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Abstract
The alewife and the blueback herring, collectively known as river herring, were once abundant
along most of the Atlantic coast of the United States but have declined significantly throughout
their range. River herring populations have been impacted by multiple factors including direct
harvest, reduced habitat quantity and quality, predation, and incidental catch at sea. Management
and conservation of river herring has been particularly difficult due to their unique life history, as
they migrate long distances at sea and return to freshwater river systems each spring to
reproduce.
In the course of their migrations alewives and blueback herring cross through several
management jurisdictions and face many threats at varying spatial scales in a variety of different
habitat types. In response to population declines, fishing effort in state waters has been severely
restricted, but river herring bycatch in at-sea fisheries remains a largely undocumented but
presumably significant and unmanaged source of mortality. This project is an assessment of the
challenges of inter-jurisdictional, multi-scale management of river herring, with a focus on the
problem of river herring bycatch as an inter-jurisdictional fisheries management issue. This
report additionally provides recommendations toward a coordinated strategy for the ongoing
development of river herring bycatch mitigation measures.
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Introduction
The alewife (Alosa pseudoharengus) and
the blueback herring (Alosa aestivalis) are two
closely related species of fish collectively
referred to as “river herring.” Also known as
“gaspereau” in Canada, their combined range
along the Atlantic coast stretches from Nova
Scotia and New Brunswick down to northern
Florida. Due to similarities between the two
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species in appearance, life history, and migrations, blueback herring and alewives are typically
managed together (Loesch 1987).
River herring are anadromous, spending the majority of their adult life at sea and
returning to reproduce in rivers along much of the Atlantic coast of the United States. Both
species have historically returned to nearly every accessible river throughout their range, and
have supported important commercial, recreational and subsistence fisheries for several hundred
years. In the course of their long migrations, alewives and blueback herring play a vital role in
marine, estuarine, and freshwater ecosystems, leaving inland streams to travel long distances up
and down the coast and back to the river systems in which they were hatched. Along their
migration paths, river herring face a multitude of natural and anthropogenic threats such as
habitat alteration and overfishing, the combination of which has put significant pressure on
populations throughout their range.
River herring runs in most areas have declined dramatically, but successful conservation
and management of these species has been confounded by the complexity of their life history,
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including their migrations across different management jurisdictions at the local, state, and
federal levels. In response to declining populations, many state agencies have closed or
significantly restricted fisheries for river herring in the last decade. As of January 2012, the vast
majority of commercial and recreational fisheries for alewives and blueback herring in state
waters are now closed indefinitely (Atlantic States Marine Fisheries Commission 2009a).
Despite these restrictions in state waters, major sources of mortality for vulnerable river
herring populations remain in many different habitats, including mortality caused by incidental
catch in at-sea fisheries targeting other species. Because these fisheries occur primarily in federal
waters, the management and conservation efforts of state and local jurisdictions may be
undermined if federal fisheries managers do not act to limit this river herring bycatch. Increased
coordination between local, state, inter-state, and federal agencies and organizations is needed to
develop a comprehensive, coordinated strategy for limiting bycatch and other threats in order to
effectively manage and conserve river herring populations.

River Herring Population Declines
River herring populations have declined significantly from historic levels throughout
their range, and the National Oceanic and Atmospheric Administration officially listed the two
species as “Species of Concern” in 2006 (National Marine Fisheries Service 2009a). Coast-wide
fisheries data reveal declines in commercial landings of over 90% since the mid-1980s (Figure
2). Among river systems where run-specific or other localized monitoring data is available, most
show similar trends of significant decreases in abundance (See: Hightower et al. 1996; Schmidt
et al. 2003).
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Figure 2: Reported coast-wide commercial landings of alewives, 1950 - 2009. Data: National Marine Fisheries Service,
Fisheries Statistics Division, personal communication.

In some locations where individual fish can be counted migrating upriver, records show
that returns have declined by as much as 99% over the past several decades (Schick Kenney et al.
2007). A 1990 coast-wide stock assessment revealed that river herring in many systems were
experiencing overfishing or had been overfished, and additionally many systems could be
categorized as severely depleted (Crecco and Gibson 1990). In 2005, a North Carolina statewide
stock assessment showed that the major populations in the Albemarle Sound area were
overfished and that overfishing was occurring (North Carolina Division of Marine Fisheries
2007).
A variety of threats have been blamed for river herring population declines (See below,
“Threats to River Herring Populations”). A particularly steep decline in in-river commercial
landings observed between 1967 and 1972 corresponds with a period of heavy directed fishing
for river herring off the coast of the United States by foreign trawling vessels. High river herring
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mortality associated with this at-sea fishery may be at least partially responsible for substantial
population reductions, possibly lowering population resilience in the face of other anthropogenic
and environmental threats. Other commonly-suggested contributing factors are overharvest in inriver fisheries, poor water quality, increasing predation pressure, inadequate access to suitable
spawning habitat, declines in habitat quality, and incidental catch of river herring in at-sea
fisheries targeting other species (ASMFC 2009a). Limited monitoring data and research for
many of these impacts has made it difficult to explicitly link them to river herring declines. It is
likely that poor health of river herring stocks is best explained by some combination of different
stressors faced in different environments.

River Herring Life History Complicates Management
River herring make long seasonal migrations across many different habitats, from
headwaters to lower coastal rivers and estuaries, then moving into to the ocean in both state and
federal waters. As they migrate, they cross into multiple management jurisdictions at different
levels of government, from local to federal. At these different levels of management and in
different locations, managing agencies may have substantially different goals and priorities for
the management of river herring, their habitat, interacting species, and related economic activity.
As a result, it has often been challenging to coordinate management and threat mitigation across
multiple jurisdictions at appropriate spatial and temporal scales, and conservation and
management efforts by one management body may be undermined by the activities of another
(See “River Herring Management Framework” for a map of management jurisdictions).
Management effort to date has largely been undertaken by state-level fisheries agencies,
and has been heavily concentrated on limiting mortality from commercial and recreational
fisheries in spawning rivers. State management and monitoring effort has been highly variable
among states, reflecting differences in the characteristics and significance of each state’s fishery,
!%!

ease of data collection in different systems, and differences in prioritization of available
resources for river herring monitoring and data collection.

River Herring Bycatch At Sea
Despite varied efforts to improve water quality, restrict fishing effort in freshwater, and
improve access to spawning habitat, the majority of river herring runs do not appear to be
recovering (ASMFC 2009a). In recent years frustrated fisheries managers, conservation groups,
and other stakeholders have focused increasing attention on the threat of incidental catch of river
herring in oceanic fisheries. Of particular concern are river herring bycatch events known to
occur in mid-water trawl fisheries targeting Atlantic herring, Atlantic mackerel, and squid off the
coast of New England and the mid-Atlantic (Schick Kenney et al 2007). Although river herring
migrations at sea are not well understood, they are thought to form schools in association with
these other species during portions of the marine phase of their life cycle. As a result, fishing
vessels targeting Atlantic herring, mackerel, or squid species sometimes unintentionally catch
river herring in their nets (ASMFC 2009a).
While available evidence suggests that these bycatch events are episodic and somewhat
rare, when they do occur, a single net tow can capture very high numbers of river herring -- in
some cases numbers equivalent to entire individual spawning runs (Cournane and Correia 2010).
As federal, state, and local agencies and organizations work to restore river herring spawning
habitat and limit in-river mortality, large bycatch events at sea may be partially negating these
efforts. Awareness of the extent of this problem has grown in recent years, and increased effort
has been put forth to develop management measures in these fisheries to limit river herring
bycatch. Addressing this problem successfully will require coordination between many different
managing entities and interest groups at all levels.
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Objectives and Methods
This project is an assessment of the challenges of inter-jurisdictional, multi-scale
management of river herring with a particular focus on coordinating across these dimensions to
mitigate the problem of incidental catch of river herring at sea. This project has three major
components, addressing the following sets of questions:

Management Framework for River Herring
Who has the authority and responsibility for managing river herring at each level of
government across their range? What are the major threats to their populations, and who has the
responsibility for management or mitigation at what scale? What roles do local, state, and federal
managing entities in different locations play in river herring management and conservation?

Challenges of Inter-Jurisdictional and Multi-Scale Management
What are the major challenges of managing river herring across multiple jurisdictions at
different spatial and temporal scales? To what degree do different actors coordinate management
and threat mitigation across these jurisdictional boundaries and scales?

Bycatch at Sea as an Inter-Jurisdictional Management Issue and Options for a
Coordinated Bycatch Mitigation Strategy
Why is river herring bycatch at sea an inter-jurisdictional management issue? How are
the Regional Fishery Management Councils and other management authorities addressing the
issue of bycatch at sea? How are different management agencies and stakeholders collaborating
and coordinating in this process? What are the best options for a coordinated bycatch mitigation
strategy?
To address these questions, I collected and analyzed peer-reviewed literature, grey
literature, and fishery management documents. Additionally, I spoke with fisheries biologists,
managers, and other stakeholders at multiple levels of government. Management documents
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were analyzed from the Atlantic States Marine Fisheries Commission, the Regional Fishery
Management Councils, individual state agencies, and other local and regional management
bodies. These documents included Fishery Management Plans or other plans, meeting
summaries, meeting transcripts, technical reports, inter-agency correspondence, and other
publicly available documents. Where appropriate, I also incorporated comments made by fishery
managers and biologists during public fisheries management meetings that I attended in person.
Peer-reviewed publications included literature on river herring biology and life history, literature
on multi-scale management and co-management of natural resources, and literature on issues of
bycatch in marine fisheries.

River Herring Background
Biophysical Ecology of River Herring
Alewives (Alosa pseudoharengus) and blueback herring (A. aestivalis) are two species
belonging to the family Clupeidae (menhadens, shad, herrings, and sardines) (Wilson 2007).
Both species are thin-bodied, silvery forage fish typically measuring about a foot long. They are
closely related to both the American shad (Alosa sapidissima) and the hickory shad (A.
mediocris), sharing some migration patterns and life history characteristics (ASMFC 2009a).
Although the two species have significant overlap in their ranges, alewives have a more
northern distribution, from Labrador and Newfoundland down to North Carolina. Once found as
far south as South Carolina, alewives are now considered extirpated from this area (ASFMC
2009a). Blueback herring are considered to be most abundant south of the Chesapeake Bay area,
but can be found from Nova Scotia and New Brunswick down to northern Florida (Figure 3)
(Haas-Castro 2006).
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Figure 3: Species ranges for alewife and blueback herring in the United States. Image source: http://www.estuaries.noaa.gov.
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River herring have a maximum life expectancy of about 7-10 years, and may reach up to
13-14 inches in length (Haas-Castro 2006). The two species are very similar in appearance,
particularly as juveniles when they may be impossible to distinguish without laboratory
processing. Physical differences between adults of the two species are somewhat more apparent,
but may not be obvious to the untrained observer. Blueback herring typically develop a blue
dorsal coloration, while alewives are typically greenish or grey in this area. Closer examination
additionally reveals differences in eye diameter, body depth, and color of the lining of the
abdominal cavity (Loesch 1987). Similarities in physical appearance between the two species
often make species-specific data collection and management difficult or impossible in locations
where they co-occur. For example, until the year 2000 landings records collected by the National
Marine Fisheries Service did not differentiate between alewives and blueback herring, recording
both species as “alewife” (ASFMC 2009a).

Spawning in Freshwater
Alewives and blueback herring return to coastal streams during the spring months to
spawn in freshwater. Because returns to spawning grounds are triggered by changes in water
temperature, the timing of these returns varies with latitude (Loesch 1987). Rivers to the south
experience herring runs as early as December, while populations in Maine and Canada will not
begin spawning until May or June. Spawning occurs within a time frame of several weeks for a
particular river, and alewives typically spawn several weeks before blueback herring where they
co-occur (ASMFC 2009a).
Evidence suggests that both species return to their natal rivers, although they have been
known to colonize new areas and re-colonize rivers from which they have been extirpated
(ASMFC 2009b). The degree of genetic distinction among runs is largely unknown, but it is
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thought that there is at least partial reproductive isolation among river herring from different
systems (NC DMF 2007). Genetic and otolith microchemistry studies are currently being
conducted to determine the scale of genetic variation among river herring populations (Eric
Palkovacs, Duke University, personal communication).
Available data suggests that river herring were historically seasonally present in nearly
every coastal river to which they had access (NC DMF 2007). Within a river system, river
herring are able to use a wide variety of habitat types for spawning, including main stem rivers,
streams, lakes, ponds, marshes, hardwood swamps, or flooded areas. Both species may spawn
over sand, gravel, detritus, rocks, or submerged vegetation, however, where they co-occur, the
two species tend to select different microhabitats for spawning in order to minimize competition.
Alewives typically spawn in slower-moving portions of rivers or in lakes and ponds, while
blueback herring prefer areas of faster flows (ASMFC 2009b).
Alewives and blueback herring may survive to spawn multiple times throughout their
lives. However, post-spawning mortality can be high, particularly in lower latitudes where
temperatures are warmer and migrations may be longer. Most populations south of North
Carolina are considered semelparous, dying after spawning only once (ASMFC 2009a).

Early Life History
River herring eggs typically hatch within 2 to 15 days (ASMFC 2009a), after which time
juveniles spend the remainder of the summer in freshwater tributaries or the lower portions of
rivers where they hatched. Juveniles migrate downstream in the fall, triggered by drops in water
temperature and possibly changes in river flow, precipitation, or light intensity. The first winter
is typically spent near the mouths of natal rivers, in bays, deep in estuaries, or in nearshore
marine environments. It is thought that alewives and blueback herring typically join adult
populations at sea after their first year (ASMFC 2009b).
!"#!

At-Sea Distribution and Ecology
River herring spend the majority of life at sea, typically spending two to four years in the
ocean before reaching sexual maturity at the age of 3 to 5. Relatively little information is
available describing the ecology, distribution, and movements of river herring at sea. Both
species appear to form large schools, and may mix or associate with other herring species
(ASFMC 2009b). River herring are most commonly found within 130 kilometers from shore
(ASMFC 2009a) at depths of 56 to 110 meters, influenced by the availability of zooplankton
prey (Neves 1981). At sea, the diet of blueback herring and alewives consists of ctenophores,
copepods, pelagic shrimps, small fish, amphipods and mysids (NC DMF 2007). Alewives are
typically found at greater depths than blueback herring, and may be better adapted to cooler
temperatures (Technical Committee 1997).
River herring are capable of migrating long distances, and available evidence suggests
they follow a North-South migration pattern off the Atlantic coast similar to that of American
shad. It is thought that herring migrate from offshore waters toward inshore areas north of Cape
Hatteras, at which point they turn either north or south to return to their natal rivers (Neves
1981). River herring migrations at sea appear to be driven by changes in temperatures (ASMFC
2009a), and possibly occur within particular isotherms (Stone and Jessop 1992).
In the spring, both species of river herring are widely distributed offshore from Cape
Hatteras to Nova Scotia (Figure 4). During the summer, river herring are thought to move
inshore and northward, and appear to be completely absent south of 40 degrees latitude during
the summer months (Neves 1981). Instead, they may be found concentrated in the eastern Gulf
of Maine, and in particular along the northern shore of the Bay of Fundy (Stone and Jessop
1992).
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Figure 4: Distribution of alewife and blueback herring, shown with cumulative percentages (75, 90, 95 and 100%) of the
geometric mean densities caught in Northeast Fisheries Science Center spring bottom trawl surveys, 1976-2010. Source:
MAFMC 2012, Draft Environmental Impact Statement for Amendment 14 to the Squid, Mackerel, Butterfish Fishery
Management Plan.

When water temperatures drop in the fall, river herring move offshore, concentrating
between 40 and 43 degrees latitude, where they stay until the spring (Figure 5). River herring can
be found year-round between Long Island and Georges Bank (Neves 1981).
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Figure 5: Distribution of alewife and blueback herring, shown with cumulative percentages (75, 90, 95 and 100%) of the
geometric mean densities caught in Northeast Fisheries Science Center fall bottom trawl surveys, 1976-2010. Source:
MAFMC 2012, Draft Environmental Impact Statement for Amendment 14 to the Squid, Mackerel, Butterfish Fishery
Management Plan.

Ecological Significance
River herring have historically been a vital component of freshwater, marine, and
estuarine ecosystems throughout their range. Alewife and blueback herring are consumed by a
variety of fish species, including striped bass, bluefish, tuna, cod, pollock, spiny dogfish, and
salmon; studies of striped bass have shown that a significant proportion of their diet is composed
of river herring during spring runs. Many marine mammals and birds also prey upon river
herring, including river otters, harbor porpoises, eagles, ospreys, cormorants, kingfishers, bald
eagles, and loons. River herring may also play a role as a host to native freshwater mussels via
their gills (ASMFC 2009b).
Additionally, river herring have historically been a significant source of marine-derived
nutrients to freshwater systems during their spring spawning runs, especially in more southern
!

"&!

populations where post-spawning mortality is higher. River herring can serve as an important
source of nutrients to Atlantic coastal systems by way of their carcasses, gametes, and excretions
(Durbin et al. 1979; Garman and Macko 1998).

Socioeconomic and Cultural Significance of River Herring
Fisheries for river herring are among the oldest known fisheries in North America, dating
back hundreds of years. Herring were historically important to several Native American tribes,
who may have taught early European settlers to use them as fertilizer (Bockian et al. 2004).
River herring were once an important and culturally significant food source in many coastal
areas, and may be prepared salted, smoked, pickled, canned, or fried. They were an especially
important source of cheap protein prior to the availability of refrigeration, as their oily flesh is
easily preserved with salt and could sustain rural coastal communities through winter months
(Wilson 2007).
In recent decades, human use of river herring has shifted away from human consumption
and increasingly toward use as bait for recreational and commercial fishing. River herring are a
particularly desirable source of bait for striped bass anglers, and are used as bait for commercial
lobster fisheries in New England (ASMFC 2009a).

Commercial Fisheries
River herring were historically harvested commercially in most states, using a wide
variety of gear types including gillnets, weirs, pound nets, fish traps, dip nets, cast nets, fyke
nets, and hook and line. River herring fisheries have varied in significance by time and location,
but commercial landings and participation have declined considerably in most areas along the
Atlantic coast (ASFMC 2009a).
Consistent economic data regarding the value of these fisheries regionally or coast-wide
is generally lacking. Although herring fisheries were at one time very economically important in
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certain areas such as the Albemarle Sound area of North Carolina, most commercial fisheries
have not been particularly high-value. From 1986 to 2006, the coast-wide estimated total exvessel landings value of river herring ranged from a low of about $123,000 to a high of about
$625,000, with an average ex-vessel price of approximately $0.18 per pound (ASMFC 2009a).
Generally, prices per pound have increased since 1987, consistent with the reasoning (see:
Schmidt et al. 2003) that declines in river herring landings are unlikely to be caused by a lack of
market demand (ASMFC 2009a).
In North Carolina, herring fisheries typically provided supplemental income to fishermen
targeting other species during other times of the year, in addition to providing jobs in processing
and canning facilities. However, the number of participants in North Carolina declined steadily
from hundreds to dozens in the years before the state’s declaration of a fishery moratorium in
2007. Among the 85 herring fishery participants remaining in the Albemarle Sound area in 2006,
most were reporting total annual ex-vessel landings values of less than $500 each (NC DMF
2007).

Recreational and Subsistence Fisheries
Recreational fisheries for species of the genus Alosa are generally lacking in data and
documentation, and the majority of recreational herring catch is unreported. Of the sparse data
available, most is not useful for management purposes, and the impact of recreational fisheries
on alosine populations is largely unknown (John Sweka, US Fish and Wildlife, personal
communication). However, substantial recreational fishing activity for river herring is thought to
occur in many locations, especially in New England and the mid-Atlantic for use as bait.
Regulations for recreational fisheries have varied widely by state (ASFMC 2009a).
Subsistence fisheries were historically very important in some areas, such as eastern
North Carolina, where the Chowan River pound net fishery provided an important
!
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supplementary food source to local residents during the spring months. River herring dip net
fishing was a relatively easy and inexpensive means of obtaining protein (Stephenson 2007).

Cultural Significance and Non-Consumptive Use
In many areas, the annual spring spawning runs of river herring hold a great deal of social
and cultural significance for residents and visitors, and are an integral part of the local culture.
Spring runs of river herring are often celebrated locally, such as in Jamesville, North Carolina,
where an annual “Herring Festival” has been held for over 60 years (NC DMF 2007). Similar
celebrations have occurred elsewhere, such as in Damariscotta, Maine with the annual crowning
of an “alewife queen,” for which the traditional prize is two bushels of alewives (Bockian et al.
2004).
Observation sites for herring runs often attract visitors and tourists from far distances, and
provide unique opportunities for public environmental education. In many areas, volunteers are
active in educating visitors about river herring, contributing to stream restoration efforts, or
monitoring and counting river herring as they return (ASFMC 2009a).

Coast-Wide Declines and Population Status
Available fishery-dependent and fishery-independent data indicate that river herring
populations in most areas along the Atlantic coast have drastically declined, and some are
considered completely collapsed (ASMFC 2009a). While some runs in South Carolina appear to
be stable (Joseph Hightower, North Carolina State University, personal communication), the
only remaining locations where populations can be considered relatively “healthy” are some of
the locally managed runs in Maine (Kate Taylor, ASMFC, personal communication). However,
it is difficult to broadly describe the health of river herring populations, as baseline historical
abundance data are typically lacking in most areas.
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Systematic and consistent collection of river herring population data has been generally
rare, with some exceptions. Abundance indices and other population data are not available for all
locations, and where population or life history data are collected, methods may vary widely. The
majority of insight into river herring population abundance has come from commercial landings
data. Commercial landings along the Atlantic coast have declined by approximately 90% since
the mid-1980s (ASMFC 2009a). Although such drastic decreases in landings suggest that there is
a major problem with river herring populations, landings data alone cannot describe the overall
health of the populations due to lack of adequate fishery effort data (Wallace and Fletcher 2004).
Unfortunately, effort data is often unavailable or inconsistent for river herring fisheries.
Landings declines in many locations have been significant. In North Carolina, landings
that once regularly exceeded 10 million pounds in any given year dropped significantly starting
in the late 1960s, and despite increased fishery regulations over the next several decades,
monitoring data began to indicate a stock near collapse (NC DMF 2007). A study of historic
landings data by Hightower et al. (1996) showed that by the mid-1990s, river herring populations
had dropped to approximately 4% of the historical average.
Formal stock assessments have been few and far between. In 1990, the Atlantic States
Marine Fisheries Commission completed the first coast-wide stock assessment for river herring,
assessing data for fifteen stocks in rivers from Canada to North Carolina (Crecco and Gibson
1990). The results of this stock assessment indicated that five of the fifteen stocks were
overfished, and another three were classified as “fully exploited.” Eight of the fifteen stocks also
displayed a “severely depleted” trend, meaning that they had experienced at least a 50% decline
in recent landings or juvenile indices. Available evidence also suggests that alewives and
blueback herring are experiencing significant changes in population characteristics such as
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truncated age structure, reduced recruitment rates, and lower rates of repeat spawning (ASMFC
2009a).
In North Carolina, a stock assessment was completed in 2005 for the Albemarle Sound
area, once the site of one of the most significant river herring fisheries along the coast. Data from
this assessment indicated that river herring were overfished and that overfishing was occurring,
and additionally revealed drastically lowered recruitment, juvenile abundance, spawning stock
biomass, and rates of repeat spawning (NC DMF 2007).
Fishery-independent monitoring data for individual river systems are available for some
locations, typically for streams in New England where volunteers or others are able to count
individual fish passing upstream at dams, fishways, or fish counting facilities (Kathy Hattala,
New York Department of Environmental Conservation, personal communication). Such riverspecific data has shown negative trends in river herring abundance in many locations, some of
which are dramatic. For instance, at the Holyoke Dam on the Connecticut River, herring counts
plummeted from approximately 630,00 fish in 1985 to just 21 fish in 2006. The St. Croix River
in Maine once supported herring returns in the millions, but fish passage closures have resulted
in a near elimination of St. Croix alewife, with only 22 fish returning in 2005 (Schick Kenney et
al. 2007). Not all river systems have experienced declines this dramatic, but troubling trends are
apparent for most systems for which data is available.
River-specific returns are often more difficult to monitor for rivers in the mid-Atlantic
and southeastern United States, which tend to be wider, deeper, and less clear than rivers in New
England. Precise estimates of spawning adults migrating upstream are therefore unavailable for
many southeastern rivers, as these estimates would be cost-prohibitive or logistically impossible
to obtain (Mitchell 2006).
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Threats to River Herring Populations
The blame for river herring declines has been directed toward a wide variety of known
and potential impacts, most of them resulting from human activities. Among the most frequently
cited threats are direct harvest, poor water quality, and reduced access to habitat resulting from
dams and other obstructions. Other sources of mortality or reduced reproductive success that
have been implicated in river herring declines include increased predation, dredging and other
habitat alteration, water withdrawals, climate change, alteration of river flow rates, impingement
and entrainment at water intake structures, bycatch at sea, and disease (ASMFC 2009a).
Research has suggested that year-class size is determined largely by environmental
factors, however, when other factors reduce spawning stock biomass to below a certain critical
level, the abundance of spawning adults becomes a much more important factor in determining
juvenile abundance (ASFMC 2009a). It is likely that some combination of the above stressors
has driven river herring populations to critically low levels (NMFS 2009a), at which the impact
of each individual threat is possibly more significant. The following is a brief description of
major factors that have been suggested as partially responsible for declines in river herring
populations.

Directed Ocean Harvest by Foreign Vessels: 1967-1972
From 1967 to 1972, foreign vessels fishing off the east coast of the United States targeted
and landed significant numbers of river herring. This harvest peaked in 1969 at a reported 24
million pounds of mostly immature fish. The time period over which this harvest occurred
closely corresponds with a dramatic drop in coast-wide landings of river herring (Figure 2).
Since the passage of the Fishery Conservation and Management Act in 1976, foreign fishing
activity within the U.S. Exclusive Economic Zone has been restricted, and directed fisheries for
river herring in federal waters have not existed since this time. However, at-sea harvest mortality
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during these years may have reduced river herring to low enough numbers where the resilience
of the populations was significantly decreased, leaving them more vulnerable to other threats
(NC DMF 2007).

Directed Harvest in State Waters
Commercial and recreational fisheries for river herring have varied in magnitude and
significance over time and by location. In some locations, such as the state of Georgia,
commercial fisheries for river herring have been essentially non-existent (ASMFC 2009a).
However, some river systems, such as the Chowan River in North Carolina, have long histories
of heavy exploitation (NC DMF 2007). As previously mentioned, the coast-wide stock
assessment completed in 1990 indicated that many of the rivers under study could be classified
as overfished or severely depleted (Crecco and Gibson 1990). While in-river fishing mortality is
not the only factor negatively impacting river herring populations, addressing and regulating this
impact has been the most common initial response to declining abundance. Especially where
stock assessments have indicated river herring are overfished or overfishing is occurring, state
fishery resource agencies have taken steps to limit fishing mortality in state waters (ASMFC
2009a; NC DMF 2007).
Regulations for commercial and recreational fisheries have varied from state to state over
the years, but were historically lax or non-existent in most locations until recent decades. When
declines became more apparent in the 1990s and 2000s, many states began taking more proactive
management actions. Several states shut down their fisheries altogether in an attempt to allow
river herring populations to recover, starting with Connecticut in 2002, followed by the states of
Massachusetts and Rhode Island in 2005, and North Carolina in 2007 (ASMFC 2009a).
In 2009, the Atlantic States Marine Fisheries Commission passed Amendment 2 to the
Interstate Fishery Management Plan for Shad and River Herring, shutting down all state fisheries
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for river herring with the exception of those with an approved sustainability plan. Effective
January 1, 2012, this is essentially a coast-wide moratorium eliminating directed harvest of river
herring in state waters for nearly all runs along the east coast of the United States (Kate Taylor,
ASMFC, personal communication). The Interstate Fishery Management Plan for River Herring
and Shad and coast-wide moratorium are discussed in greater detail in subsequent sections of this
report.

Restricted Access to Habitat
Although river herring once spawned in nearly every river and tributary throughout their
range, dams and other obstructions to migration have reduced river herring access to thousands
of kilometers of spawning streams. Barriers to migration include manmade structures such as
hydroelectric dams or smaller milldams, but may also include natural obstructions such as
vegetation blockages. Precise estimates of habitat loss are generally unavailable at large scales,
but dams have blocked access to possibly up to 84% of spawning habitat for diadromous species
such as river herring (ASMFC 2000). By the year 1900, river herring spawning habitat in the
state of Maine alone had been reduced to approximately 16% of former stream habitat and 2% of
former lake habitat (Hall et al. 2011).
Fish passage structures, such as fishways and fish ladders, are present at a small
percentage of such sites; Patrick (2005) estimated that about 34% of the lowermost dams on
Atlantic and Gulf coast rivers have some form of fish passage. However, even where present,
fish passage structures vary significantly in terms of passage efficiency, and some may be
completely ineffective for river herring passage. Although restoration efforts in many areas have
resulted in improved fish passage or dam removal, a substantial amount of river herring habitat
remains inaccessible (ASMFC 2009a).

!

)$!

In addition to reducing habitat availability, such obstructions may also cause river herring
to aggregate in locations where they are more susceptible to predation or fishing pressure.
Hydroelectric dams present an additional danger via turbines that river herring often must pass
through during out-migration, potentially causing mortality or injury due to turbulence, impacts
against hard structures, or rapid changes in acceleration and pressure. Estimates of mortality and
injury rates vary widely based on power generation rates, turbine types, and presence of
alternative downstream routes (ASFMC 2009a).
Throughout the range of river herring, there are additionally numerous culverts in
locations where roads cross over streams. Culverts, which serve as cheaper alternatives to
bridges, vary in size and design but have typically not been designed with fish passage in mind.
There is some evidence to suggest that the presence of culverts may reduce or completely block
river herring migrations due to low light levels and/or altered flows (Collier and Odom 1989;
Moser and Terra 1999). The number of culverts throughout the range of river herring is
estimated to be very high, and these structures may present a large cumulative impact on the
species if even a portion of river herring migrations are blocked (ASFMC 2009a).

Poor Water Quality
Poor water quality is frequently noted as contributing to the decline of river herring,
either by directly causing mortality or reducing fitness and reproductive success. Although water
quality has significantly improved in most areas since the passage of the Clean Water Act in
1972, fish habitat continues to be impacted by nutrient loading and pollution from land-use
practices such as intensive agriculture, forestry, livestock operations, and industrial discharges
(NC DMF 2007). Alteration of the nutrient balance by such anthropogenic activities can change
the species composition of a particular area, and can create areas of hypoxia and anoxia (little or
no oxygen) that are harmful to fish eggs, larvae, and adults. River herring habitat may also be
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negatively affected by stormwater runoff, thermal pollution, and contamination by toxic
substances such as organic chemicals or heavy metals (ASFMC 2009a).
Although many have pointed to poor water quality as a major cause of river herring
declines, in most cases it has been difficult to establish direct cause-and-effect relationships due
to insufficient data and gradual changes in water quality (ASFMC 2009a). Linking water quality
to fish health is also difficult due to the fact that water quality in state waters is typically
managed under the authority of state agencies that are separate and often disconnected from state
fisheries agencies. In addition, the wide range of activities impacting water quality are managed
under a variety of local and state authorities that regulate land use, agriculture, transportation,
and other activities. In some locations, such as North Carolina, there are legal structures or
incentives to encourage or require coordination (See: Deaton et al. 2010), but this is not the norm
(Jimmy Johnson, NC DENR, personal communication).

Flow Rate Alterations
Both upstream and downstream migrations of river herring appear to be at least partially
controlled by water flow rates. Increased upstream movement has been reported at higher rates
of flow; however, extreme flows typically act as a barrier to migration (ASMFC 2009b). In the
continental United States, over 85% of inland waterways are controlled in some manner. Flows
may be controlled or altered for the purposes of hydroelectric power generation, water
withdrawals, flood control, recreation, channelization, navigation, or other reasons (Poff et al.
1997). These alterations can substantially affect local dissolved oxygen concentrations,
temperature, substrate characteristics, turbidity, zooplankton productivity, and stream width and
depth (ASMFC 2009a). Thus, water flows are likely to have a significant impact on river herring
larvae, and may be related to recruitment success (O’Rear 1983).
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Flow rates in many locations are controlled at the federal level by the United States Army
Corps of Engineers, which regulates water supply and flood control (Poff et al. 1997). In some
locations, concern about the ecological impacts of altered flow rates have led to management
practices that take into account the flow needs of certain species. For example, on the Roanoke
River in North Carolina, flow rates at main stem dams have been adjusted during the spawning
period of striped bass (April to June), but river herring may still experience difficulties moving
upstream (NC DMF 2007). River flow rates and alterations are often monitored extensively at
the local level, but there have been few studies on the extent and effects of flow alterations at
regional or national levels. Thus, the understanding of ecological effects of flow alterations is
largely limited to effects on select portions of specific streams (Carlisle et al. 2011).

Degradation and Loss of Spawning and Nursery Habitat
River herring are additionally threatened by degradation and loss of important habitat
types. Few studies have quantified the large-scale impacts of habitat lost or degraded (ASMFC
2009a), but freshwater and estuarine habitat loss is likely to be considerable in many locations
due to wetland loss, stream channelization, loss of riparian buffers, stream blockages, and
oxygen consuming effluent (NC DMF 2007). Significant river herring spawning habitat has been
directly eliminated as the result of draining and filling of wetlands, destruction of forested
swamps, and diversion of waters away from preferred habitats (ASMFC 2009a).
In many locations, habitat has been degraded due to dredging and/or channelization,
although the extent of these activities and their impacts is largely unknown. Channelization not
only alters the flow regime within a river, but may also have negative consequences for habitat
diversity, water quality, substrate character, and local vegetation. River herring may avoid
channelized areas during their migrations due to increased flow velocities. Dredging presents
additional problems, creating spoil banks that can reduce habitat quality and block access to
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other habitat types. Additionally, dredging may increase turbidity, alter sediment characteristics,
and release contaminants into the water column (ASFMC 2009a).

Predation Pressure
Increases in the abundance of key predators may be posing problems for river herring
recovery. Some believe that populations have suffered particularly as the result of increased
predation by striped bass (Morone saxatilis), which prey heavily on river herring seasonally.
Having rebounded significantly since the 1990s, striped bass populations along the Atlantic coast
may be at historic highs. It is possible that striped bass predation may have contributed to river
herring declines, or has exacerbated the problem by keeping numbers low and thereby preventing
significant recovery (Tuomikoski et al. 2008).
The recovery of striped bass is widely considered to be a fisheries management success
story, and this species is an immensely popular sport fish along the Atlantic coast. For this
reason, implications that striped bass may be negatively impacting river herring populations have
been controversial (Joseph Hightower, North Carolina State University, personal
communication). Because river herring are such important prey species to many different
predators, these species illustrate the potential benefits of ecosystem-based fishery management
as a useful framework for management of multiple species, including striped bass. However, this
is difficult to do in practice, especially in light of public pressure to manage striped bass for
maximum abundance (Wilson Laney, US Fish and Wildlife, personal communication).
In addition to striped bass, river herring are consumed by a wide variety of marine fishes,
mammals, and birds. Dalton et al. (2009) found that double-crested cormorants are an important
predator of alewives in Connecticut with the potential to negatively impact populations;
however, cormorants are probably not currently posing an immediate threat to the recovery of
alewives in this area. Predation pressure from other species may be a management issue worth
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noting, however, further research on predation issues is a major management need (ASFMC
2009a).

Entrainment and Impingement
Large-volume water withdrawals occur in some river herring habitats, typically for use in
pumped-storage hydroelectric power generation, irrigation projects, power plant cooling
facilities, or as drinking water (ASMFC 2009a). At the sites of such withdrawals, river herring
and other fishes in the early stages of development may become “entrained” in, or sucked into,
water intake structures. Larger organisms may be “impinged” against intake screens, or pinned
against these screens and trapped (Henderson et al. 2011).
Although power plants using “once-through cooling” systems have been demonstrated to
harm local aquatic wildlife populations at multiple stages of development, facilities of this type
still exist at many locations throughout the range of river herring. Section 316(b) of the Clean
Water Act, administered by the Environmental Protection Agency, requires that cooling intake
structures “reflect the best technology available for minimizing adverse environmental impact.”
New power plants must have closed-system cooling facilities, but numerous plants with outdated
once-through cooling systems still exist, pumping through massive volumes of water daily
(Henderson et al. 2011).
Entrainment and impingement each may result in direct mortality, physical stress or
injury, or delayed migration of river herring. The local and population-wide effects of
entrainment and impingement are not well understood, and mortality and injury rates are difficult
to determine (ASFMC 2009a).

Climate Change
River herring may be threatened by the effects of climate change and sea level rise, such
as food web shifts, changes to optimal habitat, and shifts in ranges and migrations (Ellis and
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Vokoun 2009). Sea level rise may impact nursery and spawning areas for river herring by
altering vegetation, availability of protective cover, water depth, temperature, and salinity
(Deaton et al. 2010). Given the amount of habitat already inaccessible due to dams and other
obstructions, sea level rise has the potential to affect a large portion of remaining available
habitat, and its effects may negate habitat conservation efforts in some areas (Weaver 2009).
Additionally, because river herring migrations and distribution are closely tied to water
temperatures, some effects of climate change could alter these aspects of their ecology (ASFMC
2009a). Range shifts resulting from increased water temperatures have been observed for several
fish species, and this may be a concern for river herring. Alewives in particular may be
vulnerable to rising temperatures, as the southern extent of their range has apparently already
shifted from South Carolina to North Carolina (NC DMF 2007).

Bycatch at Sea
During their at-sea migrations, river herring are sometimes unintentionally caught in
ocean fisheries targeting other species such as Atlantic herring and Atlantic mackerel, and this
unintentional catch is known as bycatch. In recent years, concern about levels of river herring
bycatch has increased considerably. Incidental catch of river herring is often not discarded, but is
instead retained and sold as bait. This catch has often gone undocumented, and until recently, the
extent of the problem has not been well understood (ASMFC 2009a). Available data suggest that
river herring bycatch events appear to be sporadic and variable in magnitude, but due to the highvolume nature of the fisheries in question, the mortality resulting from such catches may be
significant relative to total remaining populations of river herring. In any given year, hundreds of
thousands of pounds of river herring bycatch are typically recorded for these fisheries, which is
likely to be an underestimate due to incomplete monitoring and reporting. In 2007, river herring
bycatch was reported to be well over a million pounds in the Atlantic herring fishery alone (Cieri
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et al. 2008). On rare occasions, the amount of river herring caught in a single net tow can be
approximately the equivalent of an entire spawning run (Cournane 2010), totaling tens of
thousands of fish.
Researchers are currently identifying spatial and temporal patterns of incidental river
herring catch in order to inform management efforts minimize bycatch events (Jamie Cournane,
University of New Hampshire, personal communication). The issue of river herring bycatch at
sea is discussed in greater detail in subsequent sections of this report.

River Herring Management Framework
Management of River Herring: Overview
Direct management of river herring has mostly occurred at the level of state regulation of
commercial and recreational fisheries. In the United States, state fisheries agencies have the
authority to manage fishery resources within their state, including all inland, estuarine, and
coastal waters out to three miles at sea (Figure 6) (Wallace and Fletcher 2004). For fisheries that
occur primarily in state waters, and in particular for fishes that migrate among the waters of the
different states, state fishery management is coordinated by the Atlantic States Marine Fisheries
Commission (ASMFC), which develops Interstate Fishery Management Plans that hold states to
minimum standards of management. River herring and American shad are managed under such
an interstate plan, and in 2009 the ASMFC amended this plan to shut down most commercial and
recreational fisheries for river herring in state waters (ASFMC 2009a).
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Figure 6: Atlantic coast fishery management jurisdictions.

From three miles at sea to two hundred miles at sea, in the federal waters of the United
States Exclusive Economic Zone, marine fisheries are managed by the Regional Fishery
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Management Councils. These Councils write Fishery Management Plans that are approved and
implemented by the National Marine Fisheries Service under the National Oceanic and
Atmospheric Administration, within the United States Department of Commerce (Wallace and
Fletcher 2004). No direct management of river herring occurs in federal waters, but fishery
regulations for other fisheries can and do have an impact on river herring populations.
Other local, state, regional, and federal agencies regulate and manage activities that may
impact river herring and their habitat, including agencies regulating and managing water quality,
coastal development, local and regional land use, water use, transportation, hydroelectric
projects, and others. These agencies may additionally become involved in the fishery
management process at one or more levels of government.
The following is a more in-depth discussion of how river herring are managed at the
state, local, inter-state, federal, and international levels:

State and Local Management of River Herring
River herring are managed at the state level by state marine fisheries agencies or other
agencies with the authority to manage fishery resources in state waters. State waters include all
freshwater, estuarine, inshore coastal, and ocean habitats out to three miles at sea. Such agencies
may set commercial and recreational fishery regulations including take limits, gear restrictions,
time and area restrictions, or license requirements; additionally, they may collect fisherydependent and/or fishery-independent monitoring data for river herring (ASFMC 2009a).
One of the major challenges for state management of anadromous fishes is that in many
coastal states, management authority is split between a marine and an inland fishery resource
agency. This arrangement occurs in states such as North Carolina, where river herring are
managed by the North Carolina Wildlife Resources Commission in freshwater rivers, and by the
North Carolina Division of Marine Fisheries in estuarine and coastal waters (NC DMF 2007).
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This arrangement may complicate fishery regulations, management planning, and data collection
for anadromous or other inter-jurisdictional fishes, and may result in different regulations
between these jurisdictions. For example, in North Carolina, river herring fisheries were closed
in inland waters prior to the closure of the fisheries in estuarine and coastal waters (Bennett
Wynne, North Carolina Wildlife Resources Commission, personal communication).
In addition to state fisheries agencies, other state-level governing bodies may affect river
herring populations by making decisions that impact habitat or threats. These may include, but
are not limited to, state agencies regulating water quality, water use, coastal development, land
use, and transportation.

Variations in State Management
River herring resources have been managed differently by state, in terms of fishery
regulations, resources invested in monitoring and assessment, and general prioritization of river
herring management. More active management is typical of states with more significant
historical fisheries for river herring, as well as for states where monitoring is logistically more
feasible. Management effort has ranged from virtually no regulations or monitoring to active
management and long-term data collection (ASMFC 2009a). North Carolina, for example,
developed a comprehensive Fishery Management Plan for river herring in 2000 (NC DMF
2007), while most other states have taken action primarily through individual regulations.
Before the Atlantic States Marine Fisheries Commission imposed a coast-wide
moratorium on river herring fisheries in 2009, several states had already implemented complete
state fishery closures for river herring. Connecticut was the first state to do so in 2002, when the
Connecticut Department of Environmental Protection declared a moratorium and continued to
extend it each year. In 2005, Massachusetts became the next state to place a moratorium on river
herring fisheries in state waters, banning the harvest, possession, or sale of river herring. Rhode
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Island closed their river herring fishery via emergency action in 2006 (Schick Kenney et al.
2007). In 2007, North Carolina amended their Fishery Management Plan for River Herring to
make commercial and recreational harvest illegal within the state (NC DMF 2007).
In contrast, several other states have historically taken a more hands-off approach to river
herring management. For example, for the relatively small and highly variable commercial
fishery in Delaware, there have been no specific regulations to restrict landings of river herring,
only broad gear limitations and area restrictions applying to the entirety of the commercial
fishery. Likewise, no regulations for river herring have existed in Georgia, because no
commercial fishery for river herring has ever existed there. In Florida, the ban of nets within
state waters in 1994 had the effect of essentially eliminating the river herring commercial fishery
(ASMFC 2009a).
At the state level, some agencies also participate in active restoration projects. Hatchery
production and stocking of larval or juvenile river herring has been minimal, but more common
are “trap and transport” programs to relocate adult river herring between river basins or around
an obstruction within the same river. Many of these transfers have been conducted with the
intention of increasing returns of spawning adults, but some have been conducted explicitly to
increase forage for other species, typically in lakes (Technical Committee 1997). Although states
are required to report stocking activities to the Atlantic States Marine Fisheries Commission
(ASMFC 2009a), such programs are rarely fully evaluated (Frank et al. 2009).

State Management Comparison: North Carolina vs. Maine
Maine and North Carolina have both historically had important river herring fisheries, but
river herring have been managed in each state differently. In North Carolina, river herring are
managed at the state level primarily by the Division of Marine Fisheries (DMF) under the
Department of the Environment and Natural Resources. The Wildlife Resources Commission
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manages river herring in coordination with NC DMF in inland waters, but the primary
management authority has historically been the marine fisheries agency. River herring fisheries
were historically very significant in North Carolina, particularly in the Chowan River and the
rest of the Albemarle Sound. Growing concern over the status of river herring populations in the
1990s led to a series of increasingly restrictive fishery regulations, and finally to the
development of a comprehensive Fishery Management Plan (FMP) for river herring in 2000.
Despite further restrictions on river herring fisheries as the result of this plan, monitoring data
continued to show decreases in the health of river herring populations, and the Division of
Marine Fisheries finally closed the fishery entirely in 2007 (NC DMF 2007).
In contrast, the state of Maine has historically managed river herring cooperatively with
local municipalities, and river herring here appear to be experiencing less drastic declines than in
other states. This co-management structure was formalized in the 1950s, but existed prior to this
time (Maine Department of Marine Resources 2010). In this arrangement, the state of Maine sets
minimum regulations that must be met by municipal managers, such as weekly closed periods.
For many of Maine’s runs, the town contracts harvest rights to an individual or family, typically
one that has harvested herring in that location for many years (Kritzer 2009).
In many ways, increased attention to management at the scale of individual river herring
runs would be ideal due to fine-scale differences in habitat and threats, including habitat
accessibility and fishing effort (Kathy Hattala, NY DEC, personal communication). Additionally,
because river herring fisheries are highly variable and relatively low-value, state level
management and enforcement of numerous small fisheries does not always make sense
economically (Kritzer 2009). Despite this, local management of river herring runs has been
relatively rare. In Maine, local management makes sense in many locations due to the prevalence
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of small systems where harvest may occur at small, sometimes privately owned dams. But in
many other places, characteristics of the river system or the fishery have made assigning
individual fishing or management rights undesirable or infeasible.
Although Maine is one of the only places where river herring runs can be considered
relatively healthy at present, it is unclear whether co-management between municipalities and
the state has directly led to increased health of river herring runs (Kate Taylor, ASMFC, personal
communication). In addition to run-specific management, Maine likely has several advantages
for river herring such as lower human population density and associated habitat impacts, as well
as a location that may provide a migratory advantage for river herring (Kritzer 2009).

Coordination of State Fisheries Management: The Atlantic States Marine
Fisheries Commission
Atlantic States Marine Fisheries Commission: Overview
The Atlantic States Marine Fisheries Commission (ASFMC) was formed in 1942 to
coordinate fisheries management among U.S. Atlantic coast states. ASMFC voting membership
includes three Commissioners from each of the 15 Atlantic coastal states, including the director
of each state’s marine fisheries management agency, a state legislator, and an individual
appointed by the governor. Since 1981, the ASMFC’s Interstate Fisheries Management Program
has facilitated cooperative management of fisheries in state waters via Interstate Fisheries
Management Plans (IFMPs).
Currently, 22 Atlantic species or species complexes are managed under Interstate Fishery
Management Plans, including a single plan for Shad and River Herring. These plans are
developed with significant public input, and may include the involvement of, and
recommendations for, state fisheries and wildlife agencies, appropriate Regional Fishery
Management Councils, the National Marine Fisheries Service, and the United States Fish and

!+'!

Wildlife Service (“Interstate Fisheries Management”). Each managed species has its own
Management Board, composed of regionally appropriate Commissioners or their proxies, and is
responsible for carrying out activities relating to the management plans. The Management Board
is also responsible for overseeing the activities of several other management sub-groups for each
species, including a Plan Development Team, a Plan Review Team, an Advisory Panel, a
Technical Committee, and a Stock Assessment Subcommittee. Membership varies by team, but
may include scientists and representatives from state and federal agencies with “scientific or
management knowledge of shad and river herring,” or a “declared interest in shad and river
herring fisheries.” Members of the Advisory Panel include “citizens who represent a crosssection of commercial and recreational fishing interests and others who are concerned about shad
and river herring conservation and management” (ASMFC 2009a).
Since the passage of the Atlantic Coastal Fisheries Cooperative Management Act in
1993, states have been obligated to comply with the minimum management standards contained
in the Interstate Fishery Management Plans (ASFMC 2009a), although individual states may
choose to adopt more stringent management measures (Kate Taylor, ASMFC, personal
communication). States must submit annual compliance reports to the ASMFC for each managed
species, and in the event that a state is determined to be out of compliance with plan
requirements, the United States Secretary of Commerce has the authority to step in and impose a
moratorium on that state’s fishery (ASFMC 2009a).
The Atlantic States Marine Fisheries Commission additionally has a science program,
under which the ASFMC carries out activities such as the collection of state fisheries data and
periodic coordination of coast-wide stock assessments for managed species as needed. The
ASMFC first conducted an assessment for river herring in 1990; a second coast-wide stock
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assessment has recently been completed and underwent peer review in March of 2012 (Kate
Taylor, ASFMC, personal communication). This stock assessment will be essential for informing
future management and conservation strategies, research needs, and informing decisions about
potential legal protections for river herring.

Interstate Fishery Management Plan for Shad and River Herring
Original Interstate Fishery Management Plan
The ASMFC first developed an interstate management plan for Shad and River Herring
in 1985. However, this version of the plan focused largely on American shad and contained no
strong recommendations for river herring beyond general habitat improvement and increased
monitoring. The Commission recognized several major threats to shad and river herring,
including exploitation, habitat accessibility and quality, water quality, and river flow allocation
(ASMFC 1985). Although at the time, the ASMFC did not have the authority under the Atlantic
Coastal Fisheries Cooperative Management Act to require compliance (ASMFC 2007), most
states followed the recommendations for implementing management and monitoring measures
contained in the plan for these alosine species (Kate Taylor, ASFMC, personal communication).
Amendment 1 to the Interstate Fishery Management Plan
In 1999, the ASMFC amended the Interstate Fishery Management Plan for Shad and
River Herring, primarily to phase out the ocean intercept fishery for American shad. This
amendment likely benefitted river herring populations as well, since river herring were also
caught in this fishery (Connecticut River Atlantic Salmon Commission 2004). Additional
requirements of Amendment 1 included enhanced state monitoring programs to collect
information on anadromous alosines (ASMFC 2009a).
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Amendment 2 to the Interstate Fishery Management Plan
In May of 2009, the Atlantic State Marine Fisheries Commission approved Amendment 2
to the Shad and River Herring Interstate Fishery Management Plan, which amounted to a coastwide moratorium for most river herring fisheries in state waters. Each state was required to close
all commercial and recreational river herring fisheries in state waters as of January 1, 2012,
unless the sustainability of a state or local fishery could be demonstrated via an approved
sustainability plan. Amendment 2 additionally made the implementation of previously
recommended state data collection programs for river herring a requirement, ideally contributing
to current and future coast-wide stock assessments (ASMFC 2009a).
The option for states to keep sustainable runs open substantially increased public support
for Amendment 2. The ASFMC Shad and River Herring Technical Committee approved several
sustainability plans, keeping limited numbers of herring runs open in states such as Maine, New
Hampshire, South Carolina, North Carolina, and New York (Kate Taylor, ASMFC, personal
communication). The sustainability plans differ in content and management strategies by state
(Kate Taylor, ASMFC, personal communication). For example, in Maine, only specific runs
remain open, and will remain locally managed with specific escapement targets for each system
(Maine DMR 2010). In North Carolina, the approved sustainability plan exists only to keep in
place a small allocation for a four-day harvest period during the Jamesville Herring Festival over
Easter Weekend (Kathy Rawls, NC DMF, personal communication).
States without an approved sustainability plan were required to implement a statewide
moratorium if they did not already have one in place (Kate Taylor, ASMFC, personal
communication). In some states, Amendment 2 led to a reluctant closure of state fisheries due to
insufficient data to demonstrate sustainability. In Virginia, a fishery closure became necessary
because the Division of Marine Resources did not have the data necessary to develop
!
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sustainability targets or prove that runs could be considered healthy. While Virginia has spent
substantial amounts of money over the years on the monitoring of striped bass populations, the
state has been unable to commit the same resources to similar monitoring for river herring.
Extremely limited availability of any data on river herring abundance or population health thus
resulted in the inability of the Marine Resources Commission to make any statement about the
condition of river herring stocks (VA Marine Resources Commission 2011). The state of New
Jersey faced a similar predicament, where a fishery closure occurred because the state has lacked
sufficient funds in recent years for river herring monitoring (Associated Press 2012).

Federal Management of River Herring
The National Marine Fisheries Service and The Regional Fishery Management
Councils
Under the Magnuson-Stevens Fishery Conservation and Management Act of 1976, the
eight U.S. Regional Fishery Management Councils were created to manage marine fishery
resources in federal waters. The Regional Councils operate in cooperation with the National
Marine Fisheries Service (NMFS), under the National Oceanic and Atmospheric Administration
(NOAA) in the Department of Commerce. Each Council develops Fishery Management Plans
for species or species complexes in federal waters within their region. These plans are approved
and implemented by NMFS (Wallace and Fletcher 2004).
Council voting membership includes several governor-nominated representatives from
each state within a Council region, as well as the regional director of the National Marine
Fisheries Service in that region. Non-voting membership includes representatives from the U.S.
Fish and Wildlife Service, the U.S. Coast Guard, the U.S. Department of State, and the Interstate
Marine Fisheries Commission in that region (on the east coast of the U.S., this is the Atlantic
States Marine Fisheries Commission) (Wallace and Fletcher 2004).
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Within the range of river herring, there are three Regional Fishery Management Councils:
the South Atlantic Fishery Management Council (covering eastern Florida through North
Carolina), the Mid-Atlantic Fishery Management Council (North Carolina to New York), and the
New England Fishery Management Council (Connecticut to Maine) (Figure 6; Wallace and
Fletcher 2004). At present, none of these three Councils directly manage river herring, as there
are no directed fisheries for river herring in federal waters. However, Council management
actions for other species indirectly affect river herring populations. Both the New England
Fishery Management Council and the Mid-Atlantic Fishery Management Council manage
fisheries for which river herring bycatch is a concern, and both are currently amending Fishery
Management Plans for these fisheries to address this issue (Lori Steele, NEFMC, personal
communication).
Fishery Management Councils may also impact river herring populations through
management actions other than direct fishery regulations. For example, the South Atlantic
Fishery Management Council has developed a management plan for habitat, which explicitly
considers the habitat needs of anadromous fishes, including river herring (SAFMC 1998). The
Regional Fishery Management Councils may also designate Essential Fish Habitat (EFH) for
federally managed species. Although river herring are not technically a federally managed
species, EFH designations for other species may benefit river herring in some locations (Doug
Rader, Environmental Defense Fund, personal communication).
The National Marine Fisheries Service, along with the U.S. Fish and Wildlife Service, is
also responsible for supporting the Atlantic States Marine Fisheries Commission in the
implementation of Interstate Fishery Management Plans. Both of these federal agencies often
have voting representatives on the technical committees and subcommittees for particular
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managed species (ASMFC 2009a). The Atlantic Coastal Fisheries Cooperative Management Act
also gives the Secretary of Commerce the authority to set fishery regulations in federal waters to
complement the ASMFC’s management plans if no federal Fishery Management Plan exists for
the species (“State-Federal Fisheries”).
The National Marine Fisheries Service compiles state landings data for ocean and in-river
fisheries for river herring and shad. In 2006, the Office of Protected Resources within NMFS
listed river herring as a “Species of Concern.” This designation is given to species that appear to
be troubled, but for which there is insufficient information available to list them under the
Endangered Species Act (NMFS 2009a). Despite this designation, the Office of Protected
Resources has no management authority over river herring, and limited budget to support
restoration or conservation measures for river herring (Schick Kenney et al. 2007).
Since November 2011, the National Marine Fisheries Service has been in the process of
conducting a status review for blueback herring and alewives after the Natural Resources
Defense Council filed a petition to list them as “threatened,” under the Endangered Species Act
throughout all or parts of their range (Mooney-Seus 2011).

United States Fish and Wildlife Service
The U.S. Fish and Wildlife Service (USFWS), within the Department of the Interior, has
also been involved in river herring conservation and management in some locations where
regional offices have partnered with state agencies to monitor and restore river herring (Wilson
Laney, USFWS, personal communication; Joseph McKeon, USFWS, personal communication).

Other Federal Agencies
Other federal agencies regulate activities that may impact river herring habitat and
conservation, through decisions about land use, pollution, agriculture practices, water use,
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management of other species, and other activities. The following are a few examples of where
this may occur:
Federal Energy Regulatory Commission
Part of the responsibility of the Federal Regulatory Energy Commission is to regulate the
hydropower industry and oversee environmental issues related to hydroelectric facilities. This
may include requiring fish passage in their hydroelectric dam licensing process, as it has done for
species like American shad and American eel (Wynne et al. 2010). State fisheries agencies have
the opportunity to become involved in licensing and permitting for hydroelectric facilities
through a comment process (ASMFC 2009a). In the development of the original Fishery
Management Plan for Shad and River Herring, the Atlantic States Marine Fisheries Commission
recommended that each state determine which state agency should be the primary point of
contact with FERC (ASMFC 1985).
Army Corps of Engineers
As previously mentioned, flow rates and water control structures are under the authority
of the United States Army Corps of Engineers (Poff et al. 1997). The Army Corps may make
decisions that directly affect river herring spawning habitat accessibility and quality, including
decisions about dams and flows on coastal rivers and tributaries or dredging activities that may
alter river herring habitat (ASMFC 2007).
Environmental Protection Agency
The Environmental Protection Agency (EPA) impacts river herring primarily through its
regulation and administration of activities related to water quality. Additionally, through the
administration of the Clean Water Act, the EPA also regulates water intake by cooling structures
at power plants that may negatively impact survival of larval and juvenile river herring
(Henderson et al. 2011).
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The EPA also reviews and comments on Environmental Impact Statements (EIS) under
the National Environmental Policy Act (NEPA). An EIS must be completed for each federal
fishery management plan and amendment, as these are considered major federal actions under
NEPA (US Environmental Protection Agency 2005).
Federal Funding for Anadromous Fish Restoration and Management
Federal legislation has at times provided monetary incentives for states to cooperatively
manage inter-jurisdictional fisheries (Bittleman 1996), such as under the Interjurisdictional
Fisheries Act of 1986 (“State-Federal Fisheries”). Some acts have specifically provided federal
money for management of anadromous fishes, such as with the Anadromous Fish Conservation
Act of 1965 (Schick Kenney et al. 2007). Such funding sources have often been crucial in
supporting restoration and monitoring for anadromous fish, including river herring.

Challenges of Multi-Scale and Inter-Jurisdictional River Herring
Management
The broad range and complex life history of river herring complicates many aspects of
river herring management and threat mitigation. River herring inhabit many different habitats at
various points in their life cycle, including headwaters, main stem and lower reaches of rivers,
estuaries, coastal bays, and nearshore and offshore ocean habitats. During their migrations, they
cross over multiple jurisdictional boundaries at many different scales of management, from local
to international. Agencies that are directly responsible for river herring management and
conservation are usually separate and often disconnected from agencies with authority to manage
and mitigate threats to their populations. In combination, these factors present many challenges
for river herring management and protection, from which several themes can be identified:
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Social-Ecological Scale Mismatch
Cummings et al. (2006) defines scale mismatch in social-ecological systems as what
happens when the “scale of environmental variation and the scale of the social organization
responsible for management are aligned in such a way that one or more functions of the socialecological system are disrupted, inefficiencies occur, and/or important components of the system
are lost.” Similarly, Berkes (2006) points out that biophysical boundaries of natural resources
typically do not line up with institutional boundaries, and multi-scale natural resource systems
should be managed at multiple scales simultaneously. In the case of river herring, the scales of
river herring populations and environmental threats vary over time throughout their life cycle,
and typically do not align with the political and jurisdictional boundaries of fishery management
and management of various impacts to populations of these fish.
Therefore, significant interaction between agencies at multiple scales is required for a
successful, coordinated management and conservation strategy for river herring. Such “crosslevel interactions” between higher and lower levels of jurisdiction are somewhat dependent on
the socioeconomic and political context of management (Young 2006), which for river herring
has varied over time and by location and has influenced the priorities of various managing
agencies. Where such differences in priorities and interactions occur in natural resource
management, a typical response identified by Young (2006) is “separation,” where authority is
clearly divided and defined. This is the case for management of species like river herring in the
United States, but as Young states in reference to management of anadromous salmon,
“separation cannot work in functional terms, whatever its status on paper as a response to vertical
interplay among scale-dependent regimes.”
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Uneven Protection Efforts
A related theme in the issues resulting from inter-jurisdictional and multi-scale
management of river herring has been the mismatch in restoration and conservation efforts
applied in varying locations at varying spatial scales. That is, time and money are invested in the
protection or restoration of river herring at specific scales and/or in specific locations, but not in
others. To a certain degree, this may be effective in minimizing negative impacts of highly
localized threats (e.g., removal of a specific dam). However, due to the migratory nature of river
herring and the multitude of threats faced in different environments, threat mitigation on a
limited scale can only go so far.

Data Limitations and Inconsistency
The collection of monitoring data for river herring, both in terms of population status in
freshwater and levels of bycatch at sea, is made difficult by the existing management framework.
River herring have typically been low priority species for management and monitoring, and as a
result, limited data are available for population assessments (Kathy Hattala, NY DEC, personal
communication).
Reporting requirements for commercial river herring fisheries have been historically
variable by time and location, and thus historical landings data are variable as well. These data
contain many significant gaps in both space and time, making it difficult to generalize about
baseline river herring populations and the magnitude of population declines, and additionally
making it difficult to compare population trends between rivers (Katie Drew, ASMFC, personal
communication). Landings data also tend to be available only at the state level, and not typically
from individual river systems. Fishery effort data is often sparse for river herring, especially in
states with less historically significant fisheries or in states with fewer regulations for these
fisheries (Kathy Hattala, NY DEC, personal communication).
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Data collected has tended to vary significantly in type, quality, and quantity depending on
location. Generally, the amount and quality of data is higher in New England, where there are
more streams with physical properties and features such as dams that may allow for fisheryindependent counts or estimates of river herring returning to freshwater. Data quality tends to
decrease with further distance south along the Atlantic coast. Physical properties of river systems
in the southern portion of the species range, such as depth, width, and turbidity, often make
monitoring of river herring more difficult in these areas (Kathy Hattala, NY DEC, personal
communication).
Only a few states have fishery-independent monitoring programs that specifically target
river herring, while other states report data that is collected primarily in monitoring programs for
other species. The timing of such surveys, as well as the timing of federal fishery-independent
trawl surveys, may not closely correspond with river herring locations during their seasonal
migrations and may produce variable estimates of abundance. Where biological data is collected
for river herring, methodologies for sampling and aging tend to differ between states, and aging
methods lack validation with known-age fish. This can result in common management tools such
as age-length keys differing between states (Kathy Hattala, NY DEC, personal communication).
For fishery-dependent data, commercial landings may be reported differently in states
where fishery management responsibility is divided between agencies in freshwater and marine
environments. When this information gets passed on to both the Atlantic States Marine Fisheries
Commission and the National Marine Fisheries Service, discrepancies may occur where some
data is double counted or not counted at all (Katie Drew, ASMFC, personal communication).
These scale-dependent and inter-jurisdictional differences in data collection, reporting
requirements, and monitoring history make population assessments for river herring challenging.
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For management and conservation purposes, it is often useful to have a coast-wide or regional
picture of the condition and trends of fisheries stocks. For example, whether river herring will be
listed as threatened under the Endangered Species Act will depend in part on the analysis of
broader coast-wide and regional population trends revealed in the coast-wide stock assessment
currently being completed by the Atlantic States Marine Fisheries Commission. This assessment
relied on state and local data containing a great many gaps in space and time, and therefore can
only go so far in drawing conclusions about coast-wide populations for river herring.

River Herring Bycatch as an Inter-Jurisdictional Management Issue
River Herring Bycatch: Overview
The problem of river herring bycatch at sea presents a clear example of how the multiscale, inter-jurisdictional management of river herring results in uneven protections for the
species as described in the previous section. Bycatch occurs when non-target species, in this case
river herring, are unintentionally caught in fisheries targeting other species. River herring
bycatch is known to occur in several fisheries, but appears to occur most often in single and
paired mid-water trawl fisheries off the coast of New England and the Mid-Atlantic, targeting
species such as Atlantic herring, Atlantic mackerel, and short- and long-finned squid.
River herring bycatch events in these fisheries tend to be episodic, with most trips
resulting in little or no catch of river herring, but with a small percentage of trips reporting high
levels of river herring bycatch relative to targeted catch. Bycatch events also appear to be highly
variable spatially and temporally (Cieri et al. 2008), likely varying based on unique migration
patterns of different river herring populations (Cournane and Correia 2010). Although this catch
is unintentional and undesirable, much of it is retained and sold as bait (ASMFC 2009a);
however, some fleets that catch river herring discard them. Generally, mid-water trawl fleets
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retain river herring while otter trawl fleets discard them (Wigley et al. 2009). It is important to
note that much of the bycatch of river herring is composed of immature fish in addition to some
mature adults (Stone and Jessop 1992), meaning that a large proportion of this catch has not
reproduced.
Whether incidental catch of river herring is described as “bycatch” varies based on the
precise definition of “bycatch” under consideration. National Standard 9 of the MagnusonStevens Fishery Conservation and Management Act mandates reduction of bycatch and bycatch
mortality, but defines bycatch as “fish that are harvested in a fishery, but that are not sold or kept
for personal use,” i.e., discards (NMFS 1998). River herring catch that is retained and sold
therefore does not technically fall under the definition of “bycatch” under this National Standard
(Doug Rader, EDF, personal communication), making the problem of bycatch more difficult to
address.

Bycatch in the Atlantic Herring Fishery
The fishery for Atlantic herring (Clupea harengus) began as an international fishery in
1967, and until 1972 the fleet was primarily composed of otter trawl and purse seine vessels
from the United States and Canada. Mid-water trawls were introduced in the early 1970s,
however, at this time fishery effort shifted to primarily fixed gear in state waters. After a
significant increase in herring biomass was observed in the 1980s, the fishery expanded
considerably and effort shifted back to primarily mobile gear in federal waters (NEFMC 1999).
Most herring were caught via purse seine in the late 1980s and early 1990s, until 1994 when the
mid-water trawl fishery for Atlantic herring began. Mid-water trawls tow very large nets through
the water using a single vessel or a net strung between two vessels (“paired” mid-water trawls).
Often, fishing occurs at or just above the seafloor (Bakun et al. 2009).

!

$"!

As of 2008, the Atlantic herring fishery was the largest finfish fishery in New England,
but represented only a small fraction of the economic value (Bakun et al. 2009). As of 2010,
there were approximately 100 vessels with limited access Atlantic herring permits* (Steele
2011). Most Atlantic herring are marketed as lobster bait and are landed in the states of Maine,
Massachusetts, and Rhode Island, but herring may also be landed in other states from Virginia
northward.
A Fishery Management Plan (FMP) for Atlantic herring was initially adopted in 1978,
but due to conflicts between state and federal regulations, the FMP was rescinded until the
current FMP was adopted in 1999. At the time of FMP development, between 60 and 70% of
herring were caught in federal waters. In order to ensure consistent regulation of the remaining
effort in state waters, the federal FMP was developed in close coordination with the Atlantic
States Marine Fisheries Commission, which had approved an Interstate Fishery Management
Plan for Atlantic herring in 1994. Management measures adopted were nearly identical, and
ASMFC regulations were to be implemented by individual states (NEFMC 1999).
Currently, the herring fishery is managed under an area-based quota system with four
spatial management areas (Figure 7). When 95% of quota is reached in a particular management
area, the fishery closes in that area until the next year (Bakun et al. 2009). All herring catches in
both state and federal waters are regulated under this quota system, requiring coordination
between the ASFMC and the NEFMC (NEFMC 1999).
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Figure 7: Atlantic herring management areas. Area 1A is the inshore Gulf of Maine, Area 1B is the offshore Gulf
of Maine, Area 2 covers the coastal waters between Massachusetts and North Carolina, and Area 3 is on Georges
Bank. Image: NOAA Fisheries Service Northeast Regional Office, www.nero.noaa.gov.

Bycatch is a major concern in mid-water trawling operations for Atlantic herring, and is
known to impact multiple species including groundfish, river herring, and marine mammals
(Bakun et al. 2009). The National Marine Fisheries Service Sea Sampling (Observer) Program
has been observing the Atlantic herring fleet since 1994, with observed trips divided between the
purse seine fishery, the mid-water trawl fishery and the pair trawl fishery (NC DMF 2007).
Observer coverage, defined as the “fraction of fishing effort (e.g. vessel trips) sampled at sea by
trained scientific observers” (Babcock et al. 2003), has been generally low in the mid-water trawl
fishery (Bakun et al. 2009).
A study included in the initial Fishery Management Plan for Atlantic herring described
the purse seine and mid-water trawl fisheries for this species as relatively “clean” with regards to
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bycatch, describing bycatch as “the exception rather than the rule.” The species for which the
greatest amount of bycatch was observed was Atlantic herring (discarded for a number of
possible reasons), followed by dogfish and mackerel (Stevenson and Scully 1999). In 1997, the
State of Maine Department of Marine Resources established their own observer program for the
Atlantic herring fishery, reporting low levels of river herring bycatch in the Atlantic herring
fishery ranging from 404 to 7,319 pounds annually (NC DMF 2007).
Several studies since this time have attempted to provide updated estimates of river
herring bycatch. Wigley et al. (2009) reported a total of 106,455 pounds of river herring
discarded between July 2007 and June 2008 for 22 fleets operating off the coast of New England
and the Mid-Atlantic. This estimate includes only river herring discards and does not include
river herring retained for sale. This report additionally does not include estimates of river herring
discards associated with underwater net release or pre-sorting, and is therefore likely to be an
underestimate of total river herring discards.
In another study, Cieri et al. (2008) used pooled data from the New England Fishery
Observer Program and the Maine Department of Marine Resources portside sampling program to
estimate river herring bycatch in the Atlantic herring fishery between 2005 and 2007. In contrast
to the estimates of Wigley et al. (2009), Cieri et al. (2008) estimates are for river herring catch as
a non-target species, and are not estimates of discards only. The results of this study indicate that
although almost 70% of individual trips reported no river herring bycatch, a small percentage
(less than 1%) experienced river herring bycatch rates of greater than 10% of total catch.
Estimates of total annual river herring bycatch over this time period ranged from approximately
172,000 pounds of river herring in 2006 to a high of 1.7 million pounds in 2007.
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These data indicate that although river herring may represent a relatively low proportion
of total catch in the high-volume Atlantic herring fishery, these relatively rare bycatch events can
capture significant amounts of river herring relative to the total remaining population. In fact,
this study indicates that the amount of river herring caught in the Atlantic herring fishery alone in
a given year can be higher than the total in-river commercial landings reported along the entire
Atlantic coast (ASMFC 2009a), and a single net tow can remove numbers approximately
equivalent to the size of an entire spawning run (Cournane 2010).

Bycatch in the Atlantic Squid, Mackerel, and Butterfish Fishery
In the Mid-Atlantic and extending into New England (Figure 8), a multi-species fishery
exists for two species of squid (Illex illecebrosus, short-finned squid, and Loligo pealei, longfin
squid), Atlantic mackerel (Scomber scrombrus), and butterfish (Peprilus triacanthus). The MidAtlantic Fishery Management Council manages these species together under one Fishery
Management Plan (MAFMC 1981). In contrast to the New England Fishery Management
Council plan for Atlantic herring, no corresponding state waters plan exists for squid, mackerel,
or butterfish at the level of the Atlantic States Marine Fisheries Commission.
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Figure 8: Geographic scope of the Squid, Mackerel, Butterfish fishery. Source: MAFMC 2012, Draft Environmental
Impact Statement for Amendment 14 to the Squid, Mackerel, Butterfish Fishery Management Plan.

Squid, mackerel, and butterfish are primarily harvested using trawl gear, and the MidAtlantic Council manages these species under quotas. Although a directed fishery for butterfish
once existed primarily for export to foreign markets (MAFMC 2012), currently, there is no
directed fishery for butterfish and the species is managed essentially as bycatch in the squid
fisheries. Since 2011, a mortality cap for butterfish has existed in the fishery for Loligo (NOAA
Fisheries 2012).
Bycatch of river herring in the Atlantic mackerel fishery has been mentioned as a concern
at least since the development of the ASMFC Interstate Fishery Management Plan for Shad and
River Herring in 1985 (ASMFC 1985). At one point in the early 1990s, river herring was
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reported to be accounting for 5-10% of catch in the Atlantic mackerel fishery, but bycatch rates
seemingly declined after this time (NC DMF 2007). In recent years, relatively low monitoring of
the squid, mackerel, and butterfish fishery have not allowed for precise estimates of river herring
bycatch. However, the Mid-Atlantic Council has roughly estimated that an average of 960,000
pounds of river herring may have been caught each year during the years from 2006 to 2010
(MAFMC 2012).

Fishery Overlap and Similarities
There are several important similarities between the fisheries for Atlantic herring and
those for squid and mackerel that are important to recognize when considering bycatch as an
inter-jurisdictional management issue and appropriate strategies for mitigating river herring
bycatch. The first is that there is a significant amount of overlap in the fleets (Robbins 2011),
with fishery participants often fishing opportunistically for all species. Particularly in the winter,
the fleet fishing for Atlantic mackerel and Atlantic herring are by and large the same (Jamie
Cournane, UNH, personal communication). There is also significant overlap in the areas fished
by each fleet, particularly in Atlantic herring management Area 2 (Figure 7; Figure 9) (Didden
2011).
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Figure 9: Distribution maps of Atlantic mackerel and Atlantic herring during NEFSC fall (left) and spring (right) bottom
trawl surveys, 1976-2010. Source: MAFMC 2012, Draft Environmental Impact Statement for Amendment 14 to the Squid,
Mackerel, Butterfish Fishery Management Plan.

Both the Atlantic herring resource and the mackerel resource were categorized as “underutilized” in the 1990s, and effort has expanded in both fisheries considerably, although both
fisheries are currently dominated by a relatively small number of vessels. Additionally, vessels
targeting mackerel using mid-water trawl gear also tend to catch large amounts of Atlantic
herring (NEFMC 1999; MAFMC 2012).
When the Fishery Management Plan for Atlantic herring was developed in 1999, fishery
managers hypothesized that participants in the squid, mackerel, and butterfish (SMB) fishery
would be likely new entrants to the Atlantic herring fishery. This was due primarily to the idea
that SMB participants could extend their fishing seasons by targeting herring in between fishing
seasonally for Illex and Loligo. Additionally, many of the SMB vessels were already
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appropriately outfitted with equipment such as at-sea freezing technologies, making them
capable of targeting herring resources farther offshore (NEFMC 1999).
Both management plans oversee small-mesh, high volume fisheries that face significant
challenges in monitoring and reporting of incidental river herring catch. Although incidental
catch of river herring at sea is typically retained and sold, it is rarely documented or reported
(ASMFC 2009a). Inadequate and incomplete data on river herring bycatch has been a significant
problem in understanding river herring mortality at sea (NC DMF 2007; MAFMC 2012). A large
part of this difficulty originates from the high-volume nature of these fisheries. Typically, catch
is pumped from large nets directly into a hold with little sorting. Procedures like these make
observation of non-target species difficult (Cieri et al. 2008), and lead to large amounts of
uncertainty in bycatch estimates (Wigley et al. 2009). Observer protocols specific to the midwater trawl fleet were not developed until the year 2005 (Katie Drew, ASMFC, personal
communication).
Observation of river herring bycatch is also particularly difficult in the Atlantic herring
fishery due to the physical similarity between river herring and Atlantic herring, making sorting
and sampling more difficult where it occurs. Another industry practice that makes observation
difficult is the occurrence of so-called “net slippage” events, when the contents of a net appear
undesirable, resulting in the crew releasing the net without bringing the catch onboard (NEFMC
2011).
The reporting of incidental catch of river herring is additionally a problem for
management due to the fact that river herring catch may discarded or it may be retained and sold,
resulting in some incidental catch being reported as landings and some as discards. Presumably,
there is some overlap between reported landings and estimates of total incidental catch, but the
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extent of this overlap is unknown (Katie Drew, ASMFC, personal communication). Incidental
catch has also been frequently reported using generic categories such as “bait,” or “herring
species,” giving unreliable estimates of catch of blueback herring and alewives (John Sweka, US
Fish and Wildlife, personal communication). Underreporting of incidental catch is thought to be
very high, due to low observer coverage, the episodic nature of river herring bycatch, difficulty
in sampling high-volume catch, and fishery practices that limit ability to sample catch (Lori
Steele, NEFMC, personal communication).
Observer coverage rates in both fisheries have typically been very low, although
coverage has increased in recent years in New England. Groups such as The Herring Alliance, a
coalition of environmental organizations, have suggested that the National Marine Fisheries
Service must improve observer coverage and monitoring in the Atlantic herring and Atlantic
mackerel fisheries in order to accurately document and minimize river herring bycatch (Schick
Kenney et al. 2007). Because river herring bycatch is episodic, low levels of observer coverage
likely result in imprecise estimates of frequency and magnitude of the problem. Additionally,
where observer coverage is low, vessel crew may be able to alter their typical fishing practices
when observers are present, known as the “observer effect” (Babcock et al. 2003). The Regional
Fishery Management Councils with jurisdiction over these fisheries in federal waters are in the
process of amending the fishery management plans for these species to limit river herring
bycatch and improve observer coverage and reporting.

Spatial and Temporal Patterns of Bycatch
The spatial location and spatial patterns of bycatch are important issues for management
to consider when adopting bycatch mitigation strategies. Bycatch events and bycatch rates
(bycatch per unit effort) often exhibit patterns of spatial clustering, meaning that bycatch events
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are more likely to occur in some areas than others. This is typically true at both single species
and multi-species levels (Lewison et al. 2009).
Although information and data regarding river herring movements and ecology at sea are
limited, seasonal patterns in river herring aggregations are apparent based on information
available. Neves (1981) reported that patterns of occurrence of river herring at sea appear to be
related to temperature, and most were caught at depths of less than 100 meters. River herring
cluster in the Gulf of Maine during the fall, but appear to move completely outside of this area
during the winter, moving south to Southern New England through North Carolina. In the spring,
river herring are widely distributed over most of the coastline as they migrate back to their natal
rivers to spawn (Jamie Cournane, University of New Hampshire, personal communication). In
the summer and early fall, river herring move toward Nantucket Shoals, Georges Bank, coastal
Gulf of Maine, and the inner Bay of Fundy (ASMFC 2009a); during this time neither species is
thought to occur south of 40 degrees North latitude (Neves 1981). River herring have also been
observed aggregating in the inner Bay of Fundy during the summer months, and may move
inshore during the summer and offshore during the winter in order to exploit seasonally available
food resources (Stone and Jessop 1992). (See: “At-Sea Distribution and Ecology,” Figures 4 and
5.)
Research is currently being conducted to identify areas and times when river herring may
be more susceptible to ocean gear in certain fisheries (Cournane and Correia 2010). Cieri et al.
(2008) found that river herring bycatch was greatest in the late fall and winter, when Atlantic
herring, Atlantic mackerel, and river herring mix as they migrate near Cape Cod. Most bycatch
occurred near Cape Code and in Southern New England form the fall through the spring.

!

%"!

As of yet, it is unclear whether certain populations of river herring are disproportionately
affected by bycatch events based on unique migration patterns or other factors influencing
susceptibility to bycatch events. Because relatively little information is available describing river
herring distribution and migrations at sea, it has been difficult to draw connections between
bycatch and sea and declines in specific coastal populations (Eric Palkovacs, Duke University,
personal communication).

Regional Fishery Management Council Actions to Reduce River Herring Bycatch
Currently, both the New England Fishery Management Council and the Mid-Atlantic
Fishery Management Council are amending their respective Fishery Management Plans for these
species in order to address monitoring issues and the problem of river herring bycatch. These
amendments are on a very similar timescale, and are considering many of the same management
options to mitigate river herring bycatch. However, the sets of management options currently
still on the table for each amendment differ in some key areas, meaning that these amendment
processes may result in different regulations between the two fisheries. Due to the overlap in the
fishing fleet and fishing areas, close coordination between the two Councils in the process of
adopting these two amendments would be ideal in order to develop consistent and effective
management measures to limit and monitor river herring bycatch.
New England Fishery Management Council: Amendment 5 to the Atlantic Herring Fishery
Management Plan
The New England Fishery Management Council is currently amending their Atlantic
Herring Fishery Management Plan with the primary intention of improving catch monitoring in
the herring fishery and addressing problems with bycatch in the Atlantic herring fishery. For
improved catch monitoring, the Council aims to create a more effective, well-designed program
for more accurate monitoring of all species caught, to create a framework for adaptive
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management, and to determine the comparability of at-sea sampling bycatch estimates to those
estimated via dockside monitoring programs (NEFMC 2011).
Amendment 5 alternatives being considered include a specific set of management
measures to limit river herring bycatch. Many of these are spatial management alternatives, and
different measures may be applied to different areas. The Council has attempted to identify
“hotspots” where river herring bycatch occurs more frequently, and this information will ideally
be used to inform management decisions about where and when to apply certain regulations. In
areas that may be bycatch hotspots, management options may include restrictions on fishing in
these areas, catch trigger-based fishery closures, or increased requirements for observer coverage
and reporting (NEFMC 2011). Fixed-area closures may not be the best option, as river herring
migrations and aggregations may vary on a year-to-year basis. A more effective option would be
rolling hotspot closures (Jamie Cournane, UNH, personal communication), as there is no way to
ensure effort will not shift to other areas with similar or higher bycatch rates if certain areas are
closed.
Additionally, the Council is considering options to improve observer coverage and
reporting generally, such as an option for 100% observer coverage (NEFMC 2011). Observer
coverage in the Atlantic herring fishery has been variable and low over the years, typically
averaging around 3 to 6% coverage rates (Schick Kenney et al. 2007), but has improved in recent
years to nearly 20 or 30% (Lori Steele, NEFMC, personal communication). However, observer
coverage in the Atlantic herring fishery varies by gear type, and can be lower for some vessels
(Jamie Cournane, UNH, personal communication). Options under consideration for Amendment
5 additionally include measures to prioritize funding for observer coverage, and methods to
improve the sampling of catch (NEFMC 2011).
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The Council is also considering measures that would mandate reporting of and provide
disincentives for the dumping of unreported catch. This would possibly include regulations like
trip termination requirements once a certain number of net slippage events occurred, and would
incentivize pre-sampling of species to avoid bycatch events (NEFMC 2011).
Mid-Atlantic Fishery Management Council: Amendment 14 to the Squid, Mackerel,
Butterfish Fishery Management Plan
The Mid-Atlantic Fishery Management Council, on a similar timeline, is amending the
Fishery Management Plan for Squid, Mackerel, and Butterfish to address three major goals:
improved monitoring and reporting, decreased bycatch of river herring and American shad, and
consideration of river herring as a “stock in the fishery” under National Standard 1 of the
Magnuson-Stevens Act. The Council is considering primarily management measures that would
impact the fisheries for longfin squid (Loligo) and Atlantic mackerel, as the shortfin squid (Illex)
fishery appears to have little interaction with river herring or shad, and the butterfish fishery is
primarily a bycatch fishery (MAFMC 2012).
Potential options to address monitoring and reporting include additional vessel reporting
measures, additional dealer reporting measures, optimization of at-sea observer coverage,
increased levels of observer coverage, and port-side or other sampling programs. Observer
coverage in this fishery is low, and little is known about actual levels of river herring catch (Lori
Steele, NEFMC, personal communication). Each of these previously mentioned alternative sets
includes a number of specific management options currently under consideration, for example,
requirements for increasing the frequency of vessel trip reporting from monthly to weekly
(MAFMC 2012).
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Specific alternative sets that include measures to limit river herring and shad bycatch
include mortality caps, fishing restrictions in areas of high river herring bycatch, and restrictions
in river herring bycatch hotspots (MAFMC 2012).
The last set of alternatives being discussed by the Mid-Atlantic Council is the possibility
of designating river herring as a “non-target stock in the fishery” under the management plan for
Squid, Mackerel, and Butterfish. Under the provisions of National Standard 1 of the MagnusonStevens Fishery Conservation and Management Act, the Regional Fishery Management Councils
may decide which stocks or stock complexes to designate as stocks “in the fishery,” and have the
option of designating a stock or stock complex as a “non-target stock in the fishery.” Non-target
stocks are species that are caught incidentally in fisheries targeting other species, regardless of
whether or not they are retained for sale (NMFS 2009b).
For species designated as “in the fishery,” including non-target stocks, the Councils must
describe data for the stocks and implement measures to end and prevent overfishing. There is
some flexibility in the law in ways to accomplish this, including fulfilling some federal
management requirements through implementation of the Interstate Fishery Management Plan by
the Atlantic States Marine Fisheries Commission. If river herring were to be designated as a nontarget stock in the fishery under the Fishery Management Plan for Squid, Mackerel, and
Butterfish, river herring would be federally managed and receive many additional protections
and resources for management and monitoring (Herring Alliance 2011). Several conservation
groups and other stakeholders interested in the protection of river herring have been vocal in
their support for this option. The New England Council is not considering this strategy for
management in the Atlantic herring fishery (Lori Steele, NEFMC, personal communication).
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Bycatch as an Inter-Jurisdictional Fisheries Management Issue
The problem of bycatch at sea is not simply a technical or conservation problem; it is
additionally a problem partially rooted in the complicated management framework currently in
place for management of anadromous fishes in the United States. Because river herring are not
managed or fished for directly in federal waters, management priorities related to river herring
differ tremendously at the state and federal levels. The issue of river herring bycatch at sea is an
example of the earlier-discussed phenomenon of uneven protections of river herring by
jurisdiction: resources and efforts put forth at the state and local level to manage and conserve
river herring may be partially negated by the impacts of large, unmanaged sources of mortality at
sea. In other words, if river herring mortality in federal waters is not controlled, the measures put
in place by state agencies, local agencies, and the Atlantic States Marine Fisheries Commission
may be ineffective in solving a problem that in large part is out of their jurisdiction.
This problem appears to be well-recognized, and efforts have been made at all levels of
government to address these uneven protections. However, in practice, there is disagreement
about how to do so, and increased coordination would still likely be beneficial in this area. The
Atlantic States Marine Fisheries Commission has expressed concern about the possible negative
impact of river herring bycatch in at sea fisheries since at least 1985 in the development of the
Shad and River Herring Interstate Fishery Management Plan (ASFMC 1985). In 2009, the
ASFMC asked the Secretary of Commerce to take emergency action to implement bycatch
monitoring measures in federal waters, actions that were at the time being discussed by the New
England Fishery Management Council.† In addition, the ASMFC recommended that more
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federal resources be provided to support cooperative efforts between the Commission and the
councils for anadromous fishes (ASFMC 2009a).
The issue of river herring bycatch at sea is additionally an inter-jurisdictional fishery
management issue due to the need for the New England Fishery Management Council and the
Mid-Atlantic Fishery Management Council to develop consistent management alternatives to
manage river herring bycatch in what is largely the same fleet, fishing in part in the same areas
with the same gear. The adoption of inconsistent management alternatives by the two Councils
could result in ineffective bycatch mitigation. The Councils are aware of this need, and are
making efforts to develop amendments with management measures that are complementary.

Recommendations
In order to prevent the continued decline of river herring populations, coordinated
management efforts are needed to manage the negative impacts of multiple threats across the
entire range of the two species. This will include not only mitigation of bycatch at sea, but also
cooperation at various levels to manage habitat and water quality, water use and flows, habitat
connectivity, and other major factors impacting populations. Specific recommendations to
address these other issues are outside the scope of this project. The following are
recommendations toward the development of an improved inter-jurisdictional coordination
strategy, including a bycatch mitigation strategy that is coordinated and consistent at multiple
levels of government.

Adopt Management Options for Bycatch Reduction and Monitoring that are
Consistent Across Councils
Because the New England Council and the Mid-Atlantic Council are amending their
Fishery Management Plans to address similar issues on such a similar time scale, they have a
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unique opportunity to closely coordinate in the development of management alternatives that are
consistent across these two jurisdictions. In part, these Councils manage the same fleet, with
some overlapping area of their managed fisheries. In order for certain management measures to
be effective, they should be applied in more or less the same way in both fisheries. If, for
example, one Council adopts a river herring catch cap and a fishery closure results from reaching
that cap, this measure would be less effective if fishing was allowed to continue in the other
fishery in the same area using similar gear. If the Councils do not adopt the same management
measures, they should include in their respective amendments options for responding and
adapting to management actions taken in the other fishery.
In the development of the amendments, the two Councils should initially consider the
same sets of management options, with a coordinated discussion of how these options are
feasible and appropriate for each fishery. In particular, both Councils should adopt management
measures to increase observer coverage in their respective fisheries, and both should explore the
possibility and potential consequences of listing river herring as a non-target stock in the fishery.
Increase Levels and Effectiveness of Observer Coverage
Effective observer programs are likely to be the best method of obtaining accurate
information about bycatch events at sea (Babcock et al. 2003). Observer coverage in these
fisheries has generally been very low, and increased scientific observation of these vessels is key
to understanding where, when, and why bycatch of river herring occurs, as well as how it might
be avoided. For river herring, accurate estimates of the frequency and magnitude of bycatch
events have been hard to come by, especially for the Squid, Mackerel, and Butterfish fishery. In
order to develop effective management measures, such as overall mortality caps, managers need
more information about occurrence of bycatch in order to set limits that are effective and fair.
For example, setting a catch cap too high would be ineffective in terms of conservation, and
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setting it too low would be unnecessarily burdensome on the fishing industry. Management
options for both Amendments 5 and 14 should additionally include increased reporting
requirements for catch that is released at sea without observation, in order to assess how
frequently this practice occurs in these fisheries and how it may be skewing estimates of river
herring bycatch. Additionally, the Councils should continue to partner with academic
researchers, non-governmental organizations, and others to increase knowledge of the spatial and
temporal patterns of river herring bycatch events.
It is difficult to determine an exact level of observer coverage that will be needed to
provide precise estimations of river herring bycatch. Babcock et al. (2003) suggest that an
observer coverage level of 20 percent is probably appropriate to estimate catch of common
species, and 50 percent is appropriate for the estimation of rare species. However, the level of
coverage required could be lower or higher for a fishery depending on fishery size and spatial
patterns of effort and bycatch. Additionally, these guidelines assume that observer coverage is
unbiased and random, which is often not the case. Because river herring bycatch has been
demonstrated to be very episodic, higher levels of observer coverage are likely necessary to
obtain precise estimates of bycatch. If the stock assessment for river herring indicates that
populations have declined to the point where very low levels of mortality have a significant
negative impact, 100% observer coverage may be necessary. However, it has also been
suggested observer coverage programs produce diminishing returns at a certain level of
coverage, that is, the benefits (i.e., increase in precision of bycatch estimates) do not increase in
line with the costs (i.e., costs to the industry of paying for observers) (NEFMC 2011). Therefore,
although increased observer coverage would provide more precise estimates of bycatch, 100%
observer coverage may not be necessary or useful.
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Consider Designation of River Herring as a “Non-Target Stock in the Fishery”
As previously discussed, the option to designate river herring as a “non-target stock in the
fishery” would increase protections for river herring as well as resources available for
monitoring and conservation. Official designation of river herring as a stock in the fishery could
be considered a step toward Ecosystem-Based Fishery Management, which both Councils have
taken steps toward embracing. Acknowledging the relationship between river herring and target
species in these fisheries would require the Councils to make management decisions with
consideration of how management measures impact river herring. Additionally, designation of
river herring as a federally managed stock would arguably address several management priorities
of the Atlantic States Marine Fisheries Commission.
The Magnuson-Stevens Fishery Conservation and Management Act defines bycatch as
discards, but because incidental catch of river herring is typically not discarded but retained and
sold, National Standard 9 of Magnuson-Stevens alone is unlikely to be an appropriate tool to
address bycatch of these species. If river herring were designated as a stock in the fishery, all
catch of river herring would have to be accounted for and limited to “acceptable” levels. Stock in
the fishery designation would also allow the Councils to designate Essential Fish Habitat for
river herring, ensuring that federal agencies would have to consult with NOAA on projects that
could impact important river herring habitats.

Formalize the Coordination Processes
At the time of development of the Fishery Conservation and Management Act in the late
1970s, the public conversation about this piece of legislation centered largely on how it would
limit fishing access for foreign vessels and very little on how various fisheries management
agencies at the state and federal level would need to coordinate for the purposes of interjurisdictional fishery management. Thus, development of coordinating mechanisms between
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these various managing entities has taken some time (Bittleman 1996). Although state agencies,
the Atlantic States Marine Fisheries Commission, the New England Fishery Management
Council and the Mid-Atlantic Fishery Management Council communicate frequently about
management issues and decisions, some representatives of these groups have expressed the
desire for more formalized channels of communication, including standardized reporting and
data sharing practices (Didden 2011). Currently, members communicate largely on a voluntary
basis, and it appears that communication is more frequent between some groups than between
others (Michelle Duval, NC DMF, personal communication).
Formalizing communications, including setting clear guidelines for the content and
timing of information exchange, would improve the understanding of river herring management
complexities, the sharing of best available information, and the development of appropriate
management alternatives. An improved communications strategy could involve increased
utilization of technology such as online meetings, online forums, or online collaboration tools for
the storage and development of management documents.

Improve Data and Information Sharing Via Centralized Source of River Herring
Information
Many varying sources of information about river herring ecology and management exist,
but are rarely found in the same place. This includes management documents, management
plans, peer-reviewed publications, gray literature, legal documents, and many others. Currently,
there is abundant management information contained the on the websites of individual Regional
Fishery Management Councils, as well as the website for the Atlantic States Marine Fisheries
Commission and individual state agency websites. Due to the fragmented nature of interjurisdictional fisheries management institutions, it is somewhat challenging for one agency to
keep up with the actions and priorities of the others in between meetings. This may be especially
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true for non-priority species, as is sometimes the case for river herring. Different approaches to
management and prioritization of river herring issues have likely led to some agencies with
readily available management documents, while others may lack sufficient information to
develop effective management measures or locate resources and contacts.
Other information can be found on state agency websites, from environmental and other
non-governmental organizations, and on databases of peer-reviewed literature. In order to
understand the complexities of river herring population dynamics, the multitude of threats that
river herring face, and how managers are addressing these issues, it would be useful for many
managers and scientists to have a comprehensive, web-based source of relevant river herring
related information.
A model for this tool could be the recently developed website
www.riverherringnetwork.com, which is a Massachusetts-based online network for local river
herring managers and other interested stakeholders in that region. This website contains a
compiled list of peer-reviewed publications, a blog with current news related to river herring, a
forum for online communication, news articles, and an aggregation of resources related to river
herring. Such resources include links to local, state, ASMFC, and federal management
information, grants and funding opportunities, university research projects, conservation groups,
and best practices for local herring managers. This website could provide a starting point for a
central source of river herring information, and could be expanded to include a geographic scope
beyond Massachusetts and New England.
As Adger et al. (2005) points out, in cross-scale resource management situations, often
“information and knowledge become highly asymmetric within the governance system. The
powerful have the important information because they can afford to invest in obtaining it.” An

!&)!

accessible, web-based information platform such as this would also allow for increased
stakeholder involvement from individuals, lower levels of government, and conservation groups
with an interest in river herring.

Conclusion
River herring, once seasonally abundant in nearly every major river along the Atlantic
coast, are near historic population lows and are in dire need of strong protections to limit further
population declines. In addition to their ecological value, river herring hold a unique cultural
importance, fascinating multiple generations of coastal residents and visitors who watch them
return every spring. There are many people with a strong interest in conserving these fish,
however, the current management framework for river herring and multitude of threats to their
populations have made comprehensive recovery efforts very difficult.
The bulk of management effort and threat mitigation has been put forth in freshwater
systems, where threats and solutions are typically more apparent. As for other anadromous
species, the marine life history phase of river herring has proven to be by far the most difficult to
understand. What happens in the marine environment is often referred to as the “black box,”
(See: Wilson 2007) as mangers typically must rely on scarce data and estimates to fill in gaps in
knowledge of life history and mortality. The health of river herring populations returning to
reproduce in freshwater directly depends on the survival of sufficient numbers of river herring at
sea, and although river herring bycatch events appear to be episodic, even relatively rare bycatch
events can capture significant amounts of river herring relative to the total remaining population.
Mortality resulting from such bycatch events is likely to be significantly harming river herring at
their current low population levels, and possibly preventing recovery.
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As is the case for many other fish, the distributions and migrations of river herring do not
correspond with political and jurisdictional boundaries. River herring are a useful case study for
how inter-jurisdictional fisheries management in the United States is not set up for the protection
anadromous fishes, many other species of which are currently facing similar problems. Such
species would benefit from multiple agencies collaborating to develop coordinated,
comprehensive strategies for making management decisions given the varying priorities of
multiple agencies. This requires advanced planning, a clear and structured approach to making
decisions, and the development of joint management and conservation priorities. In order for
management and conservation of broadly distributed, migratory species to be effective, increased
coordination is needed to create innovative, effective management solutions.
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