquatucket, Hunt, and Pawcatuck rivers. Gilbert Stuart was again used as a broodstock source
between 1999 and 2004, and sparingly in years following due to the drastic declines in run size in 2004.
Both the Gilbert Stuart and Nonquit systems were stock between 1990 and 1993 with alewife
broodstock from Massachusetts systems.

8.6. HABITAT DESCRIPTION

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 (Figure 8.1). 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 (Figure 8.2). Buckeye Brook is a natural free flowing system that provides access to
91 acres of spawning habitat in Warwick and Spring Green Ponds. Buckeye Brook empties into
Narragansett Bay. The Pawcatuck River is a riverine system and currently has two Denil fishways which
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provide access to miles of riverine habitat, Watchaug Pond (573 acres), and Chapman Pond (164 acres).
In addition to a river herring run, the Pawcatuck River is also managed for American shad.

8.7. RESTORATION PROGRAMS
8.7.1. Recovery Target

The state of Rhode Island has informally adopted a recovery target of greater than 50% of the spawning
stock size estimated by Gibson (1984). Target goals for spawning stock size at Buckeye Brook, Gilbert
Stuart and Nonquit are shown in Table 8.3. The estimates are calculated based on habitat size and are
used as indicators to predict the spawning stock size potential of restored habitat or strength of existing
runs.

8.7.2. Restoration Objectives

The Rhode Island Division of Fish and Wildlife is partnering with many government agencies, NGQO’s, and
private entities on a wide variety of anadromous habitat restoration projects throughout the state.
Projects include constructing new fishways, culvert modifications, and dam removals to enhance
spawning and nursery habitat. Since the last assessment fish passage projects have been completed on
the Pawcatuck, Pawtuxet, Ten Mile and Woonasquatucket Rivers. Currently several fish passage
projects are proposed or currently being implemented on the Blackstone River, Pawcatuck River, and
Factory Brook (Edwards 2015; Erkan 2002).

8.7.3. Stocking Efforts

Stocking has been important to Rhode Island’s river herring restoration efforts (Table 8.2). Each year
trap and transport is conducted utilizing out-of-state and in-state broodstock sources to supplement
existing runs or restore extirpated systems that have been restored. Gilbert Stuart was Rhode Island’s
only broodstock source for river herring between 1966 and 1972, and today is still an important source.
Nonquit has not been utilized as a broodstock source, but was considered in 2001, prior to the drastic
decrease in spawning stock size. Between 1990 and 1993, both Gilbert Stuart and Nonquit received
supplemental stockings from the Agwam and Bourne rivers located in Massachusetts. Since 2001 it has
become increasingly difficult to obtain available out-of state and in-state broodstock sources, due to the
declines in river herring run sizes.

8.7.4. Fish Passage

The Alaskan steeppass at Gilbert Stuart has been the primary survey site for monitoring adult river
herring since 1981. The eight foot obstruction at the Gilbert Stuart Birthplace, is a dam with various
water control structures serving the historic grist mill (Erkan 2002). In 2000, the fishway passed over
290,000 fish and in recent years estimates of one thousand fish per hour have been observed (Edwards
2015). The Denil fishway at Nonquit has been the primary survey site for monitoring adult river herring
since 1999. The seven foot obstruction is owned by the City of Newport Water Company and the
impoundment is used as a secondary water supply (Erkan 2002). In 1999, the fishway passed over
230,000 fish (Edwards 2015). Buckeye Brook is a free-flowing system and river herring migrate to
Warwick Pond without obstruction. The connection between Warwick Pond and Spring Green Pond
passes through the T.F Green Airport property.
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8.8. AGE

Scale samples collected from Rhode Island Division of Fish and Wildlife’s anadromous fish sampling
projects at Gilbert Stuart and Nonquit were pressed between glass slides and analyzed by techniques
described in Rothschild (1963) and Marcy (1969). The age of each fish and number of spawning marks
were recorded. Regenerated scales are not considered reliable for ageing. Two groups have carried out
most of the ageing work for river herring. Biologists from both groups have worked together to ensure
consistency of methodology in the collection, processing, and age determination of scale samples.
Approximately 150 scale samples are collected throughout the spring run at Gilbert Stuart and Nonquit.
For both sites, the typical ages for males are 3 and 4, and females are typically ages 4 and 5 (Table 8.6,
Table 8.7, Table 8.11, Table 8.12). Age-two males and age seven females were the minimum and
maximum ages observed between 2011 and 2015.

8.9. FISHERIES-DEPENDENT MONITORING
8.9.1. Commercial Fisheries

Rhode Island commercial landings are shown in Table 8.14 (NMFS, Fisheries Statistics Division, Silver
Spring, MD, personal communication). The river herring fishery was an inshore fishery and landings
occurred throughout the late 1800’s in New England waters (NMFS 1989). Oviatt et al. (2003) estimated
over 1,100,000 kg ww of alewives were landed at Rhode Island ports in 1880, which is a substantial
increase compared with the reported Rhode Island river herring commercial landings of zero in 1960
(NMFS 2010). The majority of the river herring landings between 1950 and 1980 were from seine hauls
and trap net fisheries. The trap net fishery was the predominate source of landings throughout the
1990’s. The reported landings have been zero or negligible since 1987. In March 2006, Rhode Island
passed the moratorium on the harvest of river herring (alewives and blueback herring) in marine and
freshwaters of the state.

8.9.2. Recreational Fisheries
No recreational data are available.
8.9.3. Bycatch Estimates

Bycatch is known to take place in the Atlantic herring bait fisheries, however no bycatch data is
available.

8.9.4. Subsistence Fishery
No subsistence fishery data is available.
8.9.5. Characterization of Other Losses

No data is available.
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8.10. FISHERIES-INDEPENDENT MONITORING
8.10.1. Spawning Stock Surveys

Each spring river herring spawning stock size is estimated using electronic fish counters or direct count
methods on several Rhode Island river systems. The anadromous life history of river herring allows for a
unique sampling and monitoring opportunity when they return to their native freshwater systems to
spawn. In addition to estimating run sizes, a representative sample of river herring from Gilbert Stuart
and Nonquit were sampled for biological data. River herring were sampled and measured for length,
weight, and scale samples taken for age analysis. Approximately 50 alewives were sampled three times
throughout each spring migration. Gilbert Stuart has a break in the biological data time series between
1993 and 2000; however spawning stock size was estimated during those years. Mortality rates (Z) are
estimated by a percentage of repeat spawners method (Crecco and Gibson 1988).

Gilbert Stuart

The Division has estimated spawning stock size since 1981 using electronic fish counters or direct count
methods. River herring were sampled for biological data during two time periods. The first sampling
period was between 1980 and 1992, and the second from 2000 to present. The break in the biological
data time series between 1993 and 1999 was due to changes in staff, but spawning stock size estimates
were continued during this time period. Due to low run size, data could not be collected in 2015
following numerous attempts to sample fish.

Nonquit

The Division has estimated spawning stock size at Nonquit since 1999 using a solar operated electronic
fish counter. The only known data, which included run size estimates, were collected in 1976 and
reported as 80,000 fish (Lynch 1976). River herring were sampled for biological data since 2000, except
for in 2010 when river herring were unable to be captured after numerous attempts.

Buckeye Brook

The Buckeye Brook Coalition and Division partnered in 2003 to initiate a direct count program utilizing
volunteers (Puriton 2000; Stevenson 1997). River herring have not been sampled for biological data, nor
have JAl's been performed at Buckeye Brook.

Pawcatuck River

A fishway trap is installed and operated each spring to monitor American shad returns. The increased
number of river herring compared to American shad and high water volume make utilizing the fishway
trap unfeasible for estimating river herring run size. Direct count techniques have failed, due to visibility
and electronic counters are not efficient at the site. Since 2006, in addition to observations
(presence/absence) the Division has initiated a four factor ranking system in which personnel estimate
the number of herring in the trap and fishway each day the trap is checked for American shad. In
addition, video techniques should assist in estimating the Pawcatuck River run size in the future.
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Annaquatucket River and remaining Rl herring runs

At other Rhode Island river herring systems, the Division conducts periodic qualitative analysis which
consists of determining the presence and absence of adult and juvenile river herring. Methods include
random net surveys, visual observations and electrofishing to determine spawning success. The
Annaquatucket River experienced a complete collapse during the 1990’s which may have resulted from
other factors unrelated to the factors responsible for the recent decline.

8.10.2. Ocean Trawl Survey Indices

The Marine Division of Rhode Island Fish and Wildlife conducts a trawl survey, a Narragansett Bay seine
survey, and coastal pond seine survey. The marine surveys are conducted in Narragansett Bay, Block
Island Sound and surrounding coastal ponds. All three surveys collect river herring numbers and length
frequency data.

Trawl Survey

The methodology used in the allocation of sampling stations employs both random and fixed station
allocation. Fixed station allocation began in 1988 in Rhode Island and Block Island Sounds. This was
based on the frequency of replicate stations selected per depth stratum since 1979. With the addition
of the Narragansett Bay monthly segment which started in 1990, an allocation system of 13 fixed
stations was employed. Sampling stations were established by dividing Narragansett Bay into a grid of
cells. The seasonal trawl survey is conducted in the spring and fall of each year. Usually 42 stations are
sampled each season; however this number has ranged from 26 to 72 over the survey time series. The
stations sampled in Narragansett Bay during the seasonal segment are a combination of fixed and
random sites. Thirteen fixed during the monthly portion and 26, (14 of which are randomly selected)
during the seasonal portion. The random sites are randomly selected from a predefined grid. All stations
sampled in Rhode Island and Block Island Sounds are fixed.

Depth Stratum Identification:

Area Stratum Area nm2 Depth Range (m)
Narragansett Bay 1 15.50 <=6.09

2 51.00 >=6.09
Rhode Island Sound 3 0.25 <=9.14

4 2.25 9.14 -18.28

5 13.5 18.28 —27.43

6 9.75 >=27.43
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Block Island Sound 7 3.50 <=9.14

8 10.50 9.14 -18.28
9 11.50 18.28 -27.43
10 12.25 27.43 -36.57
11 4.00 >=36.57

At each station, an otter trawl equipped with a % inch liner is towed for twenty minutes covering .83
nautical miles. Data on wind direction and speed, sea condition, air temperature and cloud cover as well
as surface and bottom water temperatures, are recorded at each station. Catch is sorted by species.
Length (cm/mm) is recorded for all finfish, skates, squid, scallops, lobster, blue crabs and horseshoe
crabs. Similarly, weights (gm/kg) and number are recorded for each species (Lynch 2007). The survey is a
random / fixed stratified trawl survey that operates throughout state waters. Adults and juveniles are
collected (Olszewski 2015).

Narragansett Bay Seine Survey

Since 1988, eighteen stations have been sampled monthly from June through October. The survey is a
fixed station seine survey using a 200ft seine net that samples throughout Narragansett Bay.
Predominately juveniles are collected (McNamee 2015).

Coastal Pond Seine Survey

Since 1992, twelve stations have been sampled monthly from May through November. The survey is a
fixed station seine survey using a 160 ft seine net that takes place in Rhode Island’s coastal ponds. The
majority of the samples collected are juveniles but occasionally adults are captured and reported with

the length frequency data (Lake 2015).

8.10.3. Juvenile Abundance Indices
Gilbert Stuart

Between 1988 and 1996 a trapnet was installed during the fall to capture juveniles exiting the
freshwater impoundment. The trapnet was connected to the exit of the Alaskan steeppass fishway,
therefore trapped fish endured high velocities of water. Due to high juvenile mortality the JAl was
discontinued in 1996. During the 2007 season a different style trapnet, which prevents juvenile
mortality was utilized. This weir based trap located 200 yards below the fishway allows trapped out-
migrating juveniles a safe holding pen. The trap is set for one hour and juveniles are enumerated and
length measurements are collected.

Nonquit
Since 2001 a trapnet was installed weekly each fall in the Denil fishway. The trap is placed in slots

located at the front of the turning pool, and juveniles are captured as they exit the freshwater
impoundment and held in the turning pool.
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Pawcatuck River

Seine survey conducted weekly each fall since 1988 at five fixed stations in the lower Pawcatuck River
(O’Brien 1986). Majority of the samples collected are juveniles but occasionally age one river herring
are captured and reported with the length frequency data.

Remaining Rhode Island Runs

Periodic qualitative analysis which consists of determining the presence and absence of adult and
juvenile river herring is selected Rhode Island systems. Methods include random net surveys, visual
observations and electrofishing to determine spawning success.

8.11. ASSESSMENT APPROACHES AND RESULTS
8.11.1. Trends in Spawning Stock Size

Rhode Island river herring spawning stock sizes drastically decreased from 2000 to 2004. Since the
statewide closure in 2006, the run sizes have increased but are still well below the run sizes estimated
between 1999 and 2002 (Table 8.15; Figure 8.).

Gilbert Stuart

Between 1998 and 2001, the Gilbert Stuart stock displayed a stable trend and passed over one million
herring. The annual mean spawning stock size during this period was 266,853. After 2001, the run
declined to a low of 7,776 in 2005 (Table 8.15; Figure 8.). Since the closure in 2006, the spawning stock
size has increased but was still substantially below the annual mean for the 1998 through 2001 time
frame. The Gilbert Stuart run size has been below the predicted target population size of 64,000 since
2003, until the 2010 river herring run size was estimated at 110,000 (Table 8.3).

Nonquit

When the current time series began in 1999 the run size was estimated at 230,853 fish (Table 8.15;
Figure 8. After 1999, the run size declined to a low of 25,417 fish in 2004. As with Gilbert Stuart, the
Nonquit run size drastically decreased between 2002 and 2005. Since the closure in 2006, the spawning
stock size has increased but was still substantially below 1999 returns, with the exception of 2008 when
the run size reached 224,000. The Nonquit run size was below the predicted target population size of
138,000 each year since 2000, with the exception of 2008 (Table 8.3).

8.11.2. Trends in Length

Annual mean fork length results for the past two segments were less for both males and females for
river herring sampled at Gilbert Stuart between 2000-2010 and 2011-2015, as compared with results
from fish sampled between 1980 and 1992 (Table 8.4 and Table 8.5). The last mean lengths reported for
Nonquit were in 1976 and since 2000 the Nonquit mean lengths were below those previously reported
(Lynch 1976, Table 8.9; Table 8.10; Figure 8.4).
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8.11.3. Trends in Age

Pooled age data (1980-1992) at Gilbert Stuart showed fifteen percent of the river herring sampled was
ages 6, 7 or 8 (Gibson 1992). Annual mean age for both males and females has decreased since 1980
(Figure 8.4). Age data from 2003 to present show no age 8 river herring and a decrease in percentages of
6 and 7 year olds sampled at Gilbert Stuart.

Table 8.6 and Table 8.7 show number and percent at age for males and females sampled at Gilbert
Stuart.

Table 8.12 show the number and percent at age for males and females sampled at Nonquit. Mean age
for males and females in the Nonquit has remained stable from 2000 to present (Figure 8.5).

8.11.4. Trends in Length at Age

River herring from Gilbert Stuart and Nonquit have displayed a decrease in length at age over time
(Table 8.4). Since 2000, the mean length at ages recorded for Gilbert Stuart, were consistently lower for
all age classes than reported in 1992 (Gibson 1992). Mean fork length at age for males and females at
Gilbert Stuart is shown in Tables 8.4 and 8.5. Age results at Nonquit show the same decrease in
percentages of 6 and 7 year olds sampled as compared from fish sampled at Gilbert Stuart between
1984 and 1992. Mean fork length at age for males and females at Nonquit is shown in Tables 8.9 and
8.10.

8.11.5. Trends in Proportion of Repeat Spawners

Percent repeat spawning at Gilbert Stuart and Nonquit decreased between 2000 and 2007, but have
improved since 2007. Historical percentages for Nonquit were lacking, but historic percentages were
available for Gilbert Stuart. Pooled estimates (1983-1992) resulted in a repeat spawning value of 42 %
(Gibson 1992). The five year average (2003-2007) for Gilbert Stuart and Nonquit was 8.9% and 6.8%,
respectively. Since the closure in 2006 the percentage of repeat spawners has increased at both
locations, but compared to the historic data (1984-1992) the percentage of repeat spawning has
decreased for both sites (Figure 8.). The three year average for this segment for Gilbert Stuart and
Nonquit were 18.7% and 24.2%, respectively. This showed the percentage of repeat spawners
continued to increase compared to the three year average (2008-2010) following the closure for Gilbert
Stuart at 12.5% and Nonquit at 17.9%.

8.11.6. Total Mortality (Z) Estimates

The instantaneous mortality (Z) rates were calculated using the repeat spawning method (Crecco and
Gibson 1988). Results are presented in Figure 8. Mortality rates substantially increased between 2003
and 2005. Both sites displayed the highest mortality rates in 2004 with Z values estimated at 3.9 for
Gilbert Stuart and 4.1 for Nonquit. Historical mortality rate data for Nonquit was lacking, but historic
data was available for Gilbert Stuart. Pooled estimates (1984-1992) utilizing the repeat spawning
method resulted in a Z value of 1.2 (Gibson 1992). Gilbert Stuart and Nonquit mortality rates increased
between 1992 and 2007, but following the closure, mortality rates for both sites had decreased. The
exception was Gilbert Stuart in 2015 when results showed low run size and a mortality rate over 4.0.
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8.11.7. Trends in Juvenile Abundance

Relative abundance indices in juveniles from the trawl survey are shown in Figure 8., and expressed in
mean number per tow. Length frequency results are shown in Table 8.16 (Olszewski 2015). The trawl
survey river herring indices decreased beginning in 2002 and have increased since 2010. The timing of
this decrease coincides with the drastic decline in Rl river herring spawning stock sizes. Relative
abundance indices of juveniles from the Narragansett Bay Seine Survey are shown in Figure 8., and
expressed in mean number per seine haul. Relative abundance indices of juveniles from the Coastal
Pond Seine Survey are shown in Figure 8., and expressed in mean number per seine haul. Majority of
the samples collected are juveniles but occasionally adults are captured and reported with the length
frequency data (Lake 2015). Relative abundance indices for juveniles in the Gilbert Stuart River are
shown in Table 8.17, and expressed in mean number per one hour trap set. Relative abundance indices
for juveniles in the Nonquit River are shown in Table 8.17, and expressed in mean number per one hour
trap set. The juvenile abundance indices from the Gilbert Stuart and Nonquit trap showed no
correlation with the spawning stock size estimates for either system. Relative abundance indices for
juveniles in the Pawcatuck River are shown in Table 8.18, and expressed in mean number per seine haul.
The Pawcatuck River seine survey abundance indices for river herring have decreased since 2004 and
have continued to remain low.

8.12. BENCHMARKS

The state of Rhode Island has informally adopted a recovery target for river herring run sizes of greater
than 50% of the predicted spawning stock sizes based on available habitat, estimated by Gibson (1984).
Target goals for spawning stock size at Buckeye Brook (39,461), Gilbert Stuart (32,150) and Nonquit
(69,124) are shown in Table 8.3. In addition, Rhode Island has informally adopted a Z benchmark value
of less than 2.5 using the percentage of repeat spawner technique (Crecco and Gibson 1988) and a
percentage of repeat spawning benchmark of greater than 10 percent.

8.13. CONCLUSIONS AND RECOMMENDATIONS

Between 2000 and 2006, Rhode Island river herring stocks experienced sharp declines in spawning stock
size, increases in mortality rates (Z) and decreases in percentage of repeat spawners causing Rhode
Island to impose a statewide closure in 2006 to the harvest of river herring in fresh and marine waters.
Since the closure in 2006, Rhode Island’s run sizes increased until 2015. The majority of the run sizes in
2015 drastically decreased. Between 2010 and 2014, the Gilbert Stuart five year average was 95,267
and the run size decreased to 11,135 in 2015. The Nonquit five year average was 50,567 and decreased
to 32,330in 2015 (Figure 8.). In addition, prior to 2015, Gilbert Stuart and Nonquit showed decreases in
mortality rates and increases in the percentage of repeat spawners. Truncated age structures remained
the same.

Recent results prior to 2015 show there has been some improvement since the closure, but current run
sizes are still well below the estimated run sizes (1999-2001) recorded prior to the decline (Table 8.15).
Gilbert Stuart and Buckeye Brook exceeded the recovery target for river herring run sizes from 2011 to
2014, but were below the target in 2015. During the same timeframe (2011-2015), Nonquit only
exceeded the target value in 2014. Likewise mortality rates (Z) and percentage of repeat spawners has
shown some improvement (Figure 8.9 and Figure 8.10). Between 2011 and 2015, Gilbert Stuart and
Nonquit mortality rates were below the target value of 2.5 with the exception of Gilbert Stuart in 2015
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which displayed a value of 4.1. Likewise both sites displayed higher percentage of repeat spawner
values then the target value of 10 percent, except for in 2012, when Nonquit displayed a value of 8.2.

The decrease in river herring run sizes between 2002 and 2005 warranted drastic regulatory changes in
which the Rhode Island moratorium was imposed in March 2006. The moratorium is still in place and
will continue through 2017. Reasons for the drastic declines in Rhode Island river herring run sizes may
be related to a combination of factors which may have affected river herring stocks prior to the closure.
Some theories include degradation of spawning and nursery habitat, an increase in predator
populations, and overfishing. Degradation of spawning habitat could be the result of changes in water
quality in the freshwater systems affecting egg development or juvenile mortality. Predator population
increases in certain sportfish and bird species, may have been affecting river herring stocks. Overfishing
may have been a result of an increase in the in-river fishery, an unregulated marine fishery in Rhode
Island marine waters prior to 2006, or an ocean by-catch fishery intercepting Rhode Island river herring
stocks during seasonal migrations.

In summary, Rhode Island’s best available results are from river herring data collected at Gilbert Stuart
and Nonquit. The Buckeye Brook spawning stock size estimates, Pawcatuck River JAl data, and results
from the marine surveys are additional valued data sets. Gilbert Stuart and Nonquit have the best
available quantitative data sets and the longest run size time series. In the past the Division has used
the results from these two systems to gauge river herring stocks throughout the state and make
recommendations for regulatory changes. The JAI time series is short for both systems, but if continued
could provide useful information in the future. The Buckeye Brook spawning stock size estimates are
available, and will continue in the future. River herring have not been sampled for biological data and
no JAl's have been conducted. The Pawcatuck River spawning stock size estimates are still being
developed, therefore not included in this report. Sampling for biological characteristics has occurred but
is incomplete therefore not included. Pawcatuck River seine survey is available and there is a long time
series, but there are not any accurate spawning stock size estimates available to compare with. The
seine survey is used for American shad monitoring and therefore the river herring results were included
in this report. Marine trawl and seine surveys offer long time series which provide catch indices and
length frequency data. Results may be useful for tuning other models or indexing the broader river
herring populations in state waters (mixed-ocean stocks). In addition, the Division is continuing to
develop qualitative and quantitative assessments at remaining river herring runs throughout the state.

Future monitoring recommendations include:

1) Mandatory - Continue spawning stock size monitoring at Gilbert Stuart, Nonquit and Buckeye Brook
to extend the existing time series and evaluate the stock status. Continue sampling river herring for
biological data at Gilbert Stuart, Nonquit, and Pawcatuck River to determine age composition, growth
rates, percent repeat spawning, and mortality rates. Continue JAl survey at Gilbert Stuart, Nonquit, and
the Pawcatuck River to extend the existing time series. Begin utilizing video technology for estimating
run sizes on the Pawcatuck, Saugatucket, and Ten Mile River.

2) Recommended - Initiate JAI survey and adult biological sampling at Buckeye Brook. Continue
modifying the four-factor system to estimate the Pawcatuck River herring run size. Continue collecting
river herring data from the three marine surveys. Continue monitoring success of stocking program by
various sampling methods to determine spawning success.
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3) Desired- As new river systems are restored and river herring populations become established, set up
monitoring projects to determine spawning stock size, biological characteristics, and juvenile abundance
indices.

Towards a river herring restoration goal and stock recovery, the Rhode Island Division of Fish and
Wildlife will continue to monitor runs throughout the state, transplant adult broodstock into extirpated
or restored systems, work with partners on numerous fish passage projects, and represent the state at
regional meetings.
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Table 8.1

Rhode Island river herring regulation change summary.

Year Regulation Change

Prior to 1998 12 fish bag limit per person per day

1998 Part Il freshwater regulations — Increased bag limit to 24 fish per person per day

2002 Part Il freshwater regulations — Changed the freshwater/saltwater boundary at
Nonquit pond

2004 Part Il freshwater regulations — Closed Prince Pond to harvest and reduced bag limit
to 12 fish per person per day in Hardig and Buckeye Brook

2005 Part Il freshwater regulations — Reduced bag limit to 12 fish per person per day
statewide

2006 Part Il Rl freshwater regulations — Imposed moratorium in all fresh water systems;
Part 7.20 RI marine regulations — Imposed moratorium in all state marine waters
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Table 8.2 Alewife broodstock stocking summary.

Date Location Stocked Number Date Location Stocked Number
4/12/2001 |Bellville 2,500 4/21/2008 [Woonasquatucket 600
4/12/2001|Echo Lake 2,500 4/22/2008|Echo Lake 700
4/24/2001|Prince Pond 600 4/22/2008 | Brickyard Pond 300
4/25/2001 | Crossmills, Charlestown 1,200 4/23/2008 | Turner Reservoir 1,000
5/2/2001 |Warwick Pond, Warwick 1,000 5/5/2008 | Woonasquatucket 600
5/4/2001 | Crossmills, Charlestown 1,100 5/7/2008 | Blackstone 500
5/4/2001 [Hamilton Reservoir 1,100 2008 |Omega-volunteers lifting 3,000
4/9/2002 |Echo Lake 2,500 4/15/2009 | Indian Lake 1,000
4/11/2002|Bellville 2,500 4/17/2009 |Echo Lake 500
4/16/2002 [ Crossmills, Charlestown 600 4/17/2009 Brickyard Pond 500
4/17/2002 | Chapmans 1,000 4/22/2009 T urner Reservoir 1,000
4/17/2002 [ Crossmills, Charlestown 1,500 2009 |Omega-volunteers lifting 800
4/18/2002|Prince Pond 1,000 4/14/2010|Indian Lake 1,000
4/19/2002| T urner Reservoir 1,500 4/15/2010| Turner Reservoir 1,000
4/22/2002 | Watchaug Pond 250 4/16/2010 | Kickemuit 1,000
4/23/2002 | Wesquage 500 2011|Ten-mile 1,000
4/23/2002|Wordon's Pond 500 2011|Kickemuit 1,000
4/26/2002 | T urner Reservoir 1,500 2011|Indian Lake 1,300
5/1/2002 | Wesquage 600 2011 |Watchaug Pond 300
4/15/2003 | T urner Reservoir 1,200 2011 |Woonasquatucket 600
4/17/2003 | T urner Reservoir 2,250 4/9/2012 |Kickemuit 1,000
4/16/2003|Echo Lake 2,500 4/9/2012 |Blackstone 1,000
4/22/2003|Factory Pond 2,500 4/10/2012 (Worden Pond 700
4/24/2003|Belleville 2,500 4/10/2012 [Woonasquatucket A.Mills 1,000
4/28/2003 | Wesquage 1,000 4/11/2012 (Worden Pond 900
4/29/2003|Prince Pond 700 4/12/2012 |Pawtuxet River 1,000
5/1/2003 Chapmans 200 4/12/2012 | Watchaug Pond 1,450
5/6/2003 [Crossmills, Charlestown 800 4/16/2012 |Worden Pond 1,400
5/8/2003 | Warwick Pond, Warwick 750 4/16/2012 [Watchaug Pond 1,600
4/15/2004 | T urner Reservoir 1,500 4/17/2012 [Hunts River 1,000
4/20/2004 | T urner Reservoir 1,500 4/17/2012 [Chapman Pond 1,000
4/13/2004|Echo Lake 2,300 4/18/2012|Blackstone 250
4/13/2004|Prince Pond 200 4/24/2012 [Blackstone 1,000
4/15/2004 | Belleville 2,500 4/9/2013|Worden Pond 1,300
4/20/2004 | Indian Lake 2,500 4/10/2013 |Worden Pond 1,410
4/21/2004 |Warwick Pond, Warwick 750 4/10/2013 T urner Reservoir 1,000
4/22/2004 | Crossmills, Charlestown 750 4/11/2013 |Kickemuit 1,000
4/23/2004 | Crossmills, Charlestown 500 4/15/213|Worden Pond 230
4/23/2004 | Factory Pond 1,500 4/17/2013 |Pawtuxet River 1,000
4/28/2004|Wordon's Pond 1,000 4/17/2013 [Watchaug Pond 1,400
4/28/2004 | Wesquage 400 4/18/2013 [Pawtuxet River 1,000
4/20/2005 | Brickyard Pond 1,000 4/18/2013 | Watchaug Pond 700
4/20/2005|Echo Lake 660 4/22/2013 [Watchaug Pond 400
4/21/2005|Belleville 1,660 4/25/2013 [Woonasquatucket 1,000
4/18/2005|Prince Pond 200 4/25/2013|Bellville 700
4/19/2005 | Factory Pond 1,000 4/25/2013 [Secret Lake 300
4/22/2005|Crossmills, Charlestown 600 4/14/2014|Worden Pond 1,500
4/25/2005 | Wesquage 250 4/14/2014|Watchaug Pond 1,400
4/29/2005 | Wesquage 200 4/15/2014 [T urner Reservoir 1,000
4/26/2005| T urner Reservoir 1,000 4/15/2014 |Worden Pond 1,300
4/13/2006 |Echo Lake 500 4/17/2014 | Kickemuit 1,000
4/13/2006 |Brickyard Pond 500 4/21/2014 [Watchaug Pond 400
4/14/2006 | Factory Pond 1,000 4/22/2014 [Factory Pond 1,100
4/18/2006 | Belleville 700 4/23/2014 |Pawtuxet River 1,000
4/21/2006 | Indian Lake 1,000 4/29/2014 [Woonasquatucket 1,000
4/28/2006 | Crossmills, Charlestown 350 4/16/2015 | Kickemuit 1,000
4/28/2006 | Wesquage 350 4/21/2015| T urner Reservoir 1,000
4/17/2007 |Echo Lake 300 4/22/2015 |Pawtuxet River 1,000
4/17/2007 Brickyard Pond 300 4/23/2015 [Woonasquatucket 1,000
4/23/2007 | Indian Lake 1,400 4/27/2015|Worden Pond 750
4/24/2007 | Kickemuit 200 4/29/2015 |Pawtuxet River 1,000
4/24/2007 | Kickemuit 100 4/30/2015 |Potowamut 1,000
4/15/2008 | Indian Lake 1,000 5/1/2015|Watchaug Pond 400
4/18/2008 | Kickemuit 350
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Table 8.3

River herring spawning stock size estimates based on habitat size (Gibson 1984).

Estimated
Spawning
Location .
Stock Size
Gilbert Stuart
Habitat Size 64,306
68 acres
Nonquit
Habitat Size 138,248
202 acres
Buckeye Brook
Habitat Size 78,923
91 acres

Actual 2004-2007 | Actual 2008-2010
Mean Spawning
Spawning Stock Spawning Stock Stock Size
Size Size
20,440 67,921 68,261
50,473 104,288 52,131
12,933 24,875 35,946
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Table 8.4

Mean fork length (mm) at age for female river herring sampled at Gilbert Stuart.

Mean Fork Length-at-Age
Annual
Year 2 3 4 5 6 7 N Mean FL
1984 221.8 165.7 292.3 309.7 321.4 333.0 138.0 265.7
1985 232.4 271.3 296.9 307.3 323.0 334.5 35.0 266.5
1986 302.8 304.5 320.4 326.3 74.0 273.3
1987
1988 240.0 269.0 284.0 311.0 317.0 331.0 81.0 260.2
1989 273.0 286.0 299.0 318.0 324.0 115.0 256.3
1990 286.0 293.0 308.0 17.0 259.6
1991 Data Not Available 42.0 250.0
Not
1992 259.9 2719 302.6 3114 320.0 Available 249.1
1993
1994
1995
1996
1997
1998
1999
2000 229.8 241.4 245.5 260.0 58.0 242.2
2001 224.5 233.3 241.6 244.4 252.0 47.0 251.8
2002 237.7 246.8 249.0 260.5 42.0 255.9
2003 242.0 250.8 255.3 263.3 29.0 254.7
2004 215.0 237.0 242.0 257.0 66.0 231.6
2005 212.0 233.0 251.0 241.0 82.0 239.0
2006 227.0 237.0 255.0 262.0 32.0 243.0
2007 239.0 244.0 278.0 39.0 242.3
2008 228.0 244.0 254.0 270.0 43.0 240.4
2009 233.0 239.0 237.0 30.0 234.5
2010 207.0 326.0 237.0 242.0 24.0 231.9
2011 234.0 240.9 248.7 256.1 62.0 246.3
2012 239.3 253.0 270.0 17.0 246.8
2013 230.0 240.1 251.2 267.3 270.0 30.0 247.7
2014 241.3 255.1 258.0 26.0 247.9
2015 Data Not Available
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Table 8.5

Mean fork length (mm) at age for male river herring sampled at Gilbert Stuart.

Mean Fork Length-at-Age
Annual
Year 2 3 4 5 6 7 N Mean FL
1984 224.2 264.9 287.4 297.6 75.0 251.5
1985 224.4 260.9 279.4 295.0 305.3 41.0 252.3
1986 261.0 287.3 292.0 301.5 43.0 256.2
1987
1988 238.0 262.0 278.0 299.0 310.0 122.0 236.0
1989 263.0 278.0 288.0 317.0 318.0 111.0 250.9
1990 283.0 291.0 15.0 252.2
1991 Data Not Available 89.0 231.9
Not
1992 239.5 251.3 268.1 291.3 302.5 Available 226.6
1993
1994
1995
1996
1997
1998
1999
2000 2209 235.1 231.3 43.0 232.3
2001 231.0 246.5 254.1 253.3 101.0 241.2
2002 222.8 230.1 238.1 244.2 99.0 234.3
2003 231.7 241.2 248.1 245.0 75.0 239.5
2004 206.0 219.0 233.0 240.0 53.0 224.6
2005 211.0 215.0 232.0 233.0 42.0 224.9
2006 209.0 221.0 224.0 241.0 245.0 100.0 225.8
2007 220.0 227.0 234.0 110.0 225.8
2008 216.0 227.0 236.0 237.0 94.0 225.8
2009 201.0 208.0 227.0 235.0 226.0 67.0 228.9
2010 216.0 221.0 226.0 231.0 85.0 223.8
2011 202.0 222.4 232.1 237.8 171.0 230.1
2012 222.0 231.0 239.7 245.0 28.0 231.1
2013 219.0 223.7 230.2 239.0 29.0 229.4
2014 234.0 237.4 244.4 54.0 238.2
2015 Data Not Available
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Table 8.6 Number and percent at age for female river herring sampled at Gilbert Stuart.
Number-at-Age Percent-at-Age
Mean

Year 2 3 4 5 6 7 Total Age 2 3 4 5 6 7
1984 12 70 40 15 1 138 4.4 0.0% 87% 50.7% 29.0% 10.9% 0.7%
1985 6 17 4 6 2 35 4.5 0.0% 17.1% 48.6% 11.4% 17.1% 5.7%
1986 13 35 18 7 73 5.3 0.0% 0.0% 17.8% 47.9% 24.7% 9.6%
1987

1988 1 27 9 22 17 5 81 4.5 1.2% 333% 11.1% 27.2% 21.0% 6.2%
1989 6 60 39 7 2 114 4.5 0.0% 53% 52.6% 34.2% 6.1% 1.8%
1990 8 9 17 4.5 0.0% 0.0% 47.1% 52.9% 0.0% 0.0%
1991

1992

1993

1994

1995

1996

1997

1998

1999

2000 5 34 17 2 58 4.3 0.0% 8.6% 58.6% 29.3% 3.4% 0.0%
2001 1 11 32 3 47 4.8 0.0% 21% 23.4% 68.1% 6.4% 0.0%
2002 11 13 14 4 42 4.3 0.0% 26.2% 31.0% 33.3% 9.5% 0.0%
2003 1 17 7 4 29 4.5 0.0% 34% 58.6% 24.1% 13.8% 0.0%
2004 11 37 17 1 66 4.1 0.0% 16.7% 56.1% 25.8% 1.5% 0.0%
2005 19 9 18 36 82 4.9 0.0% 23.2% 11.0% 22.0% 43.9% 0.0%
2006 9 7 10 6 32 4.4 0.0% 28.1% 21.9% 31.3% 18.8% 0.0%
2007 30 8 1 39 4.3 0.0% 0.0% 76.9% 20.5% 2.6% 0.0%
2008 16 23 3 1 43 4.7 0.0% 0.0% 37.2% 53.5% 7.0% 2.3%
2009 16 13 1 30 4.5 0.0% 0.0% 53.3% 43.3% 3.3% 0.0%
2010 1 10 12 1 24 4.5 0.0% 42% 41.7% 50.0% 42% 0.0%
2011 O 1 25 28 8 0 62 4.7 0.0% 1.6% 403% 452% 12.9% 0.0%
2012 O 0 9 7 1 0 17 4.5 0.0% 0.0% 52.9% 41.2% 5.9% 0.0%
2013 O 1 15 9 4 1 30 4.6 0.0% 3.3% 50.0% 30.0% 13.3% 3.3%
2014 O 0 14 10 2 0 26 4.5 0.0% 0.0% 53.8% 385% 7.7% 0.0%
2015
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Table 8.7 Number and percent at age for male river herring sampled at Gilbert Stuart.
Number-at-Age Percent-at-Age
Mean

Year 2 3 4 5 6 7 Total Age 2 3 4 5 6 7
1984 3 17 41 14 75 3.1 4.0% 22.7% 54.7% 18.7% 0.0% 0.0%
1985 17 9 12 3 41 4.0 0.0% 41.5% 22.0% 58.5% 7.3% 0.0%
1986 2 6 24 11 43 5.0 0.0% 4.7% 14.0% 55.8% 25.6% 0.0%
1987

1988 2 90 13 10 7 122 3.4 1.6% 73.8% 10.7% 8.2% 5.7% 0.0%
1989 16 70 22 1 2 111 3.3 0.0% 144% 63.1% 19.8% 0.9% 1.8%
1990 2 10 3 15 5.1 0.0% 0.0% 133% 66.7% 20.0% 0.0%
1991

1992

1993

1994

1995

1996

1997

1998

1999

2000 7 30 6 43 4.0 0.0% 16.3% 69.8% 14.0% 0.0% 0.0%
2001 2 16 52 30 1 101 4.1 2.0% 15.8% 51.5% 29.7% 1.0% 0.0%
2002 4 49 33 13 99 3.6 4.0% 49.5% 33.3% 13.1% 0.0% 0.0%
2003 20 45 9 1 75 3.9 0.0% 26.7% 60.0% 12.0% 13% 0.0%
2004 7 20 22 4 53 3.4 132% 37.7% 41.5% 7.5% 0.0% 0.0%
2005 2 8 6 26 42 3.9 4.8% 19.0% 143% 61.9% 0.0% 0.0%
2006 3 28 52 16 1 100 3.8 3.0% 28.0% 52.0% 16.0% 1.0% 0.0%
2007 28 71 11 110 3.9 255% 64.5% 10.0% 10.0% 0.0% 0.0%
2008 26 44 23 1 94 4.0 0.0% 27.7% 46.8% 24.5% 1.1% 0.0%
2009 1 4 42 19 1 67 4.2 1.5% 6.0% 62.7% 28.4% 1.5% 0.0%
2010 5 30 42 8 85 3.6 5.9% 353% 49.4% 9.4% 0.0% 0.0%
2011 4 35 111 21 0 0 171 3.9 2.3% 20.5% 64.9% 12.3% 0.0% 0.0%
2012 O 8 12 7 1 0 28 4.0 0.0% 28.6% 42.9% 25.0% 3.6% 0.0%
2013 1 7 17 4 0 0 29 3.8 3.4% 24.1% 58.6% 13.8% 0.0% 0.0%
2014 O 3 43 8 0 0 54 4.1 0.0% 56% 79.6% 14.8% 0.0% 0.0%
2015
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Table 8.8 Summary of Gilbert Stuart river herring data between 1980 and 2015.
Mean Mean Mean Percent
Sex Ratio Mean Age Age Length Length Repeat
Year Population Size | N Sampled | (% Female) (Male) (Female) (Male) (Female) | Spawner
1980 54,042 58.9 4.93 5.09 261.0 272.0
1981 64,297 42.6 4.71 4.98 252.9 265.8
1982 88,194 24.0 4.50 4.97 255.8 272.0
1983 68,919 57.8 4.26 4.62 244.2 264.0
1984 52,873 213 64.8 3.13 4.46 251.5 265.7 22.0
1985 56,224 76 46.0 4.02 4.45 252.3 266.5 28.9
1986 51,986 107 439 5.02 5.26 256.2 273.3 66.7
1987 50,893 4.16 5.29 275.8 304.4 66.7
1988 74,324 203 39.9 3.43 4.52 236.0 260.2 32.5
1989 89,577 226 50.9 3.33 4.46 250.9 256.3 28.3
1990 11,009 32 53.1 5.07 4.53 252.2 259.6 50.0
1991 21,540 131 32.1 3.37 3.97 231.9 250.0 23.3
1992 32,384 3.52 4.56 226.6 249.1 26.3
1999 259,336
2000 290,814 101 57.4 3.98 4.28 232.3 242.2 18.8
2001 254,948 148 31.8 4.12 4.79 313.5 251.8 20.3
2002 152,056 141 29.8 3.56 4.26 234.3 255.9 17.0
2003 67,172 104 27.9 3.88 4.48 239.5 254.7 7.7
2004 16,960 119 55.5 3.43 4.12 224.6 231.6 8.4
2005 7,776 124 66.1 3.90 4.87 224.9 239.0 5.0
2006 21,600 132 24.2 3.84 4.41 225.8 243.0 15.9
2007 36,864 149 26.2 3.86 4.26 225.8 242.3 7.4
2008 58,640 137 31.4 3.99 4.74 225.8 240.4 19.9
2009 34,835 97 30.9 4.22 4.50 228.9 234.5 10.3
2010 110,287 109 22.0 3.62 4.54 223.8 231.9 7.3
2011 64,500 223 26.7 3.87 4.69 230.1 246.3 16.4
2012 107,901 45 37.8 4.04 4.53 231.1 246.8 15.6
2013 91,240 59 50.9 3.83 4.63 229.4 247.7 25.4
2014 102,408 80 32.5 4.09 4.54 238.2 247.9 15.0
2015 11,135
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Table 8.9

Mean fork length (mm) at age for female river herring sampled at Nonquit.

Mean Fork Length-at-Age

Annual
Year 3 4 5 6 7 N Mean FL
2000 227.2 237.8 244.2 244.8 66.0 239.0
2001 238.5 246.0 250.8 256.5 79.0 248.0
2002 237.7 246.8 249.0 260.5 71.0 248.0
2003 242.0 250.8 255.3 263.3 79.0 252.3
2004 228.0 245.9 256.4 260.7 54.0 234.6
2005 219.0 228.0 237.0 243.0 92.0 230.9
2006 221.0 234.0 237.0 46.0 231.2
2007 228.0 242.0 244.0 253.0 55.0 2421
2008 227.0 235.0 241.0 244.0 64.0 238.9
2009 222.0 230.0 241.0 244.0 248.0 61.0 235.9
2010 No Data Available: No Sampling Done
2011 237.5 247.0 252.8 2525 31.0 243.7
2012 225.7 235.1 244.8 251.3 263.0 57.0 239.4
2013 235.0 247.7 252.8 263.0 260.0 25.0 251.9
2014 246.1 2535 270.1 67.0 2515
2015 244.5 259.0 263.3 44.0 257.1
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Table 8.10

Mean fork length (mm) at age for male river herring sampled at Nonquit.

Mean Fork Length-at-Age

Annual
Year 2 3 4 5 6 7 N Mean FL
2000 226.6 2331 241.7 77.0 231.0
2001 2235 233.6 240.0 2434 251.0 76.0 238.0
2002 223.8 233.8 237.8 241.8 74.0 235.0
2003 233.2 241.4 246.1 64.0 238.6
2004 234.7 240.6 2445 74.0 224.7
2005 208.0 214.0 232.0 229.0 50.0 221.8
2006 210.0 220.0 222.0 236.0 242.0 97.0 221.8
2007 221.0 230.0 235.0 234.0 85.0 229.1
2008 215.0 223.0 228.0 236.0 85.0 2235
2009 217.0 225.0 230.0 237.0 232.0 74.0 226.1
2010 No Data Available: No Sampling Done
2011 226.0 2325 241.0 237.0 44.0 234.7
2012 217.4 228.4 237.2 2455 90.0 230.1
2013 209.0 230.8 233.9 239.9 49.0 2334
2014 232.0 239.0 249.7 77.0 240.6
2015 2421 245.8 247.0 43.0 244.0
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Table 8.11 Number and percent at age for female river herring sampled at Nonquit.
Number-at-Age Percent-at-Age
Mean

Year 2 3 4 5 6 7 Total Age 2 3 4 5 6 7
2000 9 39 13 5 66 4.21 0.0% 13.6% 59.1% 19.7% 7.6% 0.0%
2001 6 42 25 6 79 4.39 0.0% 7.6% 53.2% 31.6% 7.6% 0.0%
2002 7 33 25 6 71 4.42 0.0% 9.9% 46.5% 35.2% 8.5% 0.0%
2003 1 33 37 8 79 4.66 0.0% 13% 41.8% 46.8% 10.1% 0.0%
2004 2 33 16 3 54 4.37 0.0% 3.7% 61.1% 29.6% 5.6% 0.0%
2005 12 14 32 34 92 4.96 0.0% 13.0% 15.2% 34.8% 37.0% 0.0%
2006 12 25 9 46 3.93 0.0% 26.1% 54.3% 19.6% 0.0% 0.0%
2007 2 41 10 2 55 4.22 0.0% 3.6% 745% 18.2% 3.6% 0.0%
2008 2 18 32 12 64 4.84 0.0% 3.1% 28.1% 50.0% 18.8% 0.0%
2009 3 25 25 6 2 61 4.66 0.0% 49% 41.0% 41.0% 9.8% 3.3%
2010 No Data Available: No Sampling Done

2011 0 15 9 5 2 31 4.81 0.0% 0.0% 48.4% 29.0% 16.1% 6.5%
2012 3 33 12 8 1 57 4.49 0.0% 53% 57.9% 21.1% 14.0% 1.8%
2013 2 7 11 4 1 25 4.80 0.0% 8.0% 28.0% 44.0% 16.0% 4.0%
2014 0 34 26 7 O 67 4.60 0.0% 0.0% 50.7% 38.8% 10.4% 0.0%
2015 0 8 29 7 0 44 4.98 0.0% 0.0% 18.2% 65.9% 159% 0.0%
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Table 8.12 Number and percent at age for male river herring sampled at Nonquit.
Number-at-Age Percent-at-Age
Mean

Year 2 3 4 5 6 7 Total Age 2 3 4 5 6 7
2000 31 39 7 77 3.69 0.0% 40.3% 50.6% 9.1% 0.0% 0.0%
2001 2 21 44 8 1 76 3.80 2.6% 27.6% 57.9% 10.5% 13% 0.0%
2002 6 32 31 5 74 3.47 8.1% 43.2% 41.9% 6.8% 0.0% 0.0%
2003 22 33 9 64 3.80 344% 51.6% 51.6% 14.1% 0.0% 0.0%
2004 27 41 6 74 3.72 36.5% 55.4% 55.4% 8.1% 0.0% 0.0%
2005 5 9 6 30 50 4.22 10.0% 18.0% 12.0% 60.0% 0.0% 0.0%
2006 2 50 37 7 1 97 3.54 2.1% 51.5% 38.1% 7.2% 1.0% 0.0%
2007 13 58 11 3 85 4.05 0.0% 153% 68.2% 12.9% 3.5% 0.0%
2008 13 50 17 5 85 4.16 0.0% 153% 58.8% 20.0% 5.9% 0.0%
2009 8 40 23 2 1 74 4.30 0.0% 10.8% 54.1% 31.1% 2.7% 1.4%
2010 No Data Available: No Sampling Done

2011 0 5 23 15 1 0 44 4.27 0.0% 114% 523% 341% 23% 0.0%
2012 0 9 56 21 4 O 90 4.22 0.0% 10.0% 62.2% 233% 4.4% 0.0%
2013 2 8 31 8 0 O 49 3.92 4.1% 16.3% 63.3% 16.3% 0.0% 0.0%
2014 0 10 49 18 0 O 77 4.10 0.0% 13.0% 63.6% 23.4% 0.0% 0.0%
2015 0 O 22 19 2 O 43 4.53 0.0% 0.0% 51.2% 442% 4.7% 0.0%
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Table 8.13

Summary of Nonquit river herring data sampled from 2000-2015.

Sex Ratio Mean Mean Mean Mean Percent
Population (% Age Age Length Length Repeat

Year Size N Sampled Female) (Male) (Female) | (Male) | (Female) | Spawner
2000 185,524 143 46.2 3.69 4.21 231.0 239.0 14.0
2001 129,518 155 51.0 3.80 4.39 238.0 248.0 10.3
2002 97,444 145 49.0 3.47 4.42 235.0 248.0 9.0
2003 74,998 143 55.2 3.80 4.66 238.6 252.3 154
2004 25,417 128 42.2 3.72 4.37 224.7 234.6 4.7
2005 42,192 142 64.8 4.22 4.96 221.8 230.9 6.4
2006 74,902 143 32.2 3.54 3.93 221.8 231.2 21
2007 59,380 140 39.3 4.05 4.22 229.1 2421 5.3
2008 224,506 149 43.0 4.16 4.84 2235 238.9 18.8
2009 49,841 135 45.2 4.30 4.66 226.1 235.9 17.0
2010 38,516 No Data
2011 30,126 75 40.8 4.27 4.81 234.7 243.7 171
2012 60,132 147 38.8 4.22 4.49 230.1 239.4 8.2
2013 52,563 74 33.8 3.92 4.80 233.4 251.9 24.3
2014 71,501 144 46.5 4.10 4.60 240.6 2515 14.6
2015 32,330 87 57.1 4.53 4.98 244.0 257.1 33.8
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Table 8.14 NMFS reported river herring commercial landings (1950-2010).

Year | Haul seines [ Pound net| Fyke & Hoopnets| Trawm | Hand Lines | Fish Pots | Total (pounds)| Total (kg)
1950 157,000 155,100 312,100 141,542
1951 104,300 801,500 905,800 410,794
1952 163,000 17,300 600 180,900 82,041
1953 184,300 31,300 700 216,300 98,095
1954 13,400 3,200 400 17,000 7,710
1955 2,400 43,700 46,100 20,907
1956 54,500 54,500 24,717
1957 29,300 29,300 13,288
1958 11,400 11,400 5,170
1959 301,300 39,300 340,600 154,467
1960 0 0
1961 0 0
1962 0 0
1963 112,000 17,300 129,300 58,639
1964 | 140,000 140,000 63,492
1965| 210,000 210,000 95,238
1966 189,000 3,500 192,500 87,302
1967 175,000 10,500 185,500 84,127
1968| 168,000 22,000 190,000 86,168
1969| 196,000 18,900 214,900 97,460
1970 102,200 23,800 17,600 143,600 65,125
1971] 52,500 100 52,600 23,855
1972| 34,000 34,000 15,420
1973] 15,100 15,100 6,848
1974 34,000 2,000 100 36,100 16,372
1975] 35,500 6,000 41,500 18,821
1976 31,200 2,800 34,000 15,420
1977] 32,500 2,800 35,300 16,009
1978 24,000 2,200 26,200 11,882
1979 5,500 6,200 11,700 5,306
1980 5,000 2,400 7,400 3,356
1981 0 0
1982 4,800 4,800 2,177
1983 6,100 6,100 2,766
1984 900 900 408
1985 400 400 181
1986 0 0
1987 2,600 2,600 1,179
1988 0 0
1989 0 0
1990 0 0
1991 0 0
1992 0 0
1993 0 0
1994 0 0
1995 400 3 403 183
1996 750 750 340
1997 0 0
1998 0 0
1999 0 0
2000 574 574 260
2001 0 0
2002 12 12 5
2003 Moratorium After 2002
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Table 8.15 Spawning stock size estimates for river herring at Gilbert Stuart, Nonquit and Buckeye
Brook.

Gilbert Stuart Nonquit Buckeye Brook

Year | Alewives Year Alewives Year | Alewives

1981 | 64,297
1982 | 88,194
1983 | 68,919
1984 | 17,337
1985 | 16,492
1986 | 48,011
1987 | 50,893
1988 | 74,324
1989 | 89,577
1990 | 11,009
1991 | 21,540
1992 | 32,384
1993 | 21,754
1994 | 43,342
1995 | 95,331
1996 | 70,904
1997 | 122,720
1998 | 262,315

1999 | 259,336 1999 230,853

2000 | 290,814 2000 185,524

2001 | 254,948 2001 129,518

2002 | 152,056 2002 97,444

2003 | 67,172 2003 74,998 2003 | 38,949
2004 | 15,376 2004 25,417 2004 | 5,010
2005 | 7,776 2005 42,192 2005 | 18,707
2006 | 21,744 2006 74,902 2006 | 9,428
2007 | 36,864 2007 59,380 2007 | 18,587
2008 | 58,640 2008 224,506 2008 | 34,629
2009 | 34,835 2009 49,841 2009 | 31,697
2010 | 110,287 2010 38,516 2010 | 8,299
2011 | 64,500 2011 30,126 2011 | 50,517
2012 | 107,901 2012 60,132 2012 | 90,625
2013 | 91,240 2013 52,563 2013 | 45,244
2014 | 102,408 2014 71,501 2014 | 47,263
2015 | 11,135 2015 32,330 2015 | 15,333
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Table 8.16

Trawl survey length frequency data collected for river herring (1996-2015).

Length| 1996 1997(1998]|1999]| 2000| 2001| 2002| 2003| 2004| 2005| 2006| 2007| 2008(2009]|2010| 2011| 2012|2013| 2014| 2015
2 1 1
3 11 9 11 1 1
41 114 3 71 19 14 19 49 46 7 1 36| 119] 20
5| 243 71 24| 36 29 51 197 2 66 33| 48] 57| 20 1 2
6] 122 6 3| 65 97 7 41 59 4 1 1 30 271 20| 146
7 12 7 54 20 1 1 10 1 2 237 449 3| 120
8 6 8 16 3 3| 13| 745]| 1059 2 39
9 2 6 1 4 709 646 20 183
10 1 1 1 1 411] 507| 21| 208| 105
11 2 1 986 782 3| 354] 1169
12 1 1481] 898 42| 451] 1433
13 1823| 2242 88| 373| 988
14 1188| 3698 99| 392 220
15 1 550( 902| 51| 122 26
16 262 219 20 4
17 126| 108 2 2
18 22 73 7 1 11
19 23 41 1 1 1
20 22 54
21 6 11 22 1 1
22 17 16 24 1 1
23 1l 29 19 60
24 3 27 10| 33 1
25 4 8 9 10 1
26 5 4 3
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Table 8.17 Gilbert Stuart and Nonquit juvenile river herring mean catch rates.

Gilbert Stuart Catch/Hr SE
1988 112.07 46.81
1989 79.13 40.26
1990 152.25 71.34
1991 163.3 59.5
1992 3433 125.3
2007 94.9 86.5
2008 97.25 75.54
2009 6.6 4.47
2010 10.89 6.79
2011 12.11 8.84
2012 16.53 9.78
2013 1.53 1.45
2014 189.81 90.28
2015 223.96 137.38

Nonquit Catch/Hr SE
2001 161.25 83.4
2002 66.57 7.9
2003 415.04 242.58
2004 2,110.33 1,906.33
2005 887.91 451.73
2006 62.39 40.8
2007 110.15 71.49
2008 2,219.58 1,954.64
2009 40.67 9.59
2010 31.87 25.57
2011 578.32 485.64
2012 400.65 410.36
2013 32.35 33.35
2014 40,293.90 | 39,979.90
2015 265 234.93
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Table 8.18

Pawcatuck River JAI results for river herring (1993-2010).

T R s e I A R
1993 35 520 0.37 -0.05 0.97 28 7.09 1.23
1994 25 43 0.31 -0.07 0.85 22 1.72 1.34
1995 30 240 0.9 0.14 2.17 23 8 4.21
1996 30 145 0.31 -0.08 0.87 26 4.83 4.6
1997 40 5 0.08 -0.02 0.18 35 0.13 0.09
1998 55 1122 1.51 0.63 2.87 36 20.4 12.57
1999 45 10 0.18 0.05 0.32 38 0.43 0.09
2000 65 527 2.03 1.2 3.17 27 8.11 1.01
2001 65 35 0.21 0.06 0.39 56 0.54 0.23
2002 50 500 2.34 1.3 3.86 19 19.61 10.47
2003 54 226 0.67 0.24 1.24 41 4.19 2.13
2004 60 533 1.43 0.68 2.5 37 8.88 4.09
2005 57 27 0.08 -0.04 0.22 54 0.47 0.44
2006 67 184 0.27 0.03 0.55 60 2.75 2.02
2007 70 186 0.3 0.05 0.61 62 2.66 1.44
2008 60 10 0.08 -0.01 0.17 56 0.17 0.11
2009 60 0 0 0 0 60 0 0
2010 55 17 0.15 0.03 0.28 48 0.309 0.15
2011 60 12 0.067 -0.026 0.169 58 0.2 0.13
2012 70 11 0.05 -0.026 0.122 68 0.16 0.14
2013 70 81 0.13 -0.13 0.31 66 1.16 0.14
2014 65 141 0.29 0.054 0.58 56 2.17 1.29
2015 60 205 0.74 0.31 1.31 45 3.42 1.12
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