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of the Interstate Fisheries Management Program administereq by

ic Stateg Marine Fisherieg Commission, This plan has
been reviewed ang endorsed by the Interstate Fisherjes Management
and River Herring Management Board ang Shad ang
River Herring Scientifijc and Statistica) Committee, Funds were
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EXECUTIVE SUMMARY

Preparation of a Fishery Management Plan for the anadromous
alosids {American and hickory shad, alewife, blueback herring) of
the East Coast of the United States was recommended by the
Advisory Committee of the Atlantic States ﬂar?ne Fisheries

Fresponse to the very low current levels of commercial landings
of all four species.

As part of the process of developing a Fishery Management
Plan for these species, ASMFC established a Shad and River
Herring Management Board, with répresentatives from each of the
e€ast coast states in which runs of the species occur and from
two federal agencies--the U.S. Fish and Wildlife Service (USFwsS)
and the National Marine Fisheries Service (NMFS). The Board
subsequently appointed a Scientific and Statistical Committee

NMFS. An Action Plan was developed at a Shad and River Herring
Management Workshop in Philadelphia, Pennsylvania, 2-3 February
1982, that called for subsequent activity to occur in twe

® Phase I - compile available data on the current status
and biology of each of the four species and define
potential options for mdnagement action

® Phase II - develop a management plan, with specification
of management actions where appropriate, and identify
research needs.

The Phase I report was completed in July 1984. This
management plan is based on information compiled in that document
and additional data acgquired since itg publication.

The statement of the goal of this management plan develcped
by the Roard is as follows:

The gcal of this Fisheries Management Pian (FMP)
shall be tc promote, in a coordinated coastwide
manrer, the protection and enhancement (including
restoration) of shad and river herring stocks
occurring on the Atlantie seaboard. This plan
was developed because of depletion of stocks from
overfishing, loss of habitat (resulting from
construction and operation of dams and from pol-
lutien), inconsistencies in management actions,
and lack of adeguate data.



The objectives of the plan are to:

Objective 1 -

Objective 2 -

Obiective 3 -

Objective 4 -

Regulate exploitation to achieve fishing mortality
rates sufficiently low to ensure survival and
enhancement of depressed stocks and the continued
well-being of stocks exhibiting no perceived
decline. A corollary to this objective is mini-
mization of exploitation of a given state's

stocks by other states or nations.

Improve habitat accessibility and quality in a
manner consistent with appropriate management
actions for nonanadromous fisheries. This
cbjective can be addressed by the following
types of management actions:

-- Improve or install passage facilities at dams
and other obstacles preventing fish from reaching
potential spawning areas

== Improve water quality in areas where water quality
degradation may have affected alosid stocks

-- Ensure that decisions on river flow allocatior
{(e.g., irrigation evaporative loss, out of
basin water transport, hydroelectric operaticns)
take into account flow needs for alosid migration,
spawning, and nursery usage

—-— Ensure that water withdrawal (e.g., cooling
flow, drinking water) effects {e.g., impingement
and entrainment mortalities, turbine mortalities)
do not affect alcsid stocks to the extent that
they result in stock declines.

Initiate programs to introduce alosid stocks into
waters that historically supported but do not
presently support natural spawning migrations,
expand existing stock restoration programs, and
initiate new programs to enhance depressed stocks.

Recommend and support research programs that

will produce data needed for 1) the development of
scientifically rigerous management recommendations
relating to sustainable and acceptable yields,

2) the preservation of acceptable stock levels,
and 3) optimal utilization of those stocks.
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Lack of much needed information resulted in the development
of many recommendations dealing with data needs. For this
reason, the plan is viewed as a dynamic document. Monitoring
of implementation and revision of the recommendations in response
to new data will be essential for the plan to be successful.
Recommendations of this management plan are as follows:

Requlation of Offshore Harvests

Recommendation 1.1

ASMFC will review, annually, Fishery Management Council
decisions and NOAA regulations based on those decisions that
relate to the anadromous alosids. Based on any new infor-
mation or changes in existing status of the stocks, directed
fisheries, or fisheries having a potential impact on the alosids,
ASMFC shall develop and submit recommendations te the Fishery
Management Councils. ASMFC shall retain their position as a
voting member on council committees that address anadromous
alosid issues (e.g., the Mid-Atlantic Council's Coastal Migratcry
Species Committee). :

Recommendation 1.2 .

ASMFC will closely monitor the establishment and growth
of joint venture and domestic mackerel fisheries in order to
evaluate the consequences to river herring stocks of their
capture as bycatch. ASMFC will join in the request of the
Mid-Atlantic Fishery Management Council for implementation of
a data collection.plan by NMFS pursuant to Section 303(e) of
the MFCMA. Data to be collected pursuant to such a plan should
conform to the recommendations set forth in Appendix € of
this plan. These data will be evaluated ard analyzed to arrive
at the recommendaticons mentioned abhove.

Requlation of Territorial Sea Harvests

Recommendation 2.1

Each state, in cooperation with NMFS, will monitor and
document existing and new FCZ and territorial sea fisheries
for anadromous alosids., The extent of participaticn, amount
of harvest, and timing and location of each fishery will be
documented; this information will be forwarded to ASMFC for
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of traditional fisheries in internal waters that target resident
stocks, while not encouraging new intercept fisheries in ter-
ritorial sea waters. Of greatest concern are fisheries taking
shad along the coast very early -in the year, including those
occurring in South Carolina, North Carolina, Virginia, Maryland,
and Delaware Bay. What appears to be an expanding summer-fall
gill net fishery in the Gulf of Maine should also be closely
monitored by the New England states. Sych fisheries should

not be encouyraged and, if evidence Suggests they pose a threat
to any single stock of shad, steps should be taken to prohibit
them.

Regulation of Harvests in Internal Water

Recommendation 3.1

enhancement of depressed or newly established stocks. Guidelines
for maximum exploitation rates are presented in Table v-1.

Recommendation 3.2

Individual states will initiate studies to document existing
fishing mortality rates of all four alosid species and to establish
if density dependent catchability exists. Recommended guidelines
for design of an acceptable study are presented in Table V-2,
States shall obtain at least preliminary data within 2 years
of adoption of this plan and provide these data to ASMFC for
integration and distribution to interested parties,
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Recommendation 3.3

Individual states shall improve records of catch and
effort in general, and shall make a special effort to establish
the amount of harvest reported as American shad and/or river
herring that is actually hickory shad. Examples of steps that
could be taken include education of fishermen, modification of
reporting forms or mechanisms, and creel/harvest census during
critical time periocds.

Water Quality

Recommendation 4.1

Resource management agencies in each state shall evaluate
their respective state water quality standards and ¢riteria to
ensure that those standards and criteria account for the special
needs of anadromous alosids. This action should be taken within
the normal cyclical process of criteria review that occurs in
most states. Steps should be takén within 1 year of implementa-
tion of this plan to create a new class of waters {or redefine
an existing class) to acknowledge status or potential status
as anadromous alosid spawning and nursery areas (analogous to
"trout waters"). Primary emphasis should be on locations
where sensitive egg and larval stages are found. For those
agencies without water quality regulatory authority, protocols
and schedules for providing input on water quality regulations
tc the responsible agency should be identified or created.
Waters of existing or potential value as alosid spawning/nursery
areas should be identified for the appropriate water quality
agency. Agencies in each state shall initiate actions to
establish water quality criteria protective of anadromous
alosid habitat requirements, but consistent with the management
objectives for other species, Suggested values for key para-
meters are presented in Table v-3.

Recommendation 4.2

Results of ongoing studies dealing with the effects of
acid deposition on anadromous alesids will be reviewed by all
appropriate agencies and ASMFC as they become available.
ASMFC will summarize those findings in a position document on
an annual basis. Should those findings support the contention
that acid deposition is having a deleteriocus impact on anadromous
alosids, ASMFC shall offer that document as supporting evidence
to all organizations and individuals pursuing acid rain controls
and/or mitigation measures.
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Flow Requirements .

Recommendation S.1

Recommendation 5.2

In reviewing proposed projects that will affect flow
regimes, agencies shall ensure that continuous minimum flows
and the manner in which the operation of any facility alters
flows will not adversely affect anadromous alosids. Guidelines
for desirable instream flow variables are Presented in Table
V-4, State agencies should, if necessary, solicit the advice
of the USFWS Instream Flow Group in developing flow recommenda-~

Other Babitat Factors

Recommendation 6.1

All state and federal agencies responsible for reviewing

Recommendation 6.2

ASMFC and federal fisheries agencies shall continue to
monitor progress in the development of Bay c¢f Fundy hydroelectric
projects. Communications with the Department of State and all
interested members of Congress shall be renewed on an annval
basis to reiterate opposition to the Projects unless it can be
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demonstrated that no significant mortality to alosids will

occur. Continued environmental studies shall be encouraged.
Annual status reports based on information obtained from the
Canadian government and Project developers will be prepared

and distributed to Board and Scientific and Statistical Committee
members. ASMFC will request from the U.S. Department of State
the right to review all environmental impact predictions

prepared as part of pProject development. Factors that influence
U.S. purchase of power from these projects should be monitored

Restoration of Anadromous Alosids

Recommendation 7.1

All agency personnel participating in anadromous alosid
restoration programs should be alert for indications of disease
or parasites. At present, no information exists to suggest
that transfer of disease or Parasites is a problem. However,
should a potentially serious problem arise, ASMFC shall develop
2 disease control and screening program for alosids. - Sych a
program could follow the form of the existing New England
Atlantic Salmon Disease Contrel Program. °

Recommendation 7.2

internal waters. Such an evaluation should include, at a
minimum, a listing of waters that currently do not support
anadromous alosid stocks but that might if water quality and
access were improved or created, Within one year from the date
of adoption of this plan, and annually thereafter, each state
shall provide to ASMFC this evaluation, a Summary description
of ongoing restoration efforts, and a statement of anticipated
restoration activities for the next five years. ASMFC shall

Recommendation 7.3

ASMFC and all state and federal resource agencies shall
support, in every way possible, the preservation and enhancement
of federal programs providing funds for the restoration of
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anadromous fish. Such programs include the Anadromous Fish

Act and Wallop-Breaux programs and other federal grant programs
that support studies of anadromous alesids, such as Sea Grant
and Coastal Zone. It is obvious that most of the very Successfuyl

special licenses or stamps.

Recommendation 7.4

All state and federal agencies shall cooperate toc further
all current or Planned anadromous alosid restoration efforts,
Because the acquisition of gravid adults for transplanting is
essential for most restoration efforts, those agencies having
regulatory control over existing healthy runs of all species
should be particularly sensitive to the needs of agencies
implementing restoration efforts and should provide the
maximum cooperation possible. ASMFC's Shad and River Herring
Board will serve as a coordinator to resolve any major disputes.

Recommendation 7.5

Because of the important role of turbine mortality in
determining the success or failure of many restoration programs,

"fish passage" should consistently be interpreted to include
downstream Passage in any discussion of restoration activity.
Results of ongoing and new studies shall be provided con an

Recommendation 7.4

All resource agencies shall OPpoOse any new hydroelectric
projects proposed for drainage systems currently supporting
or with potential for supporting anadromous alosid runs unless
the developer can demonstrate to the agencies' satisfaction
that the project, as proposed, will not have an unacceptable
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adverse impact on alosid runs. -Of particular concern here are
small-scale hydroelectric projects existing or proposed for
smaller drainage systems supporting river herring runs. Cumu-
lative impacts of several facilities on the same drainage
system must also be considered. Major issues are upstream
passage of spawning adults and successful downstream passage
(i.e., avoidance of turbine mortality) of outmigrating, spawned-
out adults and juveniles.

Research Needs

Recommendation 8.1

ASMFC shall serve as a coordinator of research conducted
along the east coast dealing with anadromous alosids. ASMFC
will prepare a summary compendium of ongoing studies annually.
Grant applications and/or proposals for anadromous alosid
research programs submitted to federal and/or state agencies
should be provided to ASMFC for comment Lo ensure that the

focus of new studies is consistent with maragement needs
identified in this plan.

Recommendation 8.2

i

In assigning pricrity for research funding under PL89-43
(Anadromous Fish Conservation Act), NOAA/NMFS and USFWS shall
assign high priority to applications for state projects that
satisfy data needs identified as having a high pricrity in
this plan (see Table V-12 and V=13).

Recommendation B.3

ASMFC shall design and coordinate the implementation of an
interstate coastal shad tagging research program (see Recommenda-
tion 2.1). A tentative study design is presented in Table v-14.
The initial interstate effort will focus on participation by
South Carolina and North Carolina, or other states where the
nature of the fishery makes the study more feasible. ASMFC
will be responsible for coordination of the activities of
individual states and integration and interpretation of results.
Studies that lead to the development of techrniques to identify
the river of origin of fish taken in mixed stock fisheries
(e.g., ocean tagging, extensive within river tagging, innate
indicators} should be encouraged in order to enhance the
interpretation of findings of this tagging program.
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Recommendation 8.4

In establishing new anadromous alosid research Programs,
state and federal agencies will proceed according to the
priorities presented in Table v-13.

Recommendation 8.5

available from NOAA (e.g., NMFS research trawl data, observer
data, experimental Polish trawl program data). This information
should be updated annually, and should be used to develop or
revise recommendations to the Fishery Management Councils on
regulations needed to protect traditional domestic river

herring fisheries.

Citizen Participation

Recommendation 9.1

Individual states are encouraged to establish programs that
involve citizens in implementation of this Plan. Such involve-
ment would be appropriate as individual state Plans are being
developed, Participation by user groups and interested citizens
may result in the public Support required to implement the
nlan.
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I. INTRODUCTION

Preparation of a Fishery Management Plan for the anadromous
alosids of the East Coast of the United States {(American and
hickory shad, alewife, blueback herring) was recommended to the
Atlantic States Marine Fisheries Commission (ASMFC)} by its
advisory committee, with the recommendation being adopted by the
commission in 198l1. This action was prompted by the very low
current commercial landings of all four species, which was
perceived as an indication that management action would be
required to restore stocks to their former levels of abundance.
The basis for action by the commission was that the four species
met five criteria for inclusion in the ASMFC Interstate Fisheries
Management Program (ISFMP) (ASMFC 1982):

® The species are valuable to the states and to the
nation.

¢ They are perceived to be in need ¢f management for
attainment of optimum yield.

® They are not currently scheduled for management under
the Magnuson Fishery Conservation and Management Act

® There is reasonable expectation that the plan can be
implemented. :

¢ The species are amenable to cost-effective management.

As part of the process of developing a Fishery Management
Plan for these species, ASMFC established a Shad and River
Herring Management Board which includes representatives from
each of the east coast states in which runs of the species
currently or formerly occurred: Connecticut, Delaware, Florida,
Georgia, Maine, Maryland, Massachusetts, New Hampshire, New
Jersey, New York, North Carolina, Pennsylvania, Rhode Island,
South Carolina, and Virgnia. The National Marine Fisheries
Service {NMFS) and the U.S. Fish and Wildlife Service (USFWS)
are also represented. .

The Board subsequently appointed a Scientific and
Statistical Committee to direct the development of the manage-
ment plan. The committee is made up of technical representa-
tives from each of the previously mentioned states and the two
federal agencies. An action plan was developed at a shad and
river herring management workshop in Philadelphia, Pennsylvania,
2-3 February 1982, which called for subsequent activity to
occur in two phases: .
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and bioclogy of each ©of the four species and define
potential management eptions

¢ Phase IT - develop a management plan with specific

management actions, where appropriate, and define
research needs.

Phase I in Interstate Management Planning for Migratory Alosids
of the Atlantic Coast." This document, which was made available
to the public through the National Technical Information Service
(NTIS), is included here as Appendix A, and presents the back-

The present document constitutes the ASMFC management plan
for the four anadromous alcsids and, to the extent possible, it
conforms to the standards for fishery management plans set by
the Magnuson Fisheries Conservation and Managemert Act of .
1976, HRowever, because of the unique nature of these fisheries,

this plan differs from the Magnuson aAct standards in the
following ways: ‘

® Stocks of all four species are at very low levels over
portions of their range. Thus, the major short term
goal of this plan is to restore or enhance the species
rather than to attain an optimum or maximum sustained

¢ Most exploitation of anadromous alcsids occurs in
the state of their origin, and interjurisdictional and
international conflicts are currently minimal., Aas a
result, the plan focuses on offering biclogical and
economic information of value to individual states in
protection and enhancement of their cwn stocks and
Promotes coordination among states in all activities
dealing with the anadromous alosids.

¢ Because this plan focuses mainly on restoration,

economic issues are not addressed. While the integral
role of economics in all fisheries is acknowledged

aspects of management. At a later time, when stocks
have been restored to stable and self-supportable levels,
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management recommendations may be revised to account

for economic factors.

This plan addresses the four species as a group.

This approach is possible and desirable because of

many similarities in their life history characteristics
and current status. Some management objectives included
here are applicable to all four species while others

are specific to individual species.

The absence of critical population bioclogy data for all
species limits the number of specific quantitative
management objectives that could be incorporated into
this plan. For this reason, many of the management
objectives deal with information needs and acquisition.
Thus, this plan is intended to be dynamic in nature;

as information gaps are filled management recommendations
will be revised and become more specific.

The remainder of this document is presented in four
segments:

The status of the stocks is summarized, based on
material presented in detail in Appendix A

Management problems are identified

[

Management goals and objectives are presented

Recommendations of actions necessary for achievement
of management cbjectives are presented.

All references cited in the text of this plan are listed
the biblicgraphy of Appendix A.



II. CURRENT STATUS OF THE EAST COAST ANADROMOUS ALOSID STOCKS

A. INTRODUCTION

As noted earlier, the Phase I document prepared as part of
this management program and appearing here as Appendix A presents
a compilation of available data on the current status and
biclogy of the four anadromous alosids of the eastern United
States. In this section, the Phase I report is summarized,
and in some instances (e.g., catch records) data are updated.

B. SPECIES AND FISHERIES OVERVIEW

The four anadromous alosid species addressed in this plan
are the American shad (Alosa sapidissima), hickory shad, (Alosa -
mediocris), alewife (Alosa pseudoharengus), and blueback herring
(Alosa aestivalis). Alewife and blueback herring are addressed
jointly as river herring because commercial fishermen do not
distinguish between them. Thus, all landings data include
only a single category for both species, labeled river herring.
Figure I-1 in Appendix A illustrates the four species. Figures
I-2 through I-5 in the appendix characterize the general life
history of each of the species. .

Of the four species, American shad and blueback herring
are the two most ubiguitous, spawning from Nova Scotia to
Florida. Hickory shad are more southern in distribution,
while alewives are more northern. All are anadromous, with
their spawning runs occurring from late winter to early summer,
depending on species and latitude. Existing data suggest that
the river herrings and American shad exhibit extensive seasocnal
coastal migrations, thus creating possibilities for interstate
conflicts in fisheries. Nothing is known of the migratory
behavior of hickory shad at sea. '

Fisheries for all four species have changed dramatically
during the 20th century. 1In the late 1800s and early 1900s,
large, annual catches of all four species were made along the
entire coast each spring, with most of the harvest being used
for human consumption (Mansueti and Kolb 1953),.

Coastwide harvests of all four species have declined
markedly since the early 1900s, with the mcst recent decline
occurring during the early 1970s. Tables II-2 and IV~l of
Appendix A present coastwide harvests of American shad and
river herring from 1930 to 1984, Landings data for hickory
shad (presented in Ch. III of Appendix A) are of questionable
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value for documenting stock trends. While changes in effort
may have contributed to the observed declines in landings, the
recent major harvest declines are believed to reflect major
declines in stock size. River herring declines are attributable
in part to large offshore river herring harvests by foreign
fisheries in the late 1960s and early 1970s (Table IV-15 in
Appendix A). Causes of declines in American shad and hickory
shad are less well defined, as is discussed at length in Appen-
dix A.

In addition to harvest levels changing over the last 50
years, the nature of fisheries, the use of harvest, and the
economic value of the species have also changed:

® Shad runs, where abundant, now suppeort extensive sport

fisheries that may be of much greater economic value
than commercial harvests {(e.g., on the Connecticut and
Delaware rivers).

¢ Extensive recreaticnal fisheries which formerly existed
in certain locations have essentially disappeared as
Stocks. declined (e.g., American and hickory shad in
Maryland).

¢ Use of commercially. harvested river herring has changed
from primarily human consumption to primarily pet food,
fish meal, and bait.

® Modes of harvest have changed dramatically for American
shad (from pound nets and haul seines to gill nets).

® The rate of increase in dollar value for all commercially
harvested alosids has consistently been less than the
inflation rate (Tables II-8 and II-19 in Appendix a).

Regional contributions to the coastwide stock declines of
all species have differed markedly. Greatest harvest declines
of both shad and river herring have occurred in the scutheastern
states and Chesapeake Bay region. Hickory shad stocks, which
are more southern in distribution, may have alsc declined
markedly. However, because only landings data are being con-
sidered here in evaluating stock status, it is possible that
effort and not stock size may have declined in some areas,

These observations must alsoc be tempered somewhat by acknowledging
the regicnal differences in fisheries that occur. Very little
commercial exploitation of river herring occurs in Delaware,

New Jersey, New York, and Connecticut. For this reascn, landings
data for the mid-Atlantic region do not serve as credible
indicators of stock size.

In the case of American shad, the Delaware, Hudson, and
Connecticut rivers support the only major shad runs north of
the Chesapeake Bay, in contrast to the large number of rivers
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supporting runs in the Chesapeake and scutheast regions,

Another factor that confounds trend comparisons between stocks
in northern and southern rivers is that the three major northern
rivers have each been the focus of some special activity (i.e.,
restoration, pollution abatement, or fishery closure). Such
factors prevent clear rigorous conclusions from being drawn
regarding geographical differences in stock trends.

All of the above topics are treated in greater detail in
Appendix A. Tables 1I-2 and IV-1l in Appendix A include American
shad and river herring landings data not included in the original
version of the Phase I report. Maine river herring landings
for 1982 and 1983 declined markedly from earlier years. However,
this is attributed to very high spring runnoff in those years
(T. Squires, pers. comm.), and the landings decline is not
viewed as an indicateor of stock decline. In North Carolina,
and Virginia, river herring landings in 1982 and 1983 appear
to have rebounded substantially from the extremely low harvest
taken in 1981. Whether this rebound reflects increased effort
or increased stock is not known at this time. Increases in
shad landings are also evident in North Caroclina and Virginia.
Without detailed effort data, no inferences about stock fluctu-
ations can be drawn from these new harvest figures.

C. SOCIOECONOMIC CONTEXT

[y

The nature of existing fisheries may help define management
actions that would contribute to stock enhancement., Because
all four alosids are anadromous, adult stocks concentrate in
inshore areas during the spawning season and are then most
vulnerable to exploitation. As a result, fisheries for these
species have traditionally been concentrated in the spring and
in areas adjacent to or within spawning locations.

Two major exceptions to these generalizations have occurred
in the past. Late in the 1950s purse seine fisheries in
Massachusetts took substantial amounts of shad and river herring
when menhaden stocks declined (p. II-9 of Appendix A). In the
late 1960s and early 1970s foreign fisheries began to explcit
river herring in coastal waters, with offshore annual harvest
eventually exceeding the domestic inshore harvest (p. IV-34 cf
Appendix A).

-In response to the declines in stock abundance that have
occurred over the past two decades, fisheries have changed
drastically. Thus, the current sociceconomic context for
management differs significantly from circumstances in the
past. This background can be summarized by category:

1) fisheries conservation zone (FCZ), territorial sea, and
Canadian fisheries and 2) internal waters fisheries.
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Fisheries Conservation Zone, Territorial Sea, and
Canadian Fisheries

® Currently, no domestic fisheries directed at river
herring occur in the fisheries conservation zone (FCZ)
or in territorial sea waters. Proposals for joint-venture
fisheries for mackerel, to be conducted with foreign
fleets, may alter this circumstance since such fisheries -
may take river herring as bycatch.

® Current total allowable landings for foreign fisheries
(TALFF) is very low and permits limited bycatch
of river herring. No foreign fisherijes directed at
river herrings exist.

® No foreign offshore fisheries for American shad exist
(shad are categorized as a prohibited species within
the FCZ). Domestic fisheries exist in offshore areas
(>3 miles from shore) and in territorial seas {(within
3 miles of shore). Southern territorial sea fisherijes
for shad yield the highest price Per pound for shad
along the east coast because they occur early in the

coast from Maine to South Carolina, although total
magnitude of harvest remains low relative to inshore
harvests.

® A limited Canadian fishery for American shad occurs in
the Bay of Fundy. While not of major significance at
Dresent, expansion of this fishery could pose a threat
to east coast stocks.

® Additional expansion of FCZ and territorial sea fisheries
may depend on market tactors.

Internal Waters Fisheries

American Shad

® Most internal waters fisheries occur in or near natal
streams.

® Fisheries in natal rivers tend to be traditional in
nature with long-~time participants, known markets,
well defined seasons impacted by timing of the run,
and fairly rigid timing of market demand. Primary
income for most shad fishermen is from other sources.
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¢ In southern states very substantial "sport" gillretting
' occurs; thus harvests are difficult to document,

e Sport fisheries have become prominent in the northeastern
and mid-Atlantic regions, to the extent that their
economic value exceeds that of concomitant commercial
fisheries in those areas. Conversely, in regions where
stocks have declined substantially sport fisheries
have virtually disappeared (e.g., Maryland runs).

Hickory Shad

¢ Limited commercial fisheries directed at hickory shad
occur in the socuth, preceding the American shad runs.
Most hickory shad harvest, however, is taken as bycatch
in the American shad fisheries.

e Hickory shad formerly supported major sport fisheries.
However, as stocks decline, these fisheries have also
declined.

® Dollar value of hickory shad often differs markedly by

state, based on public perception c¢f the desirability of
the species (p. III-6 of Appendix A).

River Herring

® . Major river herring fisheries in Maine and Massachusetts
are operated by local municipalities. Weirs are in
place on the home streams, are operated seasonally,
and yield harvests that go to traditional markets.

® Very limited river herring fisheries occur in the mid-
Atlantic region.

® Fisheries in the Chesapeake Bay and North Carolina
are dominated by pound nets. PFor such fisheries
that are specific to river herring to be profitable,
large amounts of fish must be harvested. 1In a sense,
the fisheries are self-regulating, since when stocks

are low, the fisheries become unprcfitable and are not
pursued.

¢ River herring are used primarily as commercial or
recreational fishing or crabbing bait, for processing
to fish meal, or as pet food. Some markets exist for
canned roe, but a minor percentage of toctal harvest is
used for human consumption.
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® Substantial sport fisheries exist for river herring
(hook and line as well as dip netting). These fisheries

D. SCIENTIFIC CONTEXT

Management actions should ideally be based on detailed
knowledge of a species' life history, its population dynamics,
and the type, pattern, and magnitude of its exploitation. In
the case of the four alosid species addressed here, the depth
of knowledge of these factors varies markedly, Particularly inp
the areas of life history and population biclogy. These limi-
tations will substantially constrain the types of management

and medified as new information beccmes available. The following
represents aspects of our knowledge of the species biology of

Hickory Shad

® Detailed hickory shad studies have been conducted inp
very few locations, and all have focused on spawning
stock  age structure and behavior,

¢ Juveniles are difficult to capture, and little is known
of their behavior during emigration.

® Virtually nothing is known about migratory patterns of
subadults and nonspawning adults.

® While precise homing to natal streams is assumed, no
evidence of homing exists,

® Very little is known of the pPopulation dynamics of the
species, except that spawning runs are dominated by old
repeat spawners toc a much greater degree than for the
other three alosid species,

River Herring

® Extensive studies of individual runs of alewife and
blueback herring have been conducted in states where
major fisheries exist, particularly in New England and
Virginia.
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¢ In New England states, where major spawning and nursery
grounds consist of lakes and ponds, long-term average
run size appears to be a function of the amount of
spawning/nursery acreage (Gibson 1984, unpublished
manuscript).

e In New England runs, fishing mortalities of 80 to 95%
do not appear to have a significant impact on spawning
success (p. IV-62 of Appendix A).

e In runs occurring in the southeast, some evidence of
the dominant year class phenomenon is seen in river
herring stocks. {(See discussion of Virginia runs on
p. IV=22 of Appendix A.) The nature of nursery areas
in Virginia differs from that of spawning areas in New
England waters, and acreage available for spawning
appears to have a lesser impact on stock size than is
the case in New England.

¢ Limited information suggests that river herring stocks
undertake extensive coastal migrations, summering in the
Gulf of Maine and Bay of Fundy, and wintering in the
mid-Atlantic area. Whether regional stocks differ in
their extent of migration and whether all stocks
intermingle are not known (see pp. IV-37 to IV=46 of
Appendix A}.

¢ Patterns of immigration and emmigration of adults and
juveniles from spawning areas are well documented.

® The deleteriocus impact of offshore foreign harvests of
Chesapeake Bay and southeastern region river herring
stocks suggests that excessive fishing mortality (perhaps
of subadult fish} can drastically reduce future
recruitment. This observation is not consistent with
findings in the New England area.

¢ Homing of New England stocks is well documented; degree

of precision of homing in stocks occurring in tributaries
of large estuaries has not been well documented.

American Shad

& Most of the detailed knowledge available concerning
American shad population dynamics is for the Connecticut
River. Less detailed data are available for other
rivers, including the Altamaha, Susquehanna, Delaware,
and Hudson.
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® In the Connecticut River, with present stock levels,
environmental variables (temperature and river flow)
appear to exert dominant control on spawning success
each year. For shad stocks at very low levels {e.qg.,
Pawcatuck River in Rhode Island) numbers of spawning
adults may be the major factor controlling spawning
Success (Gibson 1984, unpublished manuscript).

® Coastal migration patterns of shad are relatively well
documented. All east coast stocks intermingle at sea;
they summer in the Gulf of Maine-Bay of Fundy area and
overwinter in the mid-Atlantic region. Combined stocks
move inshore to the south at the beginning of their
spawning migration; individual stocks split from the
northerly moving aggregation as they encounter their
natal rivers,

® Patterns of immigration and emmigration of adults and
juveniles frem the spawning areas are well documented.

¢ Amount of escapement from the fishery is believed to
Play a major role in assuring the continued stability
of a stock. Modeling runs have suggested that for the
‘Connecticut River, harvest rates exceeding 40% of females
may endanger stock survival (Crecco 1985, unpublished
data).

E. MANAGEMENT CONTEXT

The distinctive characteristics of the fisheries for
the anadromous alosids and their life histories define and/or
constrain the types of management actions that are feasible
and that are likely to lead toward achievement of management
cbjectives., The following topics comprise the context within
which management recommendations must be developed., Fach is
supported by the technrnical material just discussed and elab-
orated on in Appendix A.

Homing and Inshore Fisheries

As a generalization, most fisheries for shad and river
herring occur in or at the mouths of the spawning streams or
rivers. (Individual exceptions occur such as the coastal shad
fishery in South Carolina.) It is likely that these fisheries
account for the major proportion of adult mortality. The
significance to management of the occurrence of homing and the
nature of these fisheries is that:
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® Drainage systems in general support unique stocks of
anadromous alosids.

® Fisheries on these individual drainages constitute a
major source of adult mortality.

Offshore and Coastal Migrations and Fisheries

The significance of migration patterns is that:

¢ Offshore fisheries (foreign or domestic) have potential
for affecting runs of all species along the entire east
coast.

¢ Proposed tidal hydroelectric facilities in the Bay of
Fundy area pose a serious threat to all east coast
river herring and American shad stocks (there is no
evidence of hickory shad occurring in the Bay of Fundy).

® Nearshore coastal shad fisheries may affect nonresident
shad stocks undertaking their regular seasonal migration.

Population Dynamics

1

The significance of population dynamics characteristics is
that:

® Any management recommendations regarding hickory shad
will have virtually no rigorous scientific basis.

. ® Management recommendations for all runs of American
shad may have to draw on information available in
very limited geographic areas.

¢ Habitat management (e.g., improving water quality and
access) may have greater impacts on stocks than would
harvest restrictions where runs are stable and near
maximum carrying capacity.

® Fishing mortalities could have very deleterious effects
on stocks that are at low levels, and harvest restric-

tions may offer the greatest possibility for enhancing
recruitment. :
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Geographic Differences in Stock Status

As was discussed earlier, alosid stocks in the Chesapeake
and southeast regions appear to have suffered declines, while
those of the mid-Atlantic and New England regions have not.
Opportunities for restoration of anadromous runs exist along
the entire coast, particularly in areas with large numbers of
existing dams. The significance of these points is that:

® Management recommendations should be focused on scuthern
and Chesapeake Bay stocks.

® Restoration could pPlay a major role in enhancing existing
stock levels in most regions.

Applicability of Management Options

The life histories of these species and their fisheries
determine the potential effectiveness of various management
actions.

® Harvest of river herring in the FCZ by U.s. fishermen,
either in directed fisheries or as bycatech, is currently
unregulated and cannot be regulated unless a management
plan is developed by the regional Fishery Management
Councils (FMCs).

¢ Because of the nature of the species' life history,
very few year classes make up the segments of American
shad and river herring stocks being exploited in coastal
and riverine fisheries. Thus, regulations relating to
size limits or mesh sizes and designed to prevent

® Types of regulations that affect the exploitation rate
of females will be most effective for controlling
recruitment of alosid stocks. Examples of such regula-
tions include 1ift days, seasons, area restrictions,
and gear-type restrictions.

F. REGULATORY FRAMEWORKS

Implementation of any management recommendations included
in this plan must be accomplished within existing regulatory
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frameworks. .In - the case of the anadromous alosids, the appli-
cable requlatory frameworks are numercus and complex.

Fisheries in the Fisheries Conservation Zone

During pericds of ocean residence, all alosid species are
vulnerable to fisheries operating in the Fisheries Conservation
Zone (3 to 200 nautical miles offshore). Such fisheries fall
under the broad management purview of the regional Fishery
Management Councils (New England, Mid-Atlantic, and South
Atlantic) under authority of the Magnuson Fishery Conservation
and Management Act. The councils receive technical/administrative

support and advice from the National Oceanic and Atmospheric
Administration.

American shad are currently classed as a prohibited species
for foreign fisheries within the ¥FCZ. By this classification,
none can be legally landed though incidental harvest and
overboard disposal are not regulated against. Hickory shad,
alewife, and blueback herring are collectively termed "river
herring."™ No fishery management plan (FMP) for anadromous
alosids in the FCZ currently exists. The species are menticned
in a Preliminary Management Plan for other species under
jurisdiction of the Secretary cf Commerce. A total allowable
level of foreign fishing (TALFF) for river herring is established
as part of the Preliminary Management Plan {(PMP) for finfish
caught incidentally to foreign trawl fisheries of the Northwest
Atlantic. The TALFF is then allocated annually to specific
countries by the Department of State based on recommendations
from NOAA. Total allocations cannot exceed the TALFF, and for
river herring the total landings have generally been well
below the TALFF (100 metric tons (mt)) in recent years (1981-
1984). No directed fisheries are permitted and all of the
TALFF is applied to bycatch. 1In the absence of an FMP, there
exists no regulatory basis for controlling river herring
harvests by United States fishermen within the FCZ. Joint-
venture fisheries, in which U.S. ships harvest fish which are
sold to foreign processing ships, thus fall outside the con-
straints of the TALFF. Joint venture fisheries must still
receive approval of the Councils, however, and receive a permit
from NOAA. :

State-Managed Fisheries

Fisheries within 3 miles of the coastline and in es-
tuarine and fresh waters fall under the regulatory authority

of the individual states. 1In many drainage systems, interstate
management plans have been developed for American shad, as
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will be discussed below. However, implementation of recommen—

dations in those plans is the responsibility of the individual
states, which are not legally bound by those plans.

Regulatory procedures differ substantially among the
states. 1In some the resource management agencies have fyl}
regulatory authority, while in others State legislatures retain
that authority. Details of regulatory procedures by state are
presented in Appendix 8. Differing procedures for implementing
regulations result in differing amounts of time required for
implementation. Time constraints may impact on the feasibility
cf proposed management actions.

Interstate Agreements

A large number of rivers supporting anadromous alosid
tuns occur along or cross state boundaries, and interstate
compacts or agreements exist for many: Potomac River (Maryland
and Virginia); Delaware River (Delaware, New Jersey, Pennsyl-
vania, New York, NMFS, FWS): Connecticut River {Connecticut,
Massachusetts, Vermont, New Hampshire, NMFs, FWS), Merrimack
River (Massachusetts, New Hampshire, NMFS, FWS}; Hudson River
(New York, New Jersey, USFWS, NMFS); and the sSt, Croix River
(Maine, Canada). .

Fisheries in the Potomac River are regulated by the Potcmac
River Fisheries Commission (PRFC). The Commission is made up
of representatives from Virginia and Maryland and is supported
by a technical staff responsible for drafting regulations
and monitoring the fisheries. The Commission has to date
developed no formal species management plans. Coordination of
PRFC regulations with those of Maryland and Virginia is informal,
by virtue of the lead resource management Persconnel from each
State being on the Commission. The District of Columbia has
recently established a fisheries management program and
coordinates their Ranagement activities with the PRFC.

Management of Connecticut River anadromous fisheries was
initially guided by the Connecticut River Fisheries Policy
Committee. The Connecticut River Atlantic Salmon Commissicn,
created by Public Law 98-138 in 1983, has since assumed responsi-
bility for all restoration efforts on the Connecticut River.

The commission includes members from Connecticut, Massachusetts,
New Hampshire, Vermont, 0.S. Fish and wildlife Service, and
Naticnal Marine Fisheries Service. The focus of management
activity has been restoration of American shad and Atlantic
salmon. Individual states retain autonomous regulatory authority,
except on Atlantic salmon. However, the Commission serves as

a forum for coordinating management activities of the individual
states,
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In the Delaware River drainage, the Delaware Basin Fish
and Wildlife Management Cooperative was created to manage the
interstate fisheries resources of- the basin. Consisting of
representatives from New Jersey, Delaware, New York, Pennsylvania,
NMFS, and USFWS, the Cooperative developed a comprehensive
fishery management plan for American shad in the Delaware. As
with the other cooperatives, implementation of the recommendations
is the responsibility of the individual states.

The Susquehanna River Anadromous Fish Restoration Committee
(SRAFRC) was created to guide efforts to restore anadromous
fish, particularly American shad, to the Susquehanna River
drainage system. The committee includes representatives from
Maryland, Pennsylvania, New York, USFWS, the Susquehanna River
Basin Commission, and the utilities that operate hydroelectric
facilities on the Susquehanna. Because restoration is in its
initial phases, all committee activities have dealt with tech-
nical matters in contrast to management or regulatory matters.
Pennsylvania and Maryland have agreed to keep Susquehanna
River shad fisheries closed while a restoration program is
proceeding.

A Technical Committee for Fisheries Management of the
Merrimack River was formally established on 29 September 1969.
This committee was formed to design and implement needed research
programs as well as to recommend sound fishery management
procedures for the restoration and utilization of anadromous
fish species in the Merrimack River basin. The committee
consists of representatives from the Massachusetts Division of
Fish & Wildlife, the Massachusetts Division of Marine Fisheries,
the New Hampshire Fish & Game Department, the U.S. Fish and
Wildlife Service, National Marine Fisheries Service, and the
U.S5. Forest Service.

Planning for development of a fisheries management plan
for the St. Croix River is currently underway. Tentatively the
management committee will include representatives from Canada's
Department <f Fisheries and Oceans, and from Maine's Atlantic
Sea Run Salmon Commission, Department of Inland Fisheries and
Wildlife, and Department of Marine Resources. A draft plan is
expected to be completed in 1985,

A cooperative agreement between Rhode Island and Connecticyt

for the management of anadromeous fish in the Pawcatuck River is
also currently being developed.
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IIT. STATEMENT OF THE PROBLEM

As was described in the introduction, stocks of all four

anadromous alosids, considered in aggregate along the entire

east
over
such
were

coast, have been perceived tc have declined substantially
the past two decades. Earlier, even more drastic declines,
as those of the early 1900s (Mansueti and Kolb 1953},
readily attributable to such factors as:

¢ Construction of large dams across the mainstems of major
spawning rivers that prevented access to large portions
of historical spawning areas

® Pollution of spawning and nursery areas

® overfishing due to the methods then allowed, including
extending nets across entire rivers, no stream closures,
and unlimited harvest. :

The more recent declines have been perplexing and frustrating

to fisheries managers for a number of reasons:

¢ No major new dam construction activity has occurred over
the past two decades.

¢ At least modest restrictions on fishing methods and
total effort have been in place for many years, both
before and after the recent decline {at least for the
inshore fisheries).

¢ While degradation of water quality concomitant with
increased development of watersheds has certainly
occurred in the last 20 to 30 years, the decline has
been gradual, while the major decline in alosid stocks
occurred in a relatively brief period in the late
1960s and early 1970s.

® Major declines appear to have occurred in stocks of the
southeastern and Cheasapeake Bay regions, while stocks
in the mid-Atlantic and New England regions appear
to have remained at "acceptable” levels or to have
actually increased,

® Concerns about declines in stocks have been based on
documented declines in commercial and recreational
harvests. While documented declines and relatively
anecdotal observations all support inferences of stock
declines, little hard data are available to rigorously
quantify the declining trends and establish statistical
relationships to potential causative factors.
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In order to develop management recommendations for these
species in the face of such uncertainties, specific problem
areas must be defined to the extent that existing information
permits. Based on the review and discussion of material pre-
sented in the Phase 1 document (Appendix A), the Scientific
and Statistical Committee and Management Board have identified
four problem areas relevant to all four of the alosid species
addressed here. These problem areas provide the framework
within which management recommendations were developed:

¢ Recruitment overfishing may have occurred for all species,
and excessive mortality due to fishing ma currentl
be Eeeglng stocks at 3e2ressea Tevels. Evidence of
this is strongest for river herring stocks, for which
extremely large offshore harvests of adult and subadult
fish were followed immediately by drastic declines in
southeastern and Cheasapeake Bay stocks. Relatively
high exploitation rates for American shad have been
documented in recent years for a number of spawning
rivers; excessive exploitation rates could cause
major stock declines. At low stock levels, recruitment
may be strongly affected by stock size. Thus, high
rates of exploitation on stocks at low levels will
severely depress recruitment.

® Habitat quality has declined. This generalizatiocn is
best supported by recent documentation of the decline
in water quality of the Chesapeake Bay (EPA 1984), but
is confirmed by findings of numerous other studies of
river systems along the east coast. The Delaware River
situation provides some confirmation of the validity of
this problem but from an opposite perspective. Improve-
ments in water quality in the Philadelphia-Camden area
of the Delaware River were accompanied by gradual in-
creases in shad stock:; however, in some systems (e.g.,
Ogechee River, Georgia) shad stocks declined drastically
with no observed changes in water quality. No substan-~
tial decreases in quantity of available habitat carn be
documented to have occurred in the past two.decades.
However, changes in river flows due to hydroelectric
development and water use may have had impacts on
specific stocks.

® American shad stocks from a large rumber of different
river systems may be exgosea Lo lntercept fisheries durina
residence in ocean waters. Rapild expansion of the
South Carolina coastal fishery in the last S or 6 vears
may have been supported by exploitation of mixed stocks
of fish moving northward as part of their spawning
migration pattern. However, no hard evidence of the
effect of this fishery on exploitation rates of non-
resident stocks is available. Restrictions on stationary
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gear (the major type used in this fishery) went into
effect within the last two years, but apparently had
only a limited impact on -shad harvest (W. McCord,

South Carolina Wildlife and Marine Resources Department,
personal communication). Evidence ©f increased harvests
of shad in territorical seas and the FC2 exists for
many states along the coast (including Delaware Bay),
and all such fisheries are exploiting multiple stocks.
These types of fisheries pose potential interstate
management problems. The lack of knowledge of the
contribution which these fisheries make to total mortal-
ity of various stocks, the lack of knowledge as to

which stocks are being most affected and the vulner-

additional sources of mortality all point to the poten-
tial importance of these intercept fisheries.

Major data deficiencies limit the development of scientif-
lcally rigorous management decisions., As has already
been ﬁlscussea, many elements of

population bioclogy and
life history are poorly documented for the anadromous
alosids, especially hickory shad. This lack of knowledge
will prevent the development of scientifically rigorous
management recommendations. For example, recommendations
on sustainable yields will not be possible., The almost
total absence of useful data on hickory shad will allow
development of only general recommendations for that
species. However, the review of existing information
does allow us to set research priorities.
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IV. STATEMENT OF MANAGEMENT GOAL AND OBJECTIVES

A. MANAGEMENT GOAL

The goal of this management plan is as follows:

The goal of this Fisheries Management Plan (FMP)
shall be to promote, in a coordinated coastwide
manner, the protection and enhancement‘ (including
restoration) of shad and river herring stocks
occurring on the Atlantic seaboard. This plan was
developed because of depletion of stocks from
overfishing, loss of habitat (resulting from con-
struction and operation of dams and from pollution),
inconsistencies in management actions, and lack of
adequate data.

This management goal was established at a joint meeting of
the Scientific and Statistical Committee and the Management
Board, held in Windsor Locks, Connecticut, 18-19 July 1984. The
debate leading to establishment of this goal was long and often

heated.

Two major points of contention were:

The need or lack of need for numerical goals. This
argument centered on the basis for assessing whether

the goal was being approached or met. One school of
thought was that some numerical goal, such as commercial
harvest levels experienced in the early 1960s, should

be set as a basis for tracking the success of whatever
management actions were implemented. The counter schocl
of thought was that landings were heavily influenced by
effort and market factors, thus placing into question
the comparability of past and future harvest totals.

The consensus was that the primary problem at present
was that stocks were extremely low, and that it was
premature to set specific numerical goals, especially
since the focus of this plan is relatively short term.

A number of existing state and interstate restoration
plans do have numerical goals.

Time limits for attainment of goals. This argument was
similar to that concernhing numerical goals, that is,
some benchmark was necessary against which to measure
proegress. The consensus was that time limits for some
objectives should be set, but that a time limit for the
attainment of the overall goal was inappropriate.
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B. OBJECTIVES

problem in Section IIT above, and they provide the rationale
for the recommended management actions, which follow in Section

V.

of stocks exhibiting no perceived decline. A corollary
to this objective is minimization of exploitation of
a given state's stocks by other states or nations.

Objective 2

Improve habitat accessibility and quality in a manner
consistent with appropriate management actions for
nonanadromous fisheries. This objective can be

addressed by the following types of management actions:

== Improve or install Passage facilities at dams and
cther obstacles Preventing fish from reaching poten-
tial spawning areas.

=- Improve water quality in areas where water quality
degradation may have affected alosid stocks.,

== Ensure that decisions on river flow allocation
(e.g., irrigation evaporative loss, out of basin
water transport, hydroelectric operations) take
into account flow needs for alosid migration,
spawning, and nursery usage,

=- Ensure that water withdrawal {(e.qg., cooling flow,
drinking water) effects (e.g., impingement and
entrainment mortalities, turbine mortalities) de
not affect alosid stocks to the extent that they
result in stock declines.

Objective 3

Initiate programs to introduce alosid stocks into
waters that historically supported but do not pPresently
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support natural spawning migrations, expand existing
stock restoration programs, and initiate new programs
to enhance depressed stocks.

Objective 4

Recommend and support research programs that will
produce data needed for 1) the development of scien-
tifically rigorous management recommendations relating
to sustainable and acceptable yields, 2) the preserva-
tion of acceptable stock levels, and 3) optimal utili-
zation of those stocks.

IV-3



V. MANAGEMENT RECOMMENDATIONS

The management recommendations presented here consist of
actions that the Scientific and Statistical Committee and
Board feel are necessary to achieve the objectives presented
in Section 1V. As was stated in earlier portions of this
plan, many of these action items will generate data useful for
development of additional recommendations. Thus, this plan
must be modified on a regular basis if the management goal is
to be ultimately met. Most of the following recommendations
relate specifically to the objectives presented in Section 1IV.

A. REGULATION OF EXPLOITATION RATES

Concerns about exploitation fall into three basic categories,
as presented in Section III, "Statement of the Problem":

® Exploitation of river herring, specifically,
and American shad (if such harvest occurs) in the
Fisheries Conservation Zone to the extent that inshore
harvests and stock levels are affected

¢ Establishment or expansion of territorial sea fisheries
for American shad (within 3 miles of shore) that exploit
nonresident stocks

® Excessive exploitation of all of the alosids within
traditional fishing grounds (i.e., internal waters)
to the extent that recruitment overfishing is possible
Oor stocks are prevented from increasing to levels
supportable by existing habitat,

Specific management recommendations are presented for each

of these three categories, following some elaboration of the
basis for the concern and for the recommendation.

Exploitation in the Fisheries Conservation Zone

The potential problem of excessive harvest of river herring
in the Atlantic Ocean from 3 to 200 miles cffshore has very
recently become a critical issue. Relevant events of the
first several months of 1985 are documented in Appendix C.
Applicaticns to the Mid-Atlantic Fisheries Management Council
for joint venture fisheries for mackerel prompted the recent
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activity. River herring are taken ag bycatch in mackerel
fisheries, and mackerel harvests of the magnitude projected
for these fisheries would have resulted in river herring by-

resolution led the council to assign the issue to its Coastal
Migratory Species Committee for resolution. ASMFC was again
invited to send representatives to the committee meeting to
act in an advisory capacity. Minutes of this § March 1985
meeting are presented in Appendix ¢. The major actions resyl-
ting from this meeting were:

® Foreign mackerel fisheries were excluded from areas
within 20 miles of shore and from a zone south of a
line extending east from just north of the mouth of
the Chesapeake Bay. TALFF was specified to be less
than 1% of mackerel harvest, with no total limit. The
intent of these modifications was to exclude foreign
fisheries from areas where river herring bycatch was
éxpected to be high, and where the stocks being affected

® The committee concluded that they could not impose
restrictions on mackerel fisheries prosecuted by American
fishermen, whether operating on their own Or as joint=-
venture partners. Thus, no action was recommended by
the committee that would decrease the likelihood of
large amounts of river herring being taken as bycatch
by American fishermen. -

® The committee requested ASMFC assistance in developing
@ list of data that could be recorded by NOAA observers
working on cffshore vessels and that would cehtribute
to assessing the potential significance of river herring
harvests in these expanding fisheries. Data needs
were forwarded to the council,

Offshore harvests represent an uncalculated threat to
inshore domestic fisheries. The possibility of dramatic changes
in the offshore fisheries, with concomitant changes in river
herring harvests, confirms the need to monitor this situation
and initiate new actions to proteet and enhance the river
herring stocks as circumstances change. Recent events demon-
strate that cooperation among ASMFC, the councils, and NOAA is
feasible even in the absence of any formal cooperative agreement.
However, under this arrangement, ASMFC remains in only an
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®* Recommendation 1.1

ASMFC will review, annually, Fishery Management Council
decisions and NOAA regulations based on those decisions
that relate to the anadromous alosids. Based on any
new information or changes in existing status of the
stocks, directed fisheries, or fisheries having a
potential impact on the alosids, ASMFC shall develop
and submit recommendations to the Fishery Management
Councils. ASMFC shall retain their position as a voting
member on council committees that address anadromous
alosid issues (e.g., the Mid-Atlantic Council's Coastal
Migratory Species Committee).

¢ Reccmmendation 1.2

- ASMFC will closely monitor the establishment and growth
of joint venture and domestic mackerel fisheries in
order to evaluate the consequences to river herring
stocks of their capture as bycatch. ASMFC will join
in the request of the Mid-Atlantic Fishery Management
Council for implementation of a data collection plan
by NMFS pursuant to Section 303(e) of the MFCMA. Data
to be collected pursuant to such a plan should conform
to the recommendations set forth 'in Appendix C of this
plan. These data will be evaluated and analyzed to
arrive at the recommendations mentioned above.

Territorial Sea Fisheries

The issue of territorial sea fisheries relates primarily
to American shad at present. Wwhile no similar problems appear
to exist currently for either hickory shad or river herring,
the recommendations below would apply to those species should
similar problems arise some time in the future,

During preparation of this plan, potential problems with
expanding shad fisheries in the ocean along the Atlantic coast
were identified in Maryland, New York, New Jersey, South Carclina,
and the Gulf of Maine. The nature of this pctential problem
is that these fisheries take shad originating in many different
river systems along the east coast, as documented by a number
of tagging studies (see Appendix A). Fisheries in the Delaware
Bay also exploit stocks from many other georgraphic areas.

These fisheries are potentially disruptive of traditional
fisheries in internal waters.



. At this time, these fisheries are rather limited in scope.
"Should the market situation change, however, expansion could
occur and they could impact on some stocks. South Carclina

catch. For this reason, it is not possible to determine
-which stocks are being most impacted by any of these fisheries.

(when the South Careolina fishery was occurring), -it is likely
that elimination of that fishery would stimulate establishment
of new fisheries, either outside the 3 mile limit or in other
states. 1In addition, numerous anecdotal accounts of increasing
offshore (beyond the 3 mile l1imit) shad gillnetting in many

Thus, the status of these fisheries has changed markedly,
particularly over the Past 18 months, and they remain a serious .
concern, especially to states initiating restoration programs.
Very small, newly established Stocks, such as those in the
Susquehanna River (Pennsylvania, Maryland) and the Pawcatuck
River (Rhode Island) could be seriously impacted if they were
to suffer significant non-natal stream fishing-mortality.

Based on this and earlier discussion, the following
recommendations are presented:

®* Recommendation 2.1

Each state, in cooperation with NMFS, will monitor and
document existing and new FCZ and territorial sea
fisheries for anadromous alosids. The extent of par~
ticipation, amount of harvest, and timing and location
of each fishery will be documented; this information
will be forwarded to ASMFC for its annual review of
fisheries and stock status and for consideration of
revision of existing recommendations in this plan. Aan



®* Recommendation 2.2 .

All east coast states will recognize the priority rights
of traditional fisheries in internal waters that target
resident stocks, while not encouraging new intercept
fisherjes in territorial sea waters. Of greatest concern
are fisheries taking shad along the coast very early in
the year, including those occurring in South Carolina,
North Carolina, virginia, Maryland, and the Delaware Bay.
What appears to be an expanding summer-fall 9ill net
fishery in the Gulf of Maine should also be closely
monitored by the New England states. Such fisheries
should not be encouraged and, if evidence suggests they
pose a threat to any single stock of shad, steps should
be taken to prohibit them.

Controlling Exploitation Rates in Internal Waters

At the current time, and in the future should the above
recommendations be implemented, most. alosid stocks will exper-
ience most of their fishing mortality within waters under
regulatory control of the state of their crigin. Recommendations
presented here represent advice to individual states on how to
enhance the status of their own stocks, based on information
documented in Appendix A, and in additional data compiled
since publication of that report, which will now be discussed.

Appendix D summarizes information from studies in which
fishing mortality rates of American shad wvere measured. Leggett
(1976) and Crecco et al. (1985) have established that exploita-
tion rates measured using disc tags have severe biases due to
the manner in which the tag increases probability of capture
by gill net. Using information presented in Leggett (1976)
and included in Appendix D, mortality rates arrived at using
disc tags were adjusted. These mortality rates were discussed
by the full Scientific and Statistical committee on a number
of occasions, and by a Chesapeake Bay-southeastern subcommittee
meeting 20-21 February 1985, in Norfolk, Virginia. Examination
of these data suggests that at least some shad stocks were
experiencing very high exploitation levels prior to their
recent declines. However, equally evident are many systems
where high rates were recorded while stocks were doing rather
well (e.g., James River in 1952). 1In general, however, adjust-
ment of mortality rates measured using disc tags reveals that
what had previously been considered to be very high exploitation
rates during periods of steock stability were in reality sub- '
stantially lower (e.g., Hudson River: reported rate, 65.7%;
adjusted rate, 38.7%). 1In general, exploitation rates during
periods when shad stocks were stable were less than 40%.
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Additional evidence Suggesting that natal river fishing
rates have influenced the status of shad stocks includes the
following: )

® Analysis of historical data for the Connecticut River

(Leggett 1976) revealed close relationships between
high fishing pressure (50-60% exploitation rate)

and subsequent stock declines during the period
immediately after World war II. This confirms the
role that excessive fishing mortality may play in
shad declines and is the strongest case history
supporting a 40% natal river fishing rate limit.

® Shad are fast-growing, short-lived fish. The exploited
stock consisgs of only two or threg Year classes; thus,

particularly since spawning success is strongly influ-
enced by environmental conditions. The same type of

life history is exhibited by the river herrings. (Northern
stocks, however, exhibit extensive repeat spawning, as do
hickory shad.) This life history strategy is consistent
with those of many marine clupeids for which recruitment
failure due to excessive exploitation rates has been
documented,

¢ Gibson (1985, unpublished manuscript) analyzed data
from the Pawcatuck River; his regression analyses
revealed that 95% of the variation in Pawcatuck River
year class strength thus far in that restoration effort
can be attributed to the size of the spawning stock;:
this finding is in strong contrast to results on the
Connectiqut River, where Crecco (1984) found that
parental stock size had only a small effect on vear
class size. Stock sizes of the Pawcatuck and Connecticut
rivers differ from each other by several orders of
magnitude. Gibson interprets his results as support
for the contention that year class size is most dependent
on environmental conditicns when spawning stocks are
large, and is most dependent on spawning stock size
when spawning stocks are low. Restricting harvest
when the number of spawners is depleted may enhance
recruitment.

Recent population modeling work by Crecco (1985, personal
communication) has suggested that the Connecticut River stock
of shad could collapse if exploitation rates exceed 40% of the
females. These modeling results are consistent with the case
history of the Connecticut River stock discussed above (Leggett
1976). The model results are based on multiple runs of the
model, each covering a 100~year time period, starting out with
populations at their current levels, and incorporating functions



reflecting documented relationships between environmental
variables and spawning success (Crecco and Savoy 1985, in
press) and relationships between fishing mortality and stock
size. One key element in the model is that the potential for
capture by the commercial fishery increases as stock size
decreases with the result that catch per unit effort (CPUE)
and total harvests remain steady or decrease only slightly
while the stock is actually declining substantially. It will
be very important in effecting future modifications of this
plan that the existence of such a relationship in other shad

and river herring fisheries along the coast be confirmed and
quantified.

Integration of all of the above information led the
Scientific and Statistical Committee to conclude that restric-
tions on exploitation rates can contribute to enhancing the
status of newly established or currently depressed stocks and
help prevent the collapse of stocks currently at acceptable
levels. However, the degree of restriction needed will vary
with the current status of the stocks.

For the purposes of this document, the committee has
defined exploitation rate as the percentage of female fish in the
spawning run that are captured in recreational or commercial
fisheries during their spawning run in a single year. 1Implicit
in these recommendations is the assumption that nonnatal
stream exploitation rates remain constant [<15%, as was found
for Connecticut River shad by Leggett (1976)]1. Any increase in
offshore or coastal exploitation rates would cause the recommended
maximum harvest levels to be too high and would call for more
restrictive limits. Three levels of maximum exploitation rate
within natal rivers were assigned to the various alosid stocks
(Table Vv-1), based on the following definitions of stock status:

Status Definition
I Severely Depleted Stocks currently at very low

levels relative to their status
during the 1950s and 1960s.

IT Depleted or Stocks currently substantially
Newly Established below levels which the habitat
is known tc be able to support.
Also applies to newly restored
stocks,

ITI No Perceived Decline Stocks which have remained
relatively stable cver the last
20 years.

The absence of reliable indicators of stock size for most
years in most drainage systems for all four species discussed
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here prevented these categories from being defined quantitatively.
Placement of individual stocks into categories was done using
trends in landings over the past 20 years and all information
available to fisheries biologists working in the respective
states. The recommended exploitation values given in Table V-1
will be modified as new data become available.

The recommended exploitation rates for blueback herring
presented in Table V-1 are the same as those for American shad
because they have similar life history characteristics., Most
hickory shad stocks were treated as "depleted,”™ and it is
recommended that natal exploitation rates not exceed 25%. The
alewife stocks outside New England were pooled with the blueback
herring because they often co-occur in the landings. The New
England alewife was placed in the "No perceived decline"” group,
- mainly because these are traditional fisheries that have per-
sisted despite high levels of exploitation (60-90%), which is
probably a function of the habitats used by those stocks.

While the rationale for a 40% rate for American shad is
supported by a large amount of information, the scientific
basis for the other specific recommendations is relatively
arbitrary. The intention of the committee was to identify
rates which by consensus were deemed to be conservative (i.e.,
that might be more restrictive than recessary.) As additional
information is gathered on mortality rates of all these species,
particularly in the Chesapeake Bay and southeastern regions,
the recommendations will be reassessed.

Exploitation rate data collected in ongoing studies of
shad in the Altamaha River, Georgia (Michaels 1984), raise
several questions about the appropriateness of 40% as a generally
applicable maximum exploitation rate. Data from three years of
Study revealed female exploitation rates of 47% to 64% (see
Appendix D), yet stock abundance has appeared to remain stable.
Whether scuthern stocks may be capable of sustaining higher
exploitation rates than more northern stocks (such as those in
the Connecticut River) will not be confirmed until longer-term
studies are completed. 1In the absence of proof of such a
contention, however, the committee felt that a conservative
recommendation was appropriate.

The recommendations on exploitation irn internal waters
assumes that exploitation in territorial seas and the FCZ
remains relatively insignificant. Any substantial change in
those fisheries would have an impact on the efficacy of these
recommendaticons. The percentage figures presented in Table
V=1 are intended to be acceptable maxima, and are not to be
construed as exploitation goals.
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The recommendations arising from the above discussion are:

Recommendation 3.1

Individual states will consider implementing fisheries
management actions that would ensure that total exploi-
tation rates for female American shad, hickory shad,
and river herring (commercial and recreational) do not
exceed levels that threaten the stability of stocks
currently at acceptable levels or the enhancement of
depressed or newly established stocks. Guidelines for
expleoitation rates are presented in Table V-1.

Recommendation 3.2

Individual states will initiate studies to document
existing fishing mortality rates of all four alosid
species and to establish if density dependent catch-
ability exists. Recommended guidelines for design of
an acceptable study are presented in Table V-2, States
shall obtain at least preliminary data within 2 years
of adoption ¢f this plan and provide these data to
ASMFC for integration and distribution to interested
parties.

Recommendation 3.3

Individual states shall improve records <f catch and
effort in general, and make a special effort to establish
the amount of harvest reported as American shad and/or
river herring that is actually hickory shad. Examples

of steps that could be taken include education of
fishermen, modification of reporting fcrms or mechanisms,
and creel/harvest census during critical time periods.

B. IMPROVEMENT COF HABITAT QUALITY

Water Quality

The contribution of degradaticn in water quality to the
observed declines in anadromcus alosid stocks has been alluded
to in past evaluation of these stocks (Mansuetii and Kolb 1953;
Walburg and Nichols 1967) and is discussed in the Phase I report
and this document. However, it has never been possible to
rigorously quantify the magnitude of this contribution. Only

V=11



Table V-2. suggested guidelines for studies to assess
exploitation rates of anadromous alosids(a)

Basic study type
Timing

Location

Target sex

Tag type and tag
return program

Tag and recapture

Tagging to start near the
beginning of the spawning
run, and continue through
the run; tagging should
Stop before water tempera-
tures reach levels at which
handling mortality becomes
significant

Reaction of fish to tagging
should be determined {i.e.,
do most fish move down-

stream and, if so, how far)

Ideally, fish for tagging
should be captured downstream
of the major areas of
exploitatiorn

Focus on females if funding
constrains the scope of the
pregram

Anchor streamer tags (as used
by Crecco (Conn) and Michaels
(Ga))

Multilevel reward (s$S, S10,
$25) plus incentives (e.q.,
lottery)

Occasional canvass of fisher-
men, fish houses, and whole-
salers

(a)These guidelines are to some extent based on studies
currently being done on Connecticut River and Altamaha
River American shad. However, they should be equally
appropriate for all studies of anadromcus alosids, with

modifications for the specific location, type, and timing

cf fisheries in individual drainage systems.
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Table V-2. Continued

Number of fish to
be tagged

Capture method

As many as funding permits
(larger numbers of tag
returns provide more precise
estimates of exploitation)
but distributed over the
major portion of the run

Hook and line, pound nets
(where possible), or drift
gill nets. (Mesh sizes used
should include those used by
commercial fishermen as well
as somewhat larger and small
meshes to ensure adequate
sampling of all age groups.)
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on the Delaware River, where water quality problems were
dramatically manifested in a "pollution block™ in the
Philadelphia/Camden area, has pollution abatement resulted in a
measurable and large enhancement of an alcsid stock, in this
case American shad. 1In most anadromous alosid spawning and
fursery areas, water quality declines have been gradual and
poorly defined, and it has not been possible to link those
declines to changes in alosid stock size. Conversely, in cases
where there have been drastic declines in alosid stocks, such

as in the Susquehanna River and upper Chesapeake Bay in Maryland,
water quality problems have been implicated but not conclusively
demonstrated to have been the single or major causative factor.

While cause and effect have not been rigorously demonstrated
between water quality changes and alosid stock status, many
water quality variables are known to affect the health and well
being of all aquatic biota. Documentation of these effects,
specifically for the four anadromous alosids, contributes to
defining water quality criteria sufficient to protect alosid
stocks.

Certain basic water quality parameters have been monitored
throughout the east coast in a variety of water types. Such
parameters include temperature, dissolved oxygen, conductivity/
salinity, pH, and turbidity. The effects of many of these
variables on various life stages of the four alosid species
have also been studied, although to different degrees dependinrg
on species and variable. Available information on these effects
is presented in Appendix E with individual tables included for
three of the four species. Sources of these data are also
included in the Appendix. No information on hickory shad
responses to these water quality variables was found.

Some of the information presented in Appendix E was drawn
from "A Management Plan for the American Shad (Alosa sapidissima)
in the Delaware River Basin," prepared by the Delaware Basin
Fish and Wildlife Management Cooperative in 1981. Additional
guidance on acceptable levels of dissolved oxygen (DO) for shad
appears in a document entitled, "Dissolved Oxygen Requirements
of a 'Fishable' Delaware River Estuary,” prepared for the
Delaware River Basin Commission by an ad hoc task force ir 1979
and since adopted by resolution of the Cooperative as an official
recommendation concerning DO standards. Of all water quality
pParameters addressed in those documents, acceptable standards
were specified only for dissolved oxydgen. Additional studies
to determine tolerance levels were recommended for the remaining
parameters. The Delaware DO guidelines were accepted for this
pPlan as being the desirable levels for protecting and enhancing
anadromous alosid stocks.

The Instream Flow and Aquatic Systems Group of the USFWS
is presently completing a Delphi assessment to provide infor-
mation on American shad habitat requirements for use in decision
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making on instream flow needs. Alosid flow requirements are
addressed in detail below. However, a portion of the belphi
process dealt with temperature requirements of all life stages
of American shad. Temperature data from that Delphi process
provide the basis for temperature criteria presented here.

Other substances that occur in anadromous alosid spawning
and nursery areas and are believed to be potentially harmful
to aquatic life have been very poorly monitored. These substances
include toxic materials such as heavy metals and various organic
chemicals (e.qg., insecticides, solvents, herbicides). 1In the
literature searches performed to construct the tables in Appendix
E, no data were found indicating the concentrations of these
substances that cause deleterious effects on any of the alosids.
The Delaware Management Plan also provides no specific data on
tolerance levels. The absence of such data precludes the
development of acceptable water quality criteria for these
substances,

The possiblity that acid rain may be a major factor in the
decline of many anadromous fishes along the east coast has
recently arisen as a major water quality issue. The existing
information on tolerance of alosids to low pH is very limited
(Appendix E) and insufficient to draw conclusions about the
importance of acid rain in alosid declines. However, many
studies are currently underway to investigate pH effects
(including work sponsored by the Joint NMFS/USFWS Emergency
Striped Bass Research Program, and by the Tidewater Fisheries
and Power Plant Siting Program divisions of the Maryland
Department of Natural Resources). The importance of these
studies must be recognized in the recommendations presented in
this segment of the plan.

While water quality may have drastic effects on fisheries,
in most states the responsibility for water quality requlations
and criteria is assigned to an agency different from the one
responsible for fisheries management. The following recom-
mendaticons deal with acceptable water quality criteria and
actions necessary to ensure their being addressed in state
water quality regulations. Because data on indivdual species
are sometimes limited, the specific criteria suggested here are
drawn from data for all species and are considered suitable for
anadromous alosids in general. )

® Recommendation 4.1

Resource management agencies in each state shall eval-
uate their respective state water quality standards

and criteria to ensure that those standards and criteria
account for the special needs of anadromous alosids.
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tial status as anadromous alosid spawning and nursery
areas (analogous to "trout waters”™}. Primary emphasis
should be on locations where sensitive egg and larval
stages are found. For those agencies without water
quality regulatory authority, protocols and schedules
for providing input on water quality regulations to

the responsible agency should be identified or Created.
Waters of existing or potential value as alosid spawning/
nursery areas should be identified for the appropriate
water quality agency. Agencies in each state shall
initiate actions to establish water quality criteria
protective of anadromous alosid habitat requirements,
but consistent with the management objectives for
other species. Suggested values for key parameters

are presented in Table V-3,

® Recommendation 4.2

Results of ongoing studies dealing with the effects of
acid deposition on anadromous alosids will be reviewed
by all appropriate agencies and ASMFC as they become
available. ASMFC will summarize those findings in a
position document on an annual basis. Should those
findings support the contention that acid deposition is
having a deleteriocus impact on anadromous alosids,
ASMFC shall offer that document 4s supporting evidence
to all organizations and individuals pursuing acid rain
controls and/or mitigation measures.

Flow Regquirements

alosids. While these species have evolved such that stocks

are able to survive natural deviations in river or stream flow
(e.g., storm freshets, draughts}, regular, unnatural alterations
of flow caused by human water use activities can have serious
effects on populations,. Major problems arise with the creatiocn
or refurbishing of hydroelectric facilities. Such projects may
deny access to spawning areas (a topic addressed below) but
also may alter habitat characteristics such as flow (due to
peaking cperaticn and imposition of low flows) and water
quality (due to impoundment effects such as decreases in DO and
temperature),
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Most resource agencies participate in the review of pro-
posed hydroelectric and other water use projects. One frequent
element of such reviews is an evaluation of the adequacy of
proposed instream flows for protecting aquatic resources.
Existing state regulations and/or guidelines regarding hydro-
electric projects and stream flows are summarized in Appendix F.

The USFWS participates in the review of nearly all projects
that affect stream flows. To facilitate their review of such
projects and to provide an objective basis for instream flow
decisions, an Instream Flow and Aquatic Systems Group was
established within the Division of Biological Services. The
function of this group is to develop objective methodologies
for defining acceptable flow levels, and to provide assistance
to USFWS, state agency personnel, and any other individuals
or organizations involved in project reviews. In carrying out
this function, this group has established a library of suit-
ability index (SI) .curves for various aquatic species for
major habitat parameters., Curves for only one of the four
anadromous alosids (American shad) have thus far been incor-
porated intec this library. ' (SI curves are now being completed
and will be added to the library in 1985.) Shad SI curves
were developed using a Delphi process employing from 10 to 13
shad experts. Habitat characteristics included in this process
were current velocity, water depth, substrate, cover, and
temperature. Results of this effort offer guidance for
selecting acceptable flows at projects where shad may be impacted.

Additional guidance for selecting minimum flows is provided
by the requirements of individual states (Appendix F) or other
agency divisions. The New England Regicnal USFWS office has
developed guidelines for acceptable minimum flows at projects
in the New England States. Their agquatic base flow (ABF) is
calculated as the median daily average flow in the low flow
month (generally August) for all years of record. The ABF
represents the USFWS's minimum flow recormendation unless
evidence is provided by the project applicant demonstrating
that a lower flow is sufficient to protect aquatic resources,

Decisions on minimum flows are necessarily site specific.
The intent of this segment of the plan is to provide general
information that can be used by individual agencies to establish
flows sufficient to protect anadromous alosid stocks, taking
into account site specific factors. Substantial data relating
to the flow needed for survival of American shad are available;
such data are not available for the other three species.
Loesch and Lund (1977) have suggested that blueback spawning
sites are characterized by currents stronger than those preferred
by alewives. However, no specific required velocities have
been established. Recommended flow parameters for those three
species are necessarily vaque.
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The importance of flow to alewife stock success has been
reinforced by recent findings in Rhode Island (M. Gibson 1985,
personal communication). Draught conditions prevailed during
the summer of 1981, and current runs reveal that the contriby-~
tion of the 1981 Year class to 1984 runs is only about half of
what would be expected from existing data (i.e., 22% of the
run instead of 44%). While flow regulations cannot compensate
for such draught conditions in many small waterways, they may
-prove very beneficial where augmentation of flows is feasible.

® Recommendation 5.1

State resource management agencies shall determine

which state agency serves as the primary contact with
the Federal Energy Regulatory Commission (FERC), since
all applications relating to hydroelectric development

¢ Recommendation 5.2

In reviewing proposed projects that will affect flow
regimes, agencies shall ensure that continuous minimum
flows and the manner in which the cperation of any
facility alters flows will not adversely affect anadromous
alosids. Guidelines for desirable instream flow variables
are presented in Table V-4, State agencies should, if
necessary, solicit the advice of the USFWS Instream

Flow Group in developing flow recommendations.

Other Habitat Factors

Most human activities that affect alcsid stocks do so
indirectly by changing water quality or flows. However, several
types of facilities and operations cayse mortality directly.
Prominent in this category are facilities using water for
cooling purposes (e.q., power plants) or large volume water
withdrawals (e.q., drinking water, pumped storage hydroelectric
projects, irrigation). Fish mortality is caused by entrainment
(i.e., intake and passage through the cocling or water withdrawal
system) or impingement (i.e, entrapment on screens used to
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prevent debris from entering water intake structures). These
types of effects are very site specific, and at present no one
category poses a significant threat to east coast anadromous
stocks. State and federal resource agencies already review
environmental impact statements for pProposed projects of the
type being discussed here. Thus, other than suggesting that
such reviews focus on the Potential impacts on anadromous
alosids, no recommendations relating to this Category of habitat
factors are necessary.

The single exception to this conclusion is in regard to
proposed tidal hydroelectric facilities in the Bay of Fundy
(p. 11-66 of Appendix A). All east coast stocks of American
shad, and possibly river herring, use the Bay of Fundy as a
summer foraging area. As they forage, fish appear to repeatedly
move in and out the basins proposed for hydropreojects. Even
if mortality due to single passage through a turbine is low,
repeated passage will cause high total mortality. Because
these projects pose such a great threat to east coast alosid
Stocks, progress on their development must be closely monitored.

® Recommendation 6.1

All state and federal agencies responsible for reviewing
impact statements for projects proposed for anadromous
alosid spawning and nursery areas shall ensure that
those projects will have no impact or only minimal
impact on those stocks. Of special concern are natal
rivers of newly established Stocks or stocks considered
depressed or severely depressed (Table v-1).

® Recommendation 6.2

ASMFC and federal fisheries agencies shall continue to
monitor progress in the development of Bay of Fundy
hydrcelectric projects. Communications with the
Department of State and all interested members of
Congress shall be renewed on an annual basis to reiterate
opposition to the projects unless it can be demonstrated
that no significant mortality to alosids will occur.
Continued environmental studies shall be encouraged.
Annual status reports based on information obtained

from the Canadian government and project developers

will be prepared and distributed to Board and Scientific
and Statistical Committee members. ASMFC will request
from the U.S. Department of State the right to review
all environmental impact predictions prepared as part

V=22



.

of project development. Factors that influence U.S.
purchase of power from these projects should be moni-
tored to determine if actions can be taken to discourage
their development.

C. RESTORATION OF ANADROMOUS ALOSID STOCKS

For the purposes of this management plan, restoration
activities are considered to fall into two categories: restor-
ation of anadromous alosids to habitats that formerly supported
stocks but currently do not, and the restoration to forper
levels of abundance runs currently at very low levels. Recom-
mendations expected to contribute to the restoration of currently
depressed stocks include those suggesting restrictions on
exploitation rates (recommendations 3.1 and 3.2), those aimed
at improving water quality (recommendations 4.1 and 4.2) and
those dealing with stream flows (recommendation 5.2).

Most of the information presented in this section of the
plan relates to restoration of stocks to currently unoccupied
habitats. Opportunities exist for significant increases in
total east coast populations of all four alosids should new
runs be established in all available waters. Table V-5 presents
restoration targets of 28 planned American shad restoration
programs, most of which are in various stages of implementation.
These programs alone, if successful, would add over 8 million
shad to the east coast population (at an average weight of 4
lb, a total of 32 million 1lb). Current river herring restoration
efforts are summarized in Table V-6. Potential numerical
increases in river herring stocks are much greater than those
for shad. Opportunities for hickory shad restoration are
difficult to ascertain because of lack of knowledge of their
life history and habitat requirements.

Methods

A number of methods have been used in past or current alosid
restoration programs. The major methods are:

¢ Using hatcheries and stocking larvae and/or juveniles.
This approach was used prior to the early 19365 ir an
attempt to enhance depleted stocks of American shad
but was unsuccessful (Mansueti and Kolb 1953).
More recent programs (e.g., Pawcatuck, Susquehanna)
have employed stocking of shad fry and larvae, but the
magnitude of contribution of these fish to future
runs has not been well documented; on the Pawcatuck,
no significant contribution of stocked fry to subsequent
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runs was detectable (M. Gibson 1985, personal communi-
cation). No restoration programs for river herring or
hickory shad have ever utilized hatcheries.

Transplanting E +« This apprcach has also been com-
monly used, probably because of its low cost. However,
no instance of egg transplants resulting in successful
restoration of an anadromcus alosid stock has ever
been documented. On the Pawcatuck River, some fish
were produced from egg transplants, but their numbers
were insignificant and insufficient to support restor-
ation.

Transplanting Adults. This method has proved to be
the most successful means of establishing new runs of
American shad and river herring. Throughout the New
England states, stocking of gravid adult alewife and
blueback has resulted in runs returning to the streams
receiving the stocked adults. Stocking of adult American
shad in various rivers targeted for restoration has
resulted in the production of juveniles (which were
observed to migrate downstream in the fall) and the
return of native adults in 4 or S years. The major
problems encountered in adult’ transplant activity are
that sources of fish must be found (e.g., a river with
a2 run of substantial size, an agency that will allow
fish to be taken, a location at which suitable gear
can be used). 1In addition, transportation and
handling difficulties must be overcome (e.g., travel
distances cannot be too great, handling stress must be
minimized, proper trucks and tanks must be used).

Recovering Habitat. Anadromous alosids are usually
excluded from potentially suitable habitat because of
either physical blockage (i.e., dams) or because water
quality is such that migration, spawning, and/cr normal
growth of juveniles is prevented by poor water quality.
Steps taken in habitat recovery include the construction
of fish passage facilities and/or improvement of water
quality (e.g., control of acid mine drainage, eliminaticn
of pollutant discharges). In cases where healthy

alosid runs already occur in the drainage system,
habitat recovery activities provide the opportunity

for the existing stocks to exploit new habitat (an ex-
ample is the Connecticut River, where establishment of
fish 1lifts at Holyoke Dam gave fish access to new
segments cf the river). Where healthy stocks do not
exist, habitat recovery methods must be accompanied by
cne or more of the three methods already discussed.
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Problems

Numerous problems have been eéncountered in the variouys
restoration programs that have been attempted or are underway.

® Most major dams causing migration blockage are owned by
public utilities., Because restoration programs are
quite expensive, the dam owners usually resist the
establishment of such programs,

¢ FERC authority supercedes that of the states and other
agencies with regard to dams on rivers and streams.
The only means of forcing recalcitrant utilities to
Support restoration efforts is through FERC licensing
procedures. FERC proceedings are notoriously slow.
Thus, efforts to establish many restoration programs
have dragged on for many years (e.g., for Susquehanna
River restoration, proceedings were initiated in 1978
and are still ongoing).

¢ State legislation generally does not exist that estab-
lishes restoration as 4 state goal and that provides
regulatory backing for many of the steps needed to
accomplish restoration. -

® Lack of access to habitatsg may prevent implementation
of restoration programs; this problem arises pPrimarily
in areas where pond or lake spawning/nursery areas for
alewife and blueback are involved.

¢ Interagency disagreements, and disputes among agencies frcm
the same state, agencies from different states, different
federal agencies, and federal and state agencies have
frequently arisen in major restoration programs. Often
the disputes arise because programs involve the restoration
of more than one species and the priorities of the variocus
agencies differ. The disputes often result in ineffi-
ciencies and delays in restoration efforts.,

® Exploitation of newly established stocks is often dif-
ficult to restrict. This problem is particularly
accute when dealing with the alosids. Large numbers
of fish may be concentrated at a dam during a spawning
run, giving the appearance of being very abundant.
However, these runs may in fact represent the initial
return of native fish extremely important for future
growth of the stock; such runs may be only a small
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fraction of the size of future runs. Regulatory agencies
often face political pressure to open fisheries prema-
turely for the latter reason. Exploitation of these
first-generation fish during the early stages of res-
toration may lead to failure of the effort.

® Turbine mortality of juvenile alosids may represent the
biggest unresolved issue for many of the large restoration
efforts. Measurement of turbine mortality rates of
juvenile alosids is extremely difficult. If turbine
mortality rates are high, any restoration effort that
does not provide a means for juveniles to successfully
bypass turbines during downstream migration will fail.
Bypassing of turbines is generally very expensive
because of either lost generation (i.e., using spills
to get fish over the dam) or the need for installation
of screening devices which are very expensive., Utilities
are generally very resistant to accommodating downstream
passage needs. Mortality of spawned-out adults due to
passage through turbines alsoc hinders restoration
because it decreases the amount of repeat spawning

that may occur. Repeat spawning is particularly impor~
tant in northern runs.

® Introduction of diseases or parasites has been raised
as a potential problem in restoration. These issues
have been very prominent in salmonid restoration.
However, no known examples of disease or parasite
transport have yet been documented in any of the alosid
restoration efforts carried out.

Costs and Funding Mechanisms

Major restoration programs are expensive. Installation
of passage facilities at dams generally requires extensive
construction activity. Biological work, including transplanting
adults, monitoring restoration success, and performing related
activities add to overall expenses. The Susquehanna River shad
restoration program and Rhode Island's alewife and shad restor-
ation activities provide examples of differing program costs.

The Susquehanna shad restoration program will ultimately
entail the construction of fish passage facilities at four
large dams (one over 100 ft in height). These dams are owned
and operated as hydroelectric facilities by electric generation
public utilities. Restoration of stocks is being carried out
through egg collection, release of hatchery reared larvae and
fry, and by adult transplants. Cost estimates for the restor-
ation were developed during FERC proceedings (Docket EL/80-38)
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and have been summarized by R. St. Pierre, UISFWS Susquehanna
River Fisheries Coordinator. The. costs below are rough estimates
for a 10-year demonstration program:

Egg collection, adult transplants,

‘hatchery operations $ 5 million
Downstream migration and

mortality studies (4 dams) 2 million
Downstream bypass and/or screening 2 million
-Research, project management, etc. 1l million
Total $10 millicn

If the demonstration program is successful and the utilities
are ordered to construct permanent fish passage facilities,
costs are estimated to be $58 million to $77 million in 1981
dollars. Assuming construction would not be initiated until
at least 1995, costs would likely rise to about $100 million,
Plus additional funds for operating the facilities. The total
cost of this program may be on the order of $125 million dollars,
nearly all of it borne by the utilities. The projected size of
the shad run is 2 million fish annually. In addition to American
shad, the program is also designed to provide for the restoration
of 10-20 million river herring, some hickory shad, and unestimated
numbers of American eel (potentially millions). BRenefits of
this program would accrue to three states (Maryland, Pennsylvania,
New York). The economic value of the recreational and commercial
shad fishery alone has been estimated to be between 69 million
and 268 million dollars (median of $111.3 milliorn) by K.E.
McConnel and I.E. Stran (Direct Testimony, FERC Docket ELBO0-38;
May 1981).

Rhode Island's restoration programs are of a totally
different nature. None of the dams involved serve as hydro-
electric projects and most are publicly owned. Cost estimates
for these programs were provided by M. Gibson, Rhode Island
Division of Fish and Wildlife. Since 1968, Denil fishways
have been constructed at 9 dams, at a total cost of $410,440.
This construction was financed by Anadromous Fisheries Act
funds (a 50:50 match with state funds) with anticipated preduc-
tion of between 2 million and 3 million alewives annually.
Biological work related to the alewife programs and the shad
restoration work on the Pawcatuck River and other coastal rivers
has cost about $310,000, supported by Dingell-Johnson funds
with a 25:75 state-federal match. Maintenance and field support
has cost $85,000, also supported by Dingell-Johnson funds,
with a 25:75 state-federal match. Total Rhode Island expendi-
tures to date have been approximately $804,400, with an ex-
pectation of an additional 2 million to 3 million alewives and

v-30



25 thousand to 30 thousand American shad annually. Alosids
have also benefitted from salmon restoration activities and
water guality improvement programs.

The Susquehanna River and Rhode Island programs illustrate
both the magnitude of costs which will be incurred in expanding
existing restoration efforts, and the variety of funding sources
which have been employed:

e Utilities. As owners and operators of dams that block
migratory passage, utilities may be required to pay all
costs involved in restoring anadromous fish to upstream
watersheds. However, if the utility does not agree
with the resource agencies and commit to implementing
restoration efforts, the issue must be resolved by
FERC. 1In FERC proceedings, the feasibility of restoration,
its probability of success, and the ultimate benefits
to be gained all arise as issues; the resclution of
such issues is very difficult. The Electric Power
Research Institute (EPRI), which is supported by
utilities across the country, has funded a program to
review problems with downstream passage of anadromous
fish at hydroelectric facilities. Results of this
program may be applicable to many restoration pregrams
currently underway.

¢ Federal Funds. As illustrated in the Rhode Island
example, federal funds from various sources have
contributed to many successful restoration efforts,
Anadromous Fish Act funds have been used for the
construction of large numbers of fish passage facilities
along the entire east coast. Dingell-Johnson
funds have contributed to the biological and support
work essential to these programs. It is likely that
without these federal funding sources, very few of the
restoration efforts would have been initiated. 1In
addition to direct funding, USFWS provides technical
assistance in the planning or design of restoration
efforts. USFWS staff expertise in the engineering and
design of fish passage facilities has contributed to
the success of all the major restoration programs.

¢ State Funds. Sources of funds for fisheries work and
the manner in which they are allocated differ markedly
among the states. In general, federal programs that
offer funds if they are matched by state monies certainly
influence allocation of available funds., It is likely
that without the impetus provided bv Anadromcus Fish
Act funds, only limited amounts of state funds would
have been spent for restoration purposes. Amount of
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funds allocated to anadromous alosid programs will also
vary among states according to the perceived importance
of the species (e.g., Maine will spend significantly
more on alewife programs than will New Jersey or New
York).

Species~Specific Restoration Information

Hickorx Shad

There have been no known attempts at restoration of hickory
shad. 1In the absence of any other information, procedures

employed for American shad would probably provide the best
guidelines for hickory shad restoration efforts.

American Shad

As noted earlier, current American shad restoration programs
could add as many as 8 million additional shad to total east
coast stocks. This number is based on estimates of the amour.t
of habitat suitable for supporting American shad that will be
made accessible. Many estimates of potential run size have
used production figures develoged for the Connecticut River
(2.3 adult spawners per 100 yd<¢ of spawning habitat). Parameters
used to define potential "spawning habitat®™ in most cases were
site specific; generally, knowledge of historical spawning
ranges contributed to making the estimate. Production figures
are essential for designing fish passage facilities since
Capacity is an important design criterion. The following two
case studies of American shad restoration programs illustrates
many of the points important to consider in undertaking such
programs. :

The Connecticut River shad restoration precgram represents
a case of "enhancement®” of a run in a major drainage basin. A
strong run of shad occurred upriver to the base of Holyoke Dam
before a fish lift was installed in 1955. The restoration
program has alliowed this stock to expand into previously unoc-
cupied habitat. The entire history of this restoration effort
is presented in detail in an article by Moffitt et al. (1982).
Tables V-7 and V-8, from data from that article, document the
passage facilities required for this program as well as the
annual fish passage totals at the Holyoke fish 1ift from 1955
to 1984. While the numbers alone suggest that the program has
been extremely successful, some of the increase in Holyoke
passage may be due to more effective passage facilities, improved
water guality, and other factors mentioned by Moffitt et al.
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Table v-8. Anadromous fish passage recorded at the Holycke
' Dam lift since 1955

American River Atlantic Striped
Year Shad Herring Salmon Bass
1955 4,900 0 0 0
1956 7,700 0 0 0
1957 8,800 16 1 0
1958 5,700 29 1 0
1959(a) 15,000 20 0 0
1960 15,000 796 2 0
1961 23,000 1,200 0 0
1962 21,000 191 0 0
1963 30,000 32 0 0
1964 35,000 13 0 0
1965 34,000 53 0 0
1966 16,000 54 0 0
1967 19,000 356 0 0
1968 25,000 ‘ (b) 0 0
1969 45,000 10,000(<c) 0 0
1970 66,000 1,900 0 0
1971 53,000 302 0 0
1972 26,000 188 0 0
1973 25,000 302 0 0
1974 53,000 504 0 0
1975 110,000 1,600 1 0
1976 350,000 4,700 1 0
1977 200,000 33,000 2 0
1978 140,000 38,000 23 0
1979 260,000 40,000 19 103{(d)
1980 380,000 198,000 118 139(d}
1981 380,000 420,000 : 319 510(c)
1982 290,000 590,000 11 231(d)
1983 528,000 454,000 . 25 346(d)
1984 497,000 483,000 66 110fd)

(a’Passage facility modified.
(bINot counted.

(c)Estimated.

(d)A1l immature.

Source: Modified from Moffitt (1982),




(1982). Limited stock augmentation activities relating to
anadromous alosids have been conducted as part of this program.
Between 1979 and 1983, 800 to 3,300 prespawn shad were transported
from Holyoke to above Turner Falls and Vernon Dam to generate

runs through new passage facilities at those dams.

The majority of funding for the Connecticut River program
has come from the utilities, both for construction of passage
facilities and in support of bioclogical preograms. However,
federal and state funds have also contributed substantially,
with sources including Anadromous Fish Act funds, Dingell-
Johnson fish restoration funds, USFWS expenditures (directly
and via research performed by the Massachusetts Cooperative
Fishery Research Unit), and the state resource agencies of
Connecticut, Massachusetts, New Hampshire, and Vermont. Total
expenditures in the program have been very large, and it is
nearly impossible to partition them into funds for alosids
versus funds for salmon.

The Pawcatuck River shad program in Rhode Island represents
an effort to reestablish shad in a system where they had not
occurred in more than 50 years. Two fish passage facilities
have been built on the lowermost dams. Denil fishways were
constructed at Potter Hill and Bradford Dams in 1968 and 1979,
permitting access to 28 river miles of habitat. An average of
1,500 prespawned American shad from the Connecticut River have
been transplanted annually to the Pawcatuck River and its
tributaries since 1975 (Table V-9)}. Evidence of successful
spawning has been obtained (0'Brien 1977) and first returns of
adults were witnessed in 1979. Since then, annual runs of
shad have been monitored at a Potter Hill fish trap. Data on
sex ratio, age structure, and growth rates have been collected.
It cannot be shown from the data collected in this program
that cultured juveniles contributed significantly to subsequent
adult returns. It also appears that four transplanted females
will yield the same number of future recruits as one native
female (M, Gibsor 1985, unpublished manuscript). These findings
Support the earlier statements that adult transfer is the best
method for stock restoration. It also emphasizes the need to
get as many native fish as possible into the spawning grounds
even though numbers of first generation fish returning may be
very small. Connecticut will soon prohibit capture of shad
from it portion of the Pawcatuck tec enhance restoration efforts.
Costs of the Pawcatuck program were discussed earlier; all
were covered by state and federal funds.,

River Herring

River herring restoration programs are numercus in the
New England states and less common in the mid-Atlantic states
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and southward (see Table V-6). The majority of the New England
programs deal with alewives, since most efforts involve providing

access to ponds and lakes, which are preferred spawning/nursery
areas for that species.

The Royal River program in Maine is an example of a very
successful alewife restoration effort typical of many other
New England programs. Table V-10 presents a summary of alewife
escapement and stocking in the Royal River system. Fish passage
facilities were constructed at two dams, and restoration was
initiated by transplanting gravid adults from other systems.
Funding has been with state and federal monies. Studies of
this run suggest that most recruitment is generated by the
small number of fish stocked in Sabbathday Lake (340 acres}. .
Very preliminary calculations suggest that the ratic of returning
progeny to number of adults stocked in the lake has been between
87 and 118.. A stocking rate of 1.25 fish per acre of lake
habitat produced a return of 147 adults per acre (T. Squiers
1985, Maine Department of Marine Resources, personal communication).
These figures illustrate why the very high exploitation rates
discussed earlier in this plan can be sustained in these New
England river herring runs: productivity per spawning adult
is very high.

Figure V-1 illustrates the progress of the alewife restor-
ation progam being carried out on the Lamprey River in New
Hampshire. The major elements of the program are similar to
those of the Royal River program: construction of a fishway
at the lowermost dam and a S5-year program of transplanting
fish from below the dam to upstream areas. Once substantial
numbers of fish began passing through the fishway, trucking of
fish was discontinued. Funding for this program came from
state and federal sources. Existing data do not permit specific
calculations. However, Figure V-1 shows a high number of
recruits generated per spawning adult during the initial phase
of the program.

Connecticut River data (see Table V=-8) show the magnitude
of enhancement of blueback herring stock that resulted from
passage of fish over Holyoke dam. The blueback herring is not
a primary target species of this program and yet it appears to
have benefited markedly from it. Interpretation of these data
must, however, be tempered with caveats included in the discus-
sion of the shad program: the increase in numbers can be due
in part to improved efficiency of the lifts, redistribution of
stock in the river, improved water quality, and other factors.
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Table Vv-10.

Alewife run size and -
Lake on the Royal Riv

stocking in Sabbathday
er

Total Run at

Total No. Stocked
in Sabbathday

Year Bridge St. Fishway Lake
1975 362

1976 263

1977 10 425
1978 119

1979 19 262
1980 2 533
1981 50,000 (est.) 1,280
1982 24,160 582
1983 10,029 493
1984 46,485 527

NOTE: Sabbathday Lake is considered to be
spawning and nursery area for this r

the primary
un.

Source: T. Squiers (1985, personal communication}.
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® Recommendation 7.1

All agency personnel participating in anadromous alosid
restoration programs should be alert for indications of
disease or parasites. At present, no information
exists to suggest that transfer of disease or parasites
is a problen. However, should a potentially serious
problem arise, ASMFC shall develop a disease control
and screening program for alosids. Such a program
could follow the form of the existing New England
Atlantic Salmon Disease Control Program.

¢ Recommendation 7.2

Each state that has not already done so shall evaluate
the potential which exists for anadromous alosids restor-
ation within their internal waters. Such an evaluation
should include, at a minimum, a listing of waters that
currently do not support anadromous alosid stocks but
that might if water guality and access were improved

or created. Within one year from the date of adopticn
of this plan, and annually thereafter, each state

shall provide to ASMFC this evaluation, a summary
description of ongoing restoration efforts, and a
statement of anticipated restoration activities for

the next five years. ASMEC shall use material from
these submittals to prepare an annual summary of coast-
wide restoration efforts for distribution to agencies,
legislators, and all other interested parties.

® Recommendation 7.3

ASMFC and all state and federal resource agencies shall
support, in every way possible, the preservation and en-
hancement of federal programs providing funds for the
restoration of anadromous fish. Such programs include
the Anadremous Fish Act and Wallop-Breaux programs and
other federal grant programs that support studies of
anadromous alosids, such as Sea Grant and Coastal

Zone. It is obvious that most of the very successful
anadromous alosid programs that currently exist would
not have been initiated if these federal programs were
not in place. Implementation of a coastwide alosid
restoration plan will not be feasible in the absence

of these federal programs. States should also develop
additional state funding sources for restoratiocn of
anadromous alosids; possiblities include special licenses
or stamps.
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Recommendation 7.4

All state and federal agencies shall cooperate to
further all current or planned anadromous alosid res-
toration efforts. Because the acquisition of gravid
adults for transplanting is essential for most restora-
tion efforts, those agencies having regulatory control
over existing healthy runs of all species should be
particularly sensitive to the needs of agencies imple-
menting restoration efforts and should provide the
maximum cooperation possible. ASMFC's Shad and River
Herring Board will serve as a coordinator to resolve
any major disputes.

Recommendation 7.5

Because of the important role of turbine mortality in
determining the success or failure of many restoration
programs, all agencies participating in restoration
programs involving hydroelectric projects shall include
in those programs plans for turbine mortality and
downstream passage studies. The term “"fish passage"
should consistently be interpreted to include downstream
passage in any discussion of restoration activity.
Results of ongoing and new studies shall be provided

on an annual basis to ASMFC for compilation and for
dissemination of data to all appropriate state and
federal agencies. A continuous exchange of infor-
mation on turbine mortality and methods for passing
anadromous alosids downstream may lead to new and
successful methods for alleviating this problem.

Recommendation 7.6

All resocurce agencies shall oppose any new hydroelectric
projects proposed for drainage systems currently support-
ing or with potential for supporting anadromous alosid
runs unless the developer can demonstrate to the agencies'
satisfaction that the project, as proposed, will not

have an unacceptable adverse impact on alosid runs. Of
particular concern here are small-scale hydroelectric
projects existing or proposed for smaller drainage
systems supporting river herring runs. Cumulative impacts
of several facilities on the same drainage system must
also be considered. Major issues are upstream passage

of spawning adults and successful downstream passage
(i.e., avoidance of turbine mortality) of outmigrating,
spawned-out adults and juveniles.
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D. RESEARCH AND DATA NEEDS

As has been repeatedly stated throughout this document
and the Phase I report, the development of very specific manage-
ment recommendations for the anadromous alosids has not been
possible because of a lack of information on critical aspects
of the biclogy of and fisheries for these four species. During
development of this plan, the SiS Committee has identified
both data needs (i.e., categories of information that are
known to be needed and for which data can be acquired) and
research needs (i.e., important areas of interest which are so
poorly understood that research is necessary to determine which
data are important).

" A workshop sponsored by the Hudson River Foundation (HRF) ,
in coordination with the Shad and River Herring Scientific and
Statistical Committee, was held in February 1984 to discuss
critical data needs for shad research on the Atlantic coast.
Participants in that workshop included the S&S committee and
cutside experts on the American shad from the United States
and Canada. Proceedings of the workshop were published by HRF
and included a description of shad research projects listed
according to priority established by the workshop participants.
This list is presented here as Table V-1ll. As a result of
further work of the S&s committee, the priorities of the listed
projects were reassessed and a new ranking was developed (Table
V=-12), reflecting a more narrow focus on topics of particular
relevance to this management plan. A Board review of those
recommendations resulted in the final priority listing of
research needs presented in Table V-13,

The lists presented in Tables V~1l, V=12, and Vv-13 include
many types of data needs, each of which can be given a high
priority for different but justifiable reascns. Population
dynamics of a fish stock control the manner in which that stock
will respond to various levels of expleoitation, yet little is
known of many of such characteristics for all four of the
anadromous alosid species. Thus, many of the data needs listed
deal with population dynamics characteristics such as stock-
recruitment relationships and factors influencing larval survival
and spawning success (e.g., Table V-12, items 2 and 3). The
relationships among those data needs are illustrated in Figure
V-2. The quandry that arises, however, is that while such
information is essential for proper management of these species,
acquisition of sufficient information to fulfill those data
needs will take a substantial number of years. As an example,
work serving as the basis for most of what is known about
American shad population dynamics was conducted on the Connecticut
River for more than 15 years.

While the Scientific and Statistical Committee and Board
agreed upon the vital need for population dynamics information,
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Table V-11. The priority and title for research projects to
identify critical data needs for shad. The
approximate cost of each project is presented in
parentheses. (From Proceedings of a Workshop on
Critical Data Needs for Shad Research on Atlantic
Coast of North America, 1984, J. Cooper, ed.
Hudson River Foundation, New York, NY. 70 pp.)

ERI(RITY
1 Intensified Ocean Tagging Program. (200K/yr)
(600K) .
2 Determine Fishing Mortality in Selected Regional

Streams., (50K-100K/river) (250K)

3.1 Biotic and Abiotic Mechanisms Affecting the Stock/
Recruitment Relationship. (50K-100K/river)

3.2 Studies of Egg and Larval Survival and Development.

4.1 Discrimination of American Shad Populations by
Mitochondrial DNA Analysis. {250K/yr) (7S0K)

4.2 Parasites of Juvenile American Shad, Blueback
Herring, and Alewife, as Blological Tags for Alosid
Stock Discriminations. (26K/yr) (65K)

S Bistorical Characterization of Socio-economic
Development (i.e., Potential Pollutant Sources and
Habitat Modification) of Selected Shad Rivers Along
the East Coast., (150K-175K)

6 Turbine Mortality Studies. (150K-300K)

7 Energetics of Feeding and Spawning Migrations of
Shad on the Atlantic Coast. (100K+)

8 Analyses of American Shad Growth: Circa 1970
versus Circa 1980. (25K/SCK)

9 Identification and Quantitication of Potential
American Shad Spawning and Rearing Habitat Not
Pregsently Utilized and an Analysis of Cost of
Recovery. (150K-500K})

10 Development of Standardized Procedures for
Developing Juvenile Abundance Indices, (S0K/river!
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Table v-11. Continued

11

12

13

14

Examination of Early Juvenile Stages of Anadromous
Clupeids. '

An Analysis of Optimum Habitat Utilization of
American Shad. (150K-300K)

Development of a Long-term Mark or Tag for Juvenile
American Shad. (100K-300K)

Other proposals




Table V-12. Revised priority listing of shad research

projects reflecting Scientific and
Statistical Committee views

10.

11.

12.

13.

14,

15.

Determination of Fishing Mortality in Selected Regional
Streams .

Studies of Egg and Larval Survival and Development

Determination of Biotic and Abiotic Mechanisms Affecting
the Stock/Recruitment Relationship

Intensified Ocean Tagging Program
Turbine Mortality Studies
Identification and Quantification ¢of Potential American

Shad Spawning and Rearing Habitat Not Presently Utilized
and Analysis of Cost of Recovery

Discrimination of American Shad Populations by

Mitochondrial DNA Analysis

Develcopment of a Long-term Mark or'Tag for Juvenile
American Shad

Historical Characterization of Sociceconomic
Development {(i.e., Potential Pollutant Sources and
Habitat Modification) of Selected Shad Rivers Along the
East Coast .

Development of Standardized Procedures for Developing
Juvenile Abundance Indices

Energetics of Feeding and Spawning Migrations of 5had
on the Atlantic Coast

An Analysis of Optimum Habitat Utilization of American
Shad

Analyses of American Shad Growth: Circa 1970 Versus
Circa 1980

Parasites of Juvenile American Shad, Blueback Herring,
and Alewife, as Biolecgical Tags for Alosid Stock
Discriminations

Examination of Early Juvenile Stages of Anadromous
Clupeids
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Table V-13. Priority listing of data and information needs

for management of the anadromous alosids as
established by the Shad and River Management
Board (June 1985), focusing only on the research
areas of greatest immediate need. Priorities

of other research areas are as indicated in
Table V-12.

Determine the origins of shad being captured in fisherijes
operating in territorial sea waters of South Carolina,
North Carclina, Virgnia, Maryland, Delaware, and New
Jersey during winter and early spring (see Table v-14).
This information is necessary to determine if these
fisheries pose a threat to any East Coast stocks.

Determine annual exploitation rates of all anadromous
alosids in each state. These data are needed to determine

., acceptable rates of exploitation consistent with stock

stability and enhancement.

Develop .2 long-term mark or tag for juvenile alosids
and/or a method for distinguishing among fish originating
in different drainage systems. Such methods would con-
tribute to determining which alosid stocks are being
exploited in different fisheries and which are threatened
by man's activities in certain areas (e.g., Bay of Fundy
tidal hydroelectric facility constructiocn).

Evaluate the magnitude of mortality to juvenile alosids
caused by passage through hydroelectric turbines and
determine optimal techniques for minimizing turbine-
related mortality. This information is very important to
ensure the success of restoration programs.

Develop basic life history information {e.g., population
dynamics, migratory behavior, catch and effort data) on
hickory shad in states where they are or have been abun-
dant (South Carolina, North Carolina, Virginia, Maryland).
These data are necessary for the develcpment of even the
most basic management recommendations.

Develop and implement programs to establish indices of
juvenile alosid abundance in different drainage systems
along the East Coast. A juvenile index, if properly
calculated and validated, permits regulations to be
altered as stock status changes, and can be used in
evaluating factors that influence year class success.
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%) Density-dependent catchability

Figure Vv-2.

population dynamics context
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it was also evident that certain types of information are needed
immediately merely to determine if potential management problems
exist and should be addressed, Examples of such information
are: a determination of which stocks are being exploited in
territorial sea fisheries for American shad in South Carolina;
and, a determination of the actual exploitation rates of all of
the alosids throughout their range. In many cases, data needed
tc answer these immediate questions may not contribute
substantially to an understanding of the species' population
dynamics, but are essential as a basis for making management
decisions,

The types of conflicting demands just described led to the
changes in priority reflected in the three tables included

here. It is evident that as new data are acquired and more
knowledge is gained about the species' population dynamics and
their fisheries that priorities will be further revised,

Research Needs

¢ Recommendatien 8.1

ASMFC shall serve as a coordinator of research conducted
along the east cocast dealing with anadromous alosids.
ASMFC will prepare a summary compendium of ongoing
studies annually. Grant applications and/or proposals
for anadromous alosid research programs submitted to
federal and/or state agencies should be provided to
ASMFC for comment to ensure that the focus of new
studies is consistent with management needs identified
in this plan.

¢®¢ Recommendation 8.2

In assigning priority for research funding under PL89~
43 (Anadromous Fish Conservation Act)}, NOAA/NMFS and
USFWS shall assign high priority to applications for
state projects that satisfy data needs identified as
having a high priority in this Plan (see Tables Vv-12
and v-13}).

® Recommendation 8.3

ASMFC will design and coordinate the implementaticn of
an interstate coastal shad tagging research program
(see Recommendation 2.1). A tentative study design is
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presented in Table V-14. The initial interstate effort
will focus on participation by South Carolina, and
North Carolina, or cother states where the nature of
the fishery makes the study more feasible, ASMFC will
be responsible for coordination of the activities of
individual states and integration and interpretation
of results., Studies that lead to the development of
techniques to identify the river of origin of fish
taken in mixed stock fisheries (e.g., ocean tagging,
extensive within river tagging, innate indicators)
should be encouraged in order to enhance the interpre-
tation of findings ¢of this tagging program.

Recommendation 8.4

In establishing new anadromous alosid research programs,
state and federal agencies will proceed according to the
priorities presented in Table Vv=-13.

Recommendation 8.5

ASMFC shall undertake the compilation and analysis of
all data on offshore river herring distribution and
harvest available from NOAA (e.g., NMFS research trawl
data, observer data, experimental Polish trawl program
data). This information should be updated annually,

and should be used to develop or revise recommendations
tc the Fishery Management Councils cn regulations needed
to protect traditicnal domestic river herring fisheries.

E. CITIZEN INVOLVEMENT

Development of management plans generally includes citizen
participation to ensure that user groups are aware cof and
support recommendations of the plan. For the shad and river
herring Fishery Management Plan, no formal citizens committee
was established under the auspices of the ASMFC program. The
states are encouraged tc establish citizen programs of their

Recommendation 9.1

Individual states are encouraged to establish programs
that involve citizens in implementation of this plan.
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Table v-14,

Proposed guidelines for the design of a tagging

study to determine which American shad stocks
are being exploited in territorial and of fshore

sea fisherijes

Basic Study Type

Objective

General Methods:

Timing

Tag Type

Tag Return System

Capture Methods

Number of fish
to be tagged

Tag and Recapture

To determine the home
stream origin of shad
stocks being exploited in
territorial sea and
Delaware Bay fisheries

January through april:
focus within each state
on the time periocd in
which landings ‘are
greatest

Floy streamer or internal
anchor tag

Multilevel reward {s$5,
$10, $25) plus incentives
(e.g., lottery)

Use drift gill nets, use
mesh sizes identical to
those used in commercial
fisheries, fish the same
locations as those
fisheries

As many as possible with-
in financial constraints
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Such involvement would be appropriate as individual
state plans are being developed. Participation by
user groups and interested citizens may result in
public support required to implement the plan.
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VI. PLAN IMPLEMENTATION

A number of specific future needs will arise on initial
implementation of this plan:

Most of the recommendations presented here will serve
as guidelines for the individual states, and in some
aspects this plan serves as a coastwide strategic
plan. Implementation would be enhanced if individual
states develop state management plans that would
essentially serve as the operational plans for imple-
mentation.

A mechanism must be created to allow representatives
from all interested state and federal agencies to
participate in the monitoring of plan implementation,
to assess the impact of this implementation on the
stocks and the fisheries, and to initiate corrective
action or alternative actions to ensure that there is
continued progress in the protection and enhancement
of anadromous alosid stocks. Because of the dynamic
nature of this plan, the lack of such a mechanism is
almost certain to result in eventual failure of the
plan. - :

No formal structure exists for linking recommenda-
tions presented in ASMFC management plans and decisions
made concerning harvest of the species of interest

in the FCZ. Such a structure would be helpful for
cocordinating the management activities of the states,

the relevant federal agencies, and the Fisheries Manage-
ment Councils.’

While a number cof multistate management groups
currently exist (e.g., Delaware Basin, Connecticut
Basin) that oversee management of anadromocus alosids
in their respective areas of jurisdiction, there is
no existing institutional structure for integrating
and coordinating the ongeing activities of these
groups. Thus, acticons taken by one c¢ould be counter-
productive to the efforts of ancther.

A number of internaticnal issues have been encountered
during the development of this plan, and some recom-
mendations presented here specifically address those
issues. It is likely that these issues will remain
pertinent to the management of the anadromous alosids
for an extended period of time. Some mechanism is
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needed to ensure that resolution of these and other
international issues accounts for the interests of
all appropriate states and of federal agencies.

The following institutional structures should be maintained to
meet the needs just described:

The Shad and River Herring Board should remain in
existence.

remain in existence to maintain and modify the plan.
Their functions would include, for example,

== The exchange of new data and information developed in
ongoing programs within each state and federa) agency

== The continued development of standardized data col-~
lection and Processing procedures (e.g., scale
reading, juvenile indices) to enhance the compat-
ability of data being collected along the entire
coastal range of each species

==~ Evaluation and analysis of new information, review
of existing management recommendations; and the
development of annually revised management recom-
mendations to Regional Fishery Management Councils,
NOAA, and individual state and interstate conscrtia,
as necessary. This activity would eénsure consistency
of all management actions directed at ‘the four
anadromous alosids throughout their range and cver
all life stages

== Annual reexamination of data needs and priorities
to reflect new data and information; the new pricrity
list could then be distributed to all parties ccn-
ducting research to help ensure that the greatest
data needs continue to be met

—= Serving as a tag program clearinghouse to provide

an information center for all alosid tagging studies
being conducted on the East Coast, ‘
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Mertin Marierts Environmental Systerms

FOREWORD

Fisheries Management Program administered by the Atlantic States
Marine Fisheries Commission. This report was reviewed and en-
dorsed by the Interstate Fisheries Management Program's shad and
River Herring Management Board and Shad and River Herring Scien-
tific and Statistical Committee., Members of the Scientific and
Statistical Committee made major contributions to the report's
contents and formatc. Membership rosters are included as Appen-
dix A to this report. Funds were provided by Northeast Region,
National Marine fisheries Service, National Oceanic and Atmos~-
pheric Administration under Cooperative Agreement Number
NA-80~FA-H~000-17, For bibliographic purposes, this report
should be cited as follows:

Richkus, W.A. and G. :DiNardo. 1984. Current status and
biological characteristics of the anadromous alosid stocks
of the eastern United States: American shad, hickory
shad, alewife, and blueback herring. Atlantic States
Marine Fisheries Commission, Fisheries Management Report
4, Washington, DC. xix + 225 PE-.
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EXECUTIVE SUMMARY

Preparation of a Fishery Management Plan for the anadromous
alosids (American and hickory shad, alewife, blueback herring)
of the East Coast of the United States was recommended by the
Advisory Committee of the Atlantic States Marine Fisheries
Commission (ASMFC) and adopted by the Commission in 1981, in
response to the very low current levels of commercial landings
of all four species.

As part of the process of developing a Fishery Management
Plan for these species, ASMFC established a Shad and River
Herring Management Board, with representatives from each of the
eaat coast states in which runs of the species occur. The
Board subsequently appointed a Scientific and Statistical (S&S)
Committee to direct the development of the management plan.

The committee is made up of one technical representacive from each
of the coastal states, An Action Plan was developed

at a Shad and River Herring Management Workshop in Philadelphia,
Pennsylvania, February 2-3, 1982, which called for subsequent
activity to occur in two phases: \

¢ Phase I - compile available data on the current status
and biology of each of the four speciés and define
potential options for management action

¢ Phase II ~ develop a2 management plan, with specification

of management actions where appropriate, and identify
research needs.

The present report represents completion of Phase I.
American shad, hickory shad, and river herring (alewife and
blueback” herring) are treated in separate segments of this
report. Each segment covers, as appropriate:

o Historical review of the fisheries for the species

¢ Recent trends in commercial and sport landings - regional
basis '

® Recent trends in fisheries - state-by-state
e Coastal migration patterns

e Selected life history aspects relevant to management
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Restoration efforts .
Environmental factors influencing stocks

Management options.
For American shad, Pertinent findings are as follows:

All runs in the Chesapeake Bay and to the south have
declined

The Delaware River run has increased dramatically over
the past decade, while Hudson and Connecticut River
runs have remained stable ’

The predominant gear types for commercial harvesting
of American shad are gill nets (stake, ancher, and
drife)

Minimal or no repeat spawning occurs in southern stocks
(North Carolina and south), with the percentage of
repeat spawners increasing to the north

All east coast stocks appear to mix at sea, during
coastal prespawning migrations, and during foraging
periods in the summer in the Gulf of Maine and the Bay
of Pundy : .

Yearclass size appears to be is set by the time larvae
reach the juvenile stage,

Current studies on the Connecticut River suggest that
the numbers of juveniles produced is independent of
sSpawning stock size.

Restoration efforts that increase Spawning habitat may
add substantially to the total east coast stock of
American shad

For hickory shad, pertinent finding are as follows:

Landings have decreased in all runs along the east coast

Spawning runs occur somewhat earlier than those of
American shad

Larger female hickory shad probably suffer the greatest
fishing mortality of all segments of the hickory shad
population

vi
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¢ Repeat spawners make up the majority of most hickory
shad runs.

® Virturally no comprehensive information is available on
the life history of hickory shad over a complete life
cycle,

For the river herrings (alewife and blueback herring),
pertinent findings are as follows:

¢ Both domestic and offshore landings (foreign) have
declined dramatically in the recent decade, with the
exception of the state of Maine, where landings have
been stable.

¢ Offshore harvests by foreign fisheries in the late
1960's and early 1970's are strongly implicated in the
decline in southern stocks.

® Offshore migrations are not well defined, but appear
to be similar to those of American shad

¢ Spawning habitats appear to differ regionally, with
ponds and lakes being used more frequently in New England
states by alewives while bluebacks spawn in rivers and
Streams; to the south, bluebacks use both lakes and rivers
4s spawning areas,

¢ Substantial repeat spawning occurs in most runs, yet some
runs experiencing extremely high fishing mortalities
(80-90%) have remained very stable over extended periods
of time,

® Restoration efforts, including the stocking of gravid
adults and/or improved access to spawning habitats,
have increased stocks dramatically in many drainage
systems.

vii
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I. INTRODUCTION

Preparation of a Fishery Management Plan for the anadromous
alosids of the EBast Coast of the United States (American and
hickory shad, alewife, blueback herring) was recommended by the
Advisory Committee of the Atlantic States Marine Fisheries Com-
mission (ASMPC) and adopted by the Commission in 1981. This
action was in response to the very low current lavels of com-
mercial landings of all four species, which was perceived as
an indication that management action would be required in order
to restore stocks to their former levels of abundance. The basis
for action by the Commission was that the four species met five
criteria for inclusion in the ASMPC Interstate Fisheries Manage-
ment Program (ISPMP) (ASMPC, 1982): :

e Valuable to the states and to the nation

® Perceived to be in need of managément for attainment
of optimum yield

® Not currently scheduled for management under the Magnuson
Pishery Conservation and Management Act (PL 94-265)

® Reasonable expectation of plan implementation

® Cost effective management.

As part of the process of developing a Pishery Management
Plan for these species, ASMPC established a Shad and River Her-
ring Management Board, Included on the Board are representatives
from each of the east coast states in which runs of the species
currently or fomerly occurred: Maine, New BEampshire, Massachu-
sSetts, Rhode Island, Connecticut, New York, New Jersey, Penn-
sylvania, Delaware, Maryland, Virginia, North Carolina, South
Carclina, Georgia and Florida. Both the National Marine Fish-
eries Service and the U.S. Pish and Wildlife service also have
representatives on the Board. A Board membership list is pre-
sented in Appendix A. )

The Board subsequently appointed a Scientific and Statis-
tical (sS&S) Committee to direct the development of the manage-
ment plan. The committee is made up of technical representatives
from each of the previously menticned states and the two Federal
agencies. A SsS5 membership list is presented in Appendix A. An
Action Plan was developed at a Shad and River Herring Management
Workshop in Philadelphia, Pennsylvania, February 2-3, 1982,
which called for subsequent activity to occur in two phases:

I-1
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¢ Phase I - compile available data on the current status
and biology of each of the four species and define
potential options for management action

® Phase II - develop a management plan with specification
of management actions where appropriate, and define
research needs.

Martin Marietta Environmental Center (EC) was contracted
by ASMFC in 1982 to carry out Phase I of the Action Plan. The
primary sources of material for this report were overview docu-
ments prepared for each state by the individual members of the
S8 Committee. This material was augmented with information
taken from the literature. The present report represents com-
pletion of Phase I. It is not intended to be a detailed all-
encompassing review of literature on the biclogy of all four
species, since a number of other review documents exist that
serve that specific purpose (e.g., Mansuetti and Kolb, 1953;
Walburg and Nichols, 1967; Rulifson et al., 1982; Public
Service Electric and Gas Company, 1982a, b, c). Instead this
report focuses on current fisheries (both commercial and recre-
ational) for each species, recent trends in landings and stock
size, and those life history aspects considered most relevant to
management action. To a certain extent, sources of data have
been "screened®”, and those of questionable validity or lacking
in general applicability have not been included.

American shad, hickory shad, and river herring (alewife and
blueback herring) will each be treated in a separate segment of
this report. Each segment will have the same organization
{where appropriate) as follows:

® Historical review of the fisheries for the species

¢ Recent trends in commercial and spor= landings - regional
basis

® Recent trends in fisheries - state-by-state

® Coastal migration patterns

¢ Selected life history aspects relevant to management
® Restoration efforts

¢ Environmental factors influencing stocks

® Management options.
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A bibliography of data and information sources is included
at the end of the report, organized Dy state. The four species
are illustrated in Fig. I-l. General characterizations of the
life histories of each species are diagramed in Figs, I-2 to I-5.
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Blueback herring, Alosa aestivalis

12cm
47 in,

Figure I-1. TIllustrations of adults of the four species of
east coast anadromous alosids. Drawings are to
scale (adapted from Jones, Martin, and Hardy, 1978)
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American Shad
(Alosa sapidissima)
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Figure I-2. Diagramatic characterization of the life history
of the American shad: A = adult, I = immature,
J = juvenile, shaded area represents range of
spawning occurrence; bars indicate general seasonal
or habitat distribution by life stage. Detailed
discussion appears in the text.
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Hickory Shad

(Alosa mediocris)

Figure 1-3.

Martin Marierta Environmentsl Systems

—-—-—n-“
- e}

lle)- 13tung

I e e e -

SR T 1 =
Tribs Rivers Estuaries Ocean
[ - ] f I i
Spawning forage
(, Al

Nursery
{J)

Diagramatic characterization Of the life history
of the hickory shad; A = adult, I = immature,

J = juvenile, shaded area represents possible
range of spawning occurrence: bars indicate
general seasonal and habitat distribution by
life stage. Detailed discussion appears in the
text; dashed lines represent speculation,
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Blueack Herring
{Alosa aastivalis)
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Diagramatic characterization of the life history
of the blueback herring; A = adult, I = immature,

J = juvenile; dashed lines represent speculation:
shaded area represents range of spawning occurrence;
bars indicate general seasonal or habitar discriosu-
tion of life stage. Detailed discussion appears

in the text.
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Diagramatic characterization of the life history

of the alewife; A = adult, I a immature, J =
juvenile; shaded area represents range of spawning
occurrence; bars indicate general seasonal Oor habicat
distribution. Dashed lines represent speculation:
detajiled discussion appears in the text.
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II. American Shad (Alosa sapidissima)

A. BACKGROUND AND HISTORICAL TRENDS

Background

American shad spawning runs occur along the east coast of
the United States and Canada, from the St. Johns River in
Plorida to the St. Lawrence River in Canada. Major spawning
rivers are listed in Table II-l1 {from Walburg and Nichols,
1967).

Historically, the American shad was an extremely important
rescource species along the east coast of both the United States
and Canada, supporting very large commercial fisheries, However,
landings of American shad in commercial fisheries have shown
long-term declines (Pig. II-1l). These historical declines in
landings, which have been interpreted as indicators of stock
declines, sparked concerns and studies on numerous occasions
in the past,

In a very thorough review of information on American shad
fisheries, Mansuetti and Kolb (1953) noted that from 1897 to
the 1940's, annual harvest of shad declined from 50 million
pounds to approximately 1l million pounds. Their assessment
of causes of the decline identified several potential major
factors, including:

¢ Pollution of spawning rivers
® Siltation of spawning areas
e Overharvesting

e Dams, by preventing access to spawning areas.

However, they noted that these factors, singly or collectively,
could not be made to account completely for the general decline
of shad aleng the Atlantic coast. Mansuetti and Kolb also
suggested the existence of some type of natural biclogical
cycle in shad population size, but no evidence was presented

Lo substantiate this view, They. also indicated that the prog-
nosis for American shad was poor and envisioned no known means
of restoring stocks to their former magnitude.
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Table 11-1.

The original and curren
in 23 major rivers of ¢t

United States {(adapted

1967).

t limits of shad range
he Atlantic coast of the
from Walburg and Nichols,

Original limit of shad run

1983 limit of snad run

Plscance Cistance .
of source of source !
. from from !
Stace River ¢oastline Locality coascline ;
t
Miles Miles |
- — E— '
florida St. Johns. . . . 178 Lake Washington. . . 250 .
Georgia Altamsha . . . . 450 Hawkinsville . 100 X
Georgia Ogesches . ., . « 359 Midville ., ., . . . 128
Geocgia Savannah . . . . 425 Savannanh Lock
and Oama. ., . . , 180
South Carolina Edisto. ., . . - Joo Narway . . , . 129
i .
South Carolina Santse:
Wateres . .- 3150 Santee Dam . . [
Congares. . . 410 Santee fam . | . L
South Carolina Pes Dee. . . ., . 497 Blewewtt Falls Dam. . 242
North Caroclina Cape Fear. . . . 290 Lock Na. | . ., . . 45
North Carolina Neuse. . . ., . . 340 Milburnie. . . 16%
North Carolina Pamlico=Tar. . . 252 Rocky Mount. . . . 157
North Carolina Roanoke. . . . . 457 sSpring Hill. . 218
Virginia James. . . . 420 Boshers Dam. . .- 130
Virginia Rappanannock ., 2438 ! Falmouen Falls . 183
i |
Iﬂlryland Potomac. . . . . 400 | Little Falls Qam . 180
Maryland Susquehanna. . 617 Conowingo Dam. . 205
New Yorx -
New Jersey Oelawarce Downsville, N.Y. A60
East Branch. . Jas Deposiz, N.Y.. 350
| West Branch 3s0 |
New York Budson . . , . - 314 Teoy., N.Y. . . . . . 130
Connecticut Sousatonic . . . 202 "+ e 4+ < 4 4 . Na snad
Connecticuyc Connecticue, . . 174 Bellows Falls., . iTe
Massachusetts Mecrimac . . . l40 Eascman Falls, . . , 110
Maine Kennebec ., , . . 155 v e e N . No snhad
Maine Penobdscoc. . . 255 . No snad
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ASMFC recommendations to the "‘United States Fish and wWild-
life Service (USFWS) resulted in American shad studies being
conduycted by USFWS during the 1950°'s (e.g., Talbot and Sykes,
1957). These efforts were prompted by concern for the status
of shad runs at that time, with the goal of establishing the
reasons for declines and developing recommendations to reverse
declining trends in American shad fisheries. Results of these

¢ Pollution of spawning rivers
¢ Siltation of spawning areas
¢ Dams, by preventing access to spawning areas

® Overharvesting,

While Walburg and Nichols presented a more updated view
Of stock status than Mansuetti and Kolb (1953) they provided
O new major insights into the causes of decline. 1In many
respects, the present document represents an updating of the
information compiled by Walburg and Nichols in 1967, This
updating will begin by examining trends in shad commercial
fisheries over the last 20 Years on a regional basis; these
regional trends will then be examined in more detail on a
sState-by-state basis.

B. RELEVANCE OF COMMERCIAL LANDINGS QATA TO
STOCK ASSESSMENT

Because commercial landings data represent the only long-
term records available relating to fish abundance, they serve
a3 the primary basis for discussion of trends in stocks.
However, as is widely known and acknowledged by fisheries
éxperts, many factors influence the magnitude of landings
beside the basic abundance of the fish being harvested. These
include:

¢ Amount of fishing effort (e.g., number of fishermen,
amount of gear used)

¢ Effects of demand for the species on fishing effort
(market factors)

II-4
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¢ Environmental conditions, as they may affect fishing
effort and/or catchability of the fish (e.g., ice
destroying pound nets during a cold winter: high river
flow decreasing the efficiency of drift gill nets)

¢ Market value of roe (female) shad being higher than the
market value of buck (male) shad, resulting in discard
and non-reporting of buck shad harvest

® Unreliability of catch reporting by fishermen, often to
the extent of 100 to 2008, with no constant bias from
year-to-year (e.g., Maryland Watermens Association,
1980).

Catch per unit effort (CPUE) is assumed to be proporticnal
to changes in fish stock size. However, a recent Connecticut
study (Crecco 1983 in prep) has shown that commercial shad CPUE
did not accurately reflect shad stock size. This lack of celin-
earity between CPUE and stock size was attributed to an inverse
relationship between catachability (q) and population size (see
Fig. II-2). The catchability coefficient is defined as the per-
centage of the fish stock removed by a single unit of fishing
effort. Such a phenomena could be a market affect, with higher
prices at times of low abundance causing fishermen to be more
diligent. This phenomenon implies that shad runs can fall to
low levels without this being demonstrated in the catch statis-
tics. This is a promising hypothesis to explain how overfishing
can cause recruitment failure. The inadequacies of CPUE as an
indicator of stock abundance has previously been demonstrated
for other fisheries (e.g., Bannerot and Austin, 1983). However,
it has been pointed out that the shad fishery in the Connecticut
River occurs in relatively confined areas. In an open system,
such as the Delaware Bay, fishermen may not have the luxury of
modifying the amount or nature of their effort in response to
their perception of the size of the run (R, Miller, pers. comm. ).
Virginia fishermen do tend to be opportunistic in their exploi-
tation of shad (J. Loesch, pers. comm.)

An even more limiting factor in using catch per unit efforz:
as the indicator of American shad stock abundance is that there
‘is essentially an absence of meaningful long-term records of
effort along nearly the entire east coast. This absence of ef-
fort data currently precludes the use of catch per unit effort
as a useful index of stock abundance for examining long=term
trends in .shad stocks.

Thus, the commercial landings data are the sole means of
characterizing stock trends even though it is acknowledged that
they only serve as a rough index of stock abundance. For this
reason, only severe changes in landings can be considered mean-—
ingful in terms of stock changes. Reliable records of recrea~-
tional harvest are too incomplete and sparse over time to be of
use as stock abundance indices.
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Table II~2 presents annual landings of American shad by
state for the period 1880 through 1983. Sources of the data are
primarily NOAA catch records as reported in Fishery Statistics
of the United States. Figures II-3 through I1I-6 represent an-
nual landings aggregated by east c¢oast region, including the
New England region (Maine, New Hampshire, Massachusetts, Rhode
Island, Connecticut), Middle Atlantic region (New York, New
Jersay, Pennsylvania, Delaware)}, the Chesapeake Bay region
(Maryland and Virginia), and the South Atlantic region (North
Carolina, South Carolina, Georgia, and Florida).

C. REGIONAL CHARACTERIZATION OF STOCK TRENDS
BASED ON COMMERCIAL HARVESTS

The primary focus of these characterizations will be on a
period since the last shad stock assessment was made by Walburg
and Nichols (1967); i.e., from 1960 to the present., New England
landings (Fig. II1-3) have remained very stable for the last 20
years. The exception to this fairly stable pattern of landings
occurred in the late 1950's and was caused by large reported
landings of shad in Massachusetts. These large annual landings
have been attributed by Walburg and Nichols to purse seine fish-
eries being directed at alternative species when Atlantic men-
haden stocks declined dramatically. During the remainder of the
last 20 years, the stability of New England landings arocund rela-
tively low levels is almost entirely a function of the Connecticut
River landings. The Connecticut River supports the sole major
American shad fishery in New England.

Middle Atlantic landings (Fig. II-4) showed a fairly steep
decline from the late 1950's to the mid 1960°'s, followed by a
period of relative stability, but with levels remaining low.
The current stable level of landings is a function of landings
from both the Hudson and the Delaware Rivers, with the Hudson
landings dominating.

Chesapeake landings (Fig. II-S5) showed relatively large
fluctuations in the early 1960's, but no abrupt decline until
the early 1970's. That decline was most dramatic in Vicginia
in terms of total numbers of fish. Maryland landings essenti-
ally went to zero, with the subsequent closure of the fishery
in 1981.

South Atlantic landings (Fig. II-6) showed a decline in
the early 1970's comparable to that exhibited in the Chesapeake
region landings. The decline was seen in landings from all the
states in the region. There has been some evidence of an in-
crease in the landings beginning in 1978 (Table II-l), although
the increase is not dramatic.
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Overall, the steep decline in total east coast landings
that began in the 1970's (Fig. II-1) is primarily a function of
the declines in landings in the Chesapeake and South Atlantic
regions. These two regions have in the past contributed the
majority of total east coast landings and thus have a dispropor-
tionate impact on total landings. The fisheries in different
regions differ to 'a considerable degree, and the quality and
quantity of data available differ in similar manners. A more
detailed interpretation of the patterns of regional landings
just discussed require examination of these fisheries by state
and by river system within the State, where appropriate.

D. RECENT TRENDS IN AMERICAN SHAD FISHERIES -
STATE-BY-STATE BASIS

Characterization of State Fisheries

Shad fisheries in the New England states of Rhode Island,
Massachusetts, New Hampshire, and Maine are primarily undirected.
While restoration efforts on a number of New England drainage
systems presently are underway, ncne of these drainages current-
ly supports an active commerical shad fishery. Commercial land-
ings of American shad reported for these states represent fish
taken as by-catch in cocastal fisheries. Since these are fisher-~
ies directed at other species, and because the catch values are
relatively small, New England catch data contribute little to an
understanding of trends in stocks in this region.

In the state of Connecticut, the Connecticut River fishery
comprises nearly all shad landings in the state. As noted in
the regional characterizations above, landings have remajined
relatively stable over the past 20 years, Fishing effort has
also remained relatively stable over the same pericd (V. Crecco,
pers. comm.). On the Connecticut River, however, a major resto-~
ration program has been under way for a substantial period of
time. The major activity in this restoration program has oc-
curred at the Holyoke Dam, and began with the construction of
the fish 1lift at that dam in 1955. This restoration program is
discussed in more detail later in this report.

In the mid-Atlantic area, the Hudson and Delaware Rivers
have generated nearly all recent shad landings. The Hudson
River is the source of nearly all landings in New York state,
and contributes a limited amcunt to landings reported for New
Jersey. Klauda et al. (1976} described the declining trend in
Hudson River American shad fisheries from the 1940's to 197sS.
However, landings since the early 1960's have remained relatively
stable, though those in the 1970's may have been influenced by
a decrease in fishing effort which accompanied publicized con-
cerns about PCB pollution in the Hudson River drainage. PCB
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concerns may also have influenced marketability. Despite the
absence of stock abundance information, the Hudson River stock
appears to be relatively healthy, possibly having increased in
recent years (Brandt, 1983).

In New Jersey and Delaware, the Delaware River supports the
entire commercial fishery. This fishery is located primarily
in the tidal waters of the Delaware Bay. As will be discussed
later in the report, there is evidence to suggest that the shad
fishery at Delaware Bay also takes fish from other river systems.
Studies of the Delaware River American shad stock have shown
that the stock has increased in size dramatically in recent
years, from between 100,000 - 200,000 in the 1970's, to over
500,000 in 1981 (Lupine, 1982), The enhancement of the Dela-
ware River American shad stock is due to the reduction of the
duration of the pollution block that has occurred historically
in the lower portion of the Delaware River in the Camden-
Philadelphia area. In the past, this pollution block has created
low dissolved oxygen conditions (<3ppm), which have caused either
massive fish kills or prevented fish from moving through the area
on their upstream or downstream migrations,

In Maryland waters, which constitute the upper Chesapeake
Bay drainage, American shad runs in all major rivers have de-
¢lined drastically in recent years. These rivers include the
Susquehanna, Potomac, and the Nanticoke. These rivers differ
considerably in the nature of their drainage systems, both geo-
logically, as well as in terms of pattern and type of human
development. The shad runs in all of the drainage systems
declined in a pattern consistent with each other beginning in
about 1972 (although the decline appeared to begin somewhat
earlier in the Nanticoke River)(Carter and Weinrich, 1982). HNo
specific cause for these abrupt declines has been established.

All shad fisheries in the state were closed in 1980 and remain
closed.

In the state of Virginia, tributaries of the Chesapeake ,
Bay along the western shore support the major American shad
runs. Commercial landings in Virginia show a general recent
decline (e.g., Kriete and Loesch, 1976), but the characteriza-
tion of changes in stock sizes based on these data may be com-
promised to some degree by unknown changes in effort (Atran,
Loesch, and Kriete, 1982). Changes in effort, however, are not
of sufficient magnitude to serve as the explanation for the pre-
cipitous decline in landings over the past decade. The subjec-
tive view of researchers in the state of Virginia is that Vir-
ginia American shad stocks are now relatively stable at a very
low level relative to levels existing in earlier years.

In North Carolina, American shad runs occur in all major
coastal drainage systems. A decline in annual landings of
about 75% has occurred in the last decade; the causes for this
decline are unexplained (Sholar, 1976; Johnson, 1982). The

II-15



Martin Marietta Environmental Systems

Landings in South Carolina declined to an all-time low in
the mid 1970's. However, Crochet et al. (1976) did not observe
a significant decline in experimental catch per unit effort of
shad between 1974 and 1976. Recent increases of landings
(400,000 pounds in 1982) are largely attributaple to an increase
in the ocean fishery, which currently contributes as much as 75%
of total landings. There are indications that this fishery may
.be exploiting American shad stocks not resident to South Carolina
(Ulrich, 1982). Thus, South Carolina shad stocks actually could
have declined to the extent observed in other South Atlantic
States, without the fisheries landings data showing evidence of
the decline.

The shad fishery in Georgia is supported by several river
Systems. Landings have fluctuated widely over the last decade,
but currently tend to be about 50% of the leve] of landings
recorded in the late 1960's and early 1970's. catch rates in
terms of catch per unit effort declined strikingly in the early
1970's (Michaels, 1982). Georgia stocks appear to be relatively
stable at low levels, similar to the case in Virginia and South
Carolina. _

Florida currently supports a very limited shad fishery,
possibly because of low Stock levels (R, Williams, pers. comm.).
Because of the lack of fishing effort, catch data are insuffi-
Ccient to document current status of the stock. Local fisheries
personnel believe that Florida Stocks may be in a condition
similar to that for the majority of the other South Atlantic
sStates - stable at very low levels.

AsS a general overview of these individual state characteri=-
zations, landings data provide evidence to sSuggest that there has
been a broad regional decline in American shad stocks south of
the Delaware River, with the greatest declines appearing in the
early 1970's. The disparate nature of the rivers supporting runs
that have evidenced declines provides no cluye 4s to a potential
explanation for the declines. No systematic declines, and in
fact some increases, have been observed in shad stocks of the
Delaware, Hudson, and Connecticut Rivers. The health of runs
in these three major river systems is sSuggested by all existing
information. .

the poor quality of most of the landings data, and the quantitia-
tively undefined market influence on fishing effort. Thus, there
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Trends in Gear Usage

Detailed quantitative data on fishing effort directed at
American shad are not available. Those "effort" data available,
such as are presented in NOAA Fishery Statistics of the United
States publications, are generally compilations of information
on licensed fishermen or licensed gear. They do not represent
the amount and frequency of fishing by the licensees, and thus
are not true measures of fishing effort.

Characterizations of the distribution of catch by gear
type do, however, provide some indication of how shad fisheries
have changed over periods of years. Data on commercial landings
as well as gear types used in commercial fisheries compiled in
NOAA Fishery Statistics of the United States can be used to
characterize trends in gear usage. These records were examined
to establish landings of American shad by gear type for each
of the states of the east coast (in Delaware, there is no licens-
ing of gear; thus, effort data for that state since 1979 are
estimates provided to NOAA by Delaware Division of Fish and Wilcd-
life; R. Miller, pers. comm.).

Walburg and Nichols (1967) provided comparable information
for the period prior to 1960. Thus, as a starting point for
comparison here, data from Walburg and Nichols are presented
in Table II-3. 1In 1960, various types of gill nets accounted
for 63% of the total catch of American shad, with pound nets
accounting for 16%. A number of other gear types accounted
for the remaining 21% of total landings. 1In 1965 (Table II-4),
gill nets accounted for 66% of landings, pound nets for 26.8%,
and other gears for less than 10%. Gill nets continued to
account for 66% of landings in 1970 (Table II-5), pound nets
for 26.5%, and other gears for the remaining percentage. By
1976 (Table II-6) (the most current data available), gill nets
accounted for B80% of total landings, pound nets for 19%, and
other gears for approximately 1%,

The trend evident in these data is that gill nets have ac-
counted for an increasingly large percentage of the total har-
vest of American shad, with gears other than pound nets being
used much less frequently. Thus, gill nets have gradually be-
come the gear of preference along -the entire east coast, prob-
ably because of their ease of use, mobility and catch efficiency.
In Virginia, pound net harvest drops to 2ero when shad stocks
are low (J. Loesch, pers. comm.).

Current Status of Fisheries

The current status of state fisheries is summarized in
Table II-7. The intent of this table is to provide a general-
ized characterization of the types and locations of current
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shad fisheries in the individual states and the gear types used.
States in which substantial coastal fisheries occur are of par-
ticular interest with the prime example being South Carolina.
Coastal fisheries and fisheries such as those occurring in the
Delaware Bay, have a high probability of harvesting of non-
resident stocks. .

Recreational fisheries are mentioned on Table II-7, despite
the fact that they are poorly documented in most states. Com—
parisons of recreational harvest to commercial harvest in terms
of percentage of total harvest, do not, of course, take into ac-
count the relative economic contribution of the respective fish-
eries. It is well documented that recreatiocnal fisheries con-
tribute substantially to the economies ¢f the regions in which
shad runs occur (e.g., 1980 National Survey of Fishing, Hunting
and Wildlife Associated Recreation, 1982). The magnitudes of
recreational harvest in two states, however, are probably
suggestive of the impact of fairly intensive recreational
fisheries on shad stocks. The two fisheries of interest are
those occurring in the Delaware River (New Jersey, New York
and Pennsylvania) and in the Connecticut River. As indicated
imr Table II-7, recreational harvest in the Delaware River
accounts for approximately ll% of the run, while the recreational
fishery in the Connecticut River takes approximately 14% of
the f.5h escaping the commercial fishery in the lower portion
of the river, ' ’

Market Factors Influencing Shad Commerical Fisheries

As noted by Mansuetti and Rolb (1953), American shad has
historically been considered a highly valuable food fish, par-
ticularly in the late 1800's and early 1900's. However, changes
in dockside value of commercially harvested American shad over
recent decades (i.e. approximately a doubling in value over 30
years, Table II-8), suggest that demand for American shad has
declined substantially. The increase in value of shad of about
2 percent per year has been much less than that which would have
been anticipated based on the rate of inflation. Many factors
may contribute to the relatively low current value of shad, but
the major significance of this fact is that the relatively low
prices may result in a low commercial effort. As noted pre-
viously, fluctuations in effort can influence landings totals,
and thus compromise the value of landings data as an indicator
of s3tock abundance.

The relatively low dollar value of American shad may also
have significance in terms of the tractability of management of
the species. In drainage systems having very traditional fish-
eries (e.g., the Connecticut River), fishing effort may be rela-
tively insensitive to market fluctuations and value. That is,
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fishermen may continue fishing evén though economically the re-
turn for ‘their investment of time may be limited. 1In contrast,
opportunistic fisheries, such as may occur in waters in the
southern states (i.e., South Carolina}, may be strongly influ-
enced by market prices. This may be particularly true in the
case of fisheries dominated by part-time fishermen interested
in obtaining substantial returns for their investment of time.

American. shad fisheries may also be substantially influenced
by regionally varying, seasonal changes in market value. In
order to determine if such a phenomenon occurs, dockside value
by month and state for two recent years {1978 and 1979) was com-
piled from NOAA records (Tables II-9 and II-10). Tables II-1l1l
and II-12 show the monthly shad catch for each state in 1978 and
1979, Value must be placed in perspective to the amount of har-
vest for the given month. As is evidenced by the data presented
in these tables, the value of early southern harvests of shad
was consistently higher than the value of shad landed in more
northern fisheries. These data support the view that early
southern shad are by far the most valuable of all shad landed
along the east coast. For example, Table II-10 clearly shows
high values for South Carclina and Georgia shad ‘during the period
January to March. The high value of these early harvests is due
to the market demand existing in the northern states prior to the
initiation of the northern runs. These southern fisheries gener-
ate fish that are exported to more northern states such as New
York (Walburg and Nichols, 1967; Brandt, 1982).

Another aspect of the seasonal nature of the shad fishery
is that price fluctuations toward the end of the season due to
the lack of market demand may result in curtailment of fishing
effort even during periods when harvests and harvest rate could
be potentially quite high. Brandt (1983) suggests that the
Hudson River fishery, for example, is strongly market limited.
He notes that stake and anchor gill net fishermen are highly
dependent on purchase of their catch by the Fulton Fish Market.
When prices offered by the market drop substantially in the
later part of the run, fishermen frequently pull their nets
before the run is over. The decline in price may be totally
independent of the abundance of the fish. That is, it appears
to be a purely seascnal reaction of the market, 'independent of
high or low level of supply. Brandt has alsoc noted that the
- drift net fishery in the Hudson is one in which effort is fre=-
quently a function of immediate demand. That is, a fishermen
knowing that he has a specific order for a certain amount of
shad will apply the effort necessary to satisfy that specific
order,

These market data have a number of implications for the
management of commercial American shad fisheries. The relative-
ly low commercial value of shad in the northern areas suggests
that an expansion of the shad fisheries in those regions is un-
likely. However, this neglects the possibility of new markets
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for American shad coming into existence (e.g., use as pet foed).
In contrast, the relatively high price for early southern har-

fishery could occur. Recent increases in the South Carolina
coastal harvests are an indicator of this type of a trend.

If, in fact, the American shad fishery along the east coast
of the United States is more in the hature of a traditional fish-
ery than opportunistic fishery for most of the major runs, com-
mercial effort may be relatively unresponsive to changes in stock
abundance and price. This would suggest that implementation of
any type of radical changes in the commercial fisheries may be
resisted by the fishermen. State fisheries personnel have sug-
gested that shad harvests tend to decline whenever a fishery for
4 more desirable, more valuable species is developed, as is the

Alternatives to the Use of Commercial Landings Data to Establish
Irends in Stock Abundance ‘

As was noted above, commercial landings data represent the
primary source of long-term information on stock abundance for
American shad. However in a limited number of locations, an
alternative ‘indicator of Stock abundance is available: an index
of juvenile abundance. The advantages of using data of this
sort is that they are not influenced by annual changes in effort,
inaccurate catch report, market factors, etc. There are, of
course, numercus disadvantages to the uge of the juvenile abun-
dance index. The primary difficulty with the use of the indices
developed for different drainage systems is that standardization
of survey designs is unlikely. A standardized design would have

ficient intensity in both time and Space to provide a precise
and accurate index. Additionally, a sufficient time record of
juvenile abundance is needed to verify through correlation with

The verification of an index's validity is an extremely
difficult procedure, and as a consequence, has only been
established in one river System, the Connecticut River. Table
II-13 summarizes all of the juvenile index data available for
river systems along the east coast. The data set collected in
the Connecticut River is the only set satisfying the needs dis-
cussed above. Longterm data sets (i.e., greater than 4 years)
are also available for rivers in Maryland, Virginia, New Jersey,
and New York (for the Hudson River). less extensive juvenile
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index data are also available for other States, particularly
North Carolina,

Figure II-7 illustrates the relative magnitude of juvenile
index values from several different drainages in different
states. The intent of plotting these index values is to examine
if any pattern amongst year-class success (as characterized by
juvenile abundance) appears among the regional drainage systems.
It is difficult to discern any comparable patterns among river
Systems from the data presented in that figure. This is ptimar-
ily due to the lack of synoptic, credible data of sufficient
time length. One subjective observation which can be made from
the data presented in Figure II-6 is that both the Connecticut
and Delaware rivers appear to have had exceptionally good year-
classes in 1971,

The basic conclusion from éxamination of the available
juvenile index data is that they are insufficient to rigorously
(analytically) contrast trends among populations in the different
drainage systems,

E. COASTAL MIGRATION PATTERNS

A knowledge of the coastal migration patterns of the
American shad is important in examining various hypotheses
proposed to explain the fluctuations in pepulation abundance
of East coast shad stocks. Such knowledge permits assessment
of factors that may influence shad mortality rates during the
portion of their life cycle that they spend at sea. An under-
standing of coastal migration patterns is also important in
deliniating geographical areas in which potential interjuris-
dictional management problems may occur (that is, identifying
locations where non-resident shad stocks are being fished in
local fisheries, such as coastal South Carolina).

Coastal migrations must be examined in the context of the
general life history pattern of the American shad, which was
presented diagramatically in Fig. I-2, American shad are an
anadromous species, spawning in freshwater rivers aleong the east
coast in early spring. Juveniles resulting from the spring
Spawning emigrate from the freshwater nursery areas to the ocean
in the fall. The immature shad remain in the ocean in general
from 3 to 6 years. Evidence for homing in the American shad is
very strong. Older studies supporting homing are summarized by
Walburg and Nichols (1967). Of fish tagged in the Connecticut
River in recent years, 97% of those recaptured were recaptured
in the Connecticut (Crecco, pers. comm.). However, there is
evidence of substantial straying of American shad, with the
best example being the case of shad stocks on the west coast
of the United States., The former U.S. Fish Commission (now
NMFS) reported that shad fry were stocked in the Sacramento
‘River system from 1871 through 1880 and subsequently spread
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a;ong nearly the entire northwest- coast of the United States
within 55 years. However, additional stockings in the Columbia
River, the Williamette River in Oregon, the Skagit River in

It has been sSuggested (J. Loesch, pers. comm.) that the
degree of shad homing may differ depending on the nature of
the drainage system. Considerable mixing must occur among shad
Stocks that utilize the various tributaries in the Chesapeake
Bay which could contribute to straying. 1In contrast, relatively
precise homing might be eéxpected in systems such as the Hudson
or the Connecticut, where single large rivers exist,

Summary of Pindings of Migration Studies

Talbot and Sykes (1958) reported the results of tagging

' studies conducted from 1938 to 1956, They concluded that, after
spawning, adult fish from streams from as far south as Virginia
migrate to the Gulf of Maine and remain in that vicinity through-
out the summer into fall. 1In mid-fall, a migration southward
begins, with overwintering occurring in the mid-Atlantic area.,
They concluded that immatyre fish overwinter in the mid-=Atlantic
and migrate -northward to the Gulf of Maine with the spent adults
in the late Spring, returning to the mid-Atlantic area in the
late fall. oOther tagging studies were described by Walburg and
Nichols (1967), providing additional support for the concept
that the east coast shad stocks overwinter in the mid-Atlantic
area,

Leggett and Whitney (1972) refined the description of the
migratory pattern of American shad. They suggested that ocean
migration patterns were related to water temperatures, and that
fish occupied locations where temperatures Tanged from 13 to
18°C. Their interpretations of offshore migration patterns was

northern coast stocks) off the North Carolina and Virginia
coasts in February and March. 1In April, the more northern
Stocks are found in the vicinity of Chesapeake and Delaware
Bays. In May and June, fish in prespawning condition from the
more northern runs are present in New England and Canadian
waters,

Neves and Depres (1979) documented the patterns of American
shad catch in National Marine Fisheries Service research vessel
bottom trawl surveys. They used these data to refine the de-
scription of shad migration patterns presented by Leggett and
Whitney. Seasonal distribution of cateh are shown in Figs.
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Figure II-10. Location of all American shad catches during autumn
bottom trawl surveys, 1963-76¢, Cape Hatteras, N.C.,
to Nova Scotia (from Neves and Depres, 1979).
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II-8 to 1I-10. Spring catch data (Fig. II-8) show that shad are
widely distributed in the spring, in contrast to the pattern of
migration described by Leggett and Whitney. However, Neeves and
Depres did not discriminate between sexually mature and immature
fish in their paper. Since trawl catches obviously would include
both immature and matyre fish, the wide spring distribution may
reflect some separation of prespawning adults from immatures at
this time of year. Neves and Depres also could not determine
from the catch data itself whether stocks from all the river sSys-
tems completly intermingle at al] times of the year. However,
they did note that adults from all river Systems along the east
coast are found entering coastal waters as far south as North
Carolina in the winter and spring. The authors cite other studies

Extensive summer tagging of American shad has been carrcied
out recently in the Bay of Fundy, Canada. Figure 1I-11 shows
locations of recaptures of fish tagged (from Scarrate and Dads~-
well, 1983). The widespread distribution of recaptures demon-
strates that shad from all river Systems along the east coast
occur in the Bay of Fundy. The data conclusively confirm the
seasonal movement patterns hypothesized by Leggett and Whitney
and Talbot and Sykes. One other relevant aspect of these data
is that, of fish tagged which had a known Canadian home river
{i.e., fish which were tagged on their spawning run), five of
52 returns (approximately 10%) came from U.S. coastal waters,
This information Suggests that Canadian fish contribute to U.S.
coastal harvest of American shad. Dadswell also notes the ex-
istence of a fall fishery for American shad in the Bay of Fundy
which takes adults as well as sSexually immature fish. However,
this fishery is currently rather limited in extent.

Offshore Harvests

Commission for Northwest Atlantic Fisheries (ICNAF) and presented
in its annual reports (ICNAF was abolished in 1979 and replaced
Dy the Northwest Atlantic Fisheries Organization {NAFO) which
continues to compile fisheries harvest data).

Reported offshore landings of American shad for the recent
decade are presented in Table II-14 (from Boreman, 1982). The
offshore data are reported by ICNAF reporting zone as well as
by country. Data reported by country are a more precise documen-
tation of the harvest actually taken in offshore waters, The data
illustrate that reported offshore harvests of American shad are
very limited. However, it is known that American shad are fre-
quently misidentified as river herring by Eoreign as well as
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® - 1 River Tag Return
% - 1 Sea Tag Return
@ - S River Tag Returns
*-— S Sea Tag Returns

Tag Returns to Date for Shad Tagged

in Cumberland Basin.Bay of Fundy. Canada

Locality map for recaptures of shad tagged in
Cumberland Basin (from Scarratt and Dadswell,

1983).

Figure II1-11.
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domestic fishing vessels. Species identification is particularly
likely to be poor in the case of immature fish. However, the
axtent of possibly misidentified harvests is considered by NMFS
staff to be minimal, The placement of U.S. observers onboard
foreign fishing vessels operating in the U.S. Fishery Conserva-
tion Zone in recent years may have decreased the potential for
identification errors.

Areas of Potential Interjurisdictional Management Problems

In earlier American shad work initiated by ASMFC (e.g.,
Talbot and Sykes, 1957, and others), the fisheries for American
shad in the 1940's and SO0's were characterized as a basis for
examining the types of interjurisdictional problems which existed
at that time. During those decades, substantial landings of shad
were taken in coastal pound nets, particularly in the area of New
Jersey and New York (Fischler, 1958; Nichols, 1957). These £ish-
eries took substantial amounts of shad from stocks that were not
native to the state in which they were harvested. As an example,
11t of the New York/New Jersey coastal catch was identified as
originating in river systems other than the Connecticut and the
Hudson. Of the remainder, 76% were Hudson River fish, and 13s
were Connecticut River fish (Nichols, 1957). However, there was
no detectable relationship between the magnitude of pound net
catches in this coastal fishery and the size of shad runs on
both the Hudson and the Connecticut Rivers. Whitney (1957) re-
ported the results of a tagging study conducted in the Chesapeake
Bay, which suggested that only approximately 3% of Maryland shad
sStocks were being harvested in pound nets in Virginia waters of
the lower Chesapeake Bay. White et al. (1969) reported that 63%
of the total harvest in the Delaware Bay is made up of fish frem
other drainage systems, as far north as Canada. Zarbock (1969)
noted that 70% of the recaptures of fish tagged in the Delaware
Bay were also taken in other waters. Chittenden {1974) charac-
terized the segments of the Delaware Bay fishery dominated by
non-Delaware stocks. Offshore foreign fisheries undoubtedly
have the potential to take fish from all east cocast ceast drain-
age systems.

These findings are useful for identifying potential inter-
jurisdictional problem areas, However, the reported findings
can be influenced by numerous factors, such as the following:

¢ The composition of, the catch in any given area may be a
function of the time of the year during which effort is
employed (relative to the timing of fish migration) as
wall as the nature of the dear (e,g., mesh size of gill
nets relative to the difference in mean size of different
stocks},
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® The offshore fisheries (ICNAF/NAFO) use nonselective gear
(e.9., large midwater trawls) which probably harvest all
size (i,e., age) groups of fish. Thus, such fisheries

can shad were harvested.

® The late summer/early fall fishery for American shad in
Canadian waters also takes both immature and mature fish:
however, since these efforts are relatively low, it is
unlikely that they will have significant effects,

Since all east coast Stocks begin their prespawning migra-
tiocns in southern coastal waters, northern stocks may be exposed
to exploitation during much of their northward movement along
the coastal United States, This would Suggest the potential for
higher fishing mortality of mere northern Stocks than of southern
Stocks. While immature fish may move with the spawning adults
into inshore waters, fisheries are primarily directed at the
large, preferably roe shad. ' Thjs means that selective gear nmay
be used (i.e., large mesh gil} nets), with the result that im~
mature fish cannot be detected or harvested.

Implications of Coastal Migration patterns for Management

Coastal fisheries occurring to the south of South Carolina
are unlikely to exploit any of the more northern stocks of
American shad, based on the c¢oastal migration pattern data
discussed above. In contrast, the spring coastal fisheries
from South Carelina northward, the fall fishery in Canadian
waters, and the offshore fisheries all may exploit many different
Stocks ¢f American shad.

The decline in the use of pound nets in coastal waters in
the last two decades, particularly in the mid-Atlantic area
{ New Jersey-New York), reduces the exploitarion of non-native
S$tocks in those states. From the information presented &bove,
it would appear that the fisheries in coastal waters of southern

management problems in the case of American shad. The evolution
of the southern coastal fisheries in response to high market
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. .

F, SELECTED LIFE HISTORY ASPECTS RELéVANT TO MANAGEMENT

Latitudinal differences in age of maturity

Age of maturity is the age at which a fish first becomes
sexually mature. For anadromous alosids, age of maturity dif-
fers between sexes. Table II-15 presents data for shad from
runs from Florida to Canada. Leggett and Carscadden (1978)
concluded that although males from the St. Johns River had a
statistically significant lower mean age of maturity than males
from all other runs examined {not evident in Table II-15), there
was. no latitudinal gradient in age of maturity, as is evident
in the data presented in Table II-15. However, some degree of
variability among river systems is also clear.

" The significance of these data on age of maturity to the
management of American shad stocks hinges primarily on the fact
that all stocks remain at sea for similar periods of time before
first returning to spawn. Since the stocks appear to mingle
during the major portion of their stay at sea, any ocean or
coastal fishery that significantly increases mortality of shad
during the coastal migrations may impact on all stocks to a
similar degree. :

Size at Age

Tables II~16 and II-17 present data on size at age, by sex,
for shad taken from five different river systems. All of these
data are empirical, determined from actual measurements and
scale reading of fish taken in samples, thus avoiding the poten-
tial problem of Lee's phenomenon.

Similar data are presented in Figure II-12, from Leggett
and Carscaddan (1978). This graph shows the substantial differ-
ence in size at age between the more southern stocks and the
more northern stocks. The authors attribute difference in
growth to the length of juvenile stay in freshwater. However,
an examination of other literature suggests that juveniles in
the south (i.e., Georgia) leave nursery areas in October and
November, as is the case in more northern rivers {(Adams, 197G).
Thus, the time of initiation of their ocean stay would appear
to be similar to that of the juveniles for the more north
rivers, suggesting that Leggett and Carscaddan's explanation
may not be correct.

Coastal migration data discussed earlier suggests that all
east coast stocks utilize the same summer feeding grounds (i.e.,
Gulf of Maine and Bay of Fundy). If this is the case, all
Stocks utilized the same resources as forage. Thus, the only
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Table II-16. Mean fork length (mm) of female
(from PSEG, 1982a)

gr. iohn R-. :"l

.
Cognecticue 1., CT°
) 4

Maxizmm

.1

Delaware i., !J'z
X

aiceo

-

-

St. Johns 2., FL
Fd
D
Min{rnum
Maxiaum
a

1 1 3
209.2  321.9  404.4
57 87 87
403.0
19.2
370.0
&49.0
15
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Table II-17. Mean fork length (mm) of male American
(from PSEG, 1982a)
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Figure II-12. Size by age of male and female American shad in
populations spawning in five Atlantic coast
rivers. Vertical bars represent 99% confidence
intervals for means (from Leggett and Carscadden,
1978).
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dpparent explanation for differences in growth between northern
and southern stocks is genetic factors relating to evolutionary

adaptations of the stocks, as has been discussed by Leggett and
Carscaddan (1978).

Frequency of Repeat Spawning

Data in Table II-18 (from Walburg and Nichols, 1957) reveal
the absence of repeat spawning in rivers south of North Carolina,

of return of large Year-classes the frequency of repeat spawners
may be very small primarily because of the large numbers return-
ing from the dominant year-class, Similarly, the return cf re-
peat spawners from a large class in Subsequent years may inflate
the relative percentage of repeat Spawners in a given year,

Thus the data summarijes Presented in Table Ir-18 must be con-
sidered generalizations, )

Leggett and Carscaddan (1978) reconfirmed the pattern of
frequency of repeat spawning shown in Table II-18 with more re-
cent data, The same Pattern is further corroborated by data
collected in numerous sState studies,

At a scale reading workshop carried out in 1982 ip coniunc-
tion with a meeting of the Shad and River Herring sss Committee,
questions were raisad about individual investigator's discrimina-
tion of spawning checks on scales of southern fisn. While there
is conclusive evidence of the occurrence of very small amounts
of repeat spawning in North Caroclina, there remains no evidence
of repeat spawning from South Carolina to Florida, Exisecing
literature (e.g., Walburg and Nichols, 1967} cverwhelmingly
sSupports the view that there 18 no repeat sSpawning in the most:
Southern stocks.

the efficacy of harvest on management actions may exist. In
cases where the percentage of repeat Spawning is minimal, the
size of the run in any given year is essentially a function of
the spawning success in prior years, 1In contrast, runs having
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repeat spawners in the next year. Harvest restrictions in these
circumstances can have a short-term, direct, nonrecruitment-
related positive impact on runs in subsequent years. In con-
trast, size of runs without substantial repeat spawning depends
completely on the year-class Success of individual runs in the
past, and can only be impacted to the extent that increases in
run fecundity due to harvest restrictions in any given Yyear re-
sult in greater production of progeny.

Mortalitx Rates

Mortality rates may be partitioned according to life stage:

& Ichthyoplankton
& Juvenile (in freshwater)
®* Immature (at sea)

¢ Adults - fishing mortality; nonfishing spawning run
mortality; post-spawning at-sea mortality.

Ichthyoplankton mortality rates tend to be extremely high.
Leggett (1977) reported that, on the average, only 0.00083% of
American shad eggs produce sexually mature adults. The majority
of the mortality occurs from the time of deposition of the egg
to the time of juvenile stage. Crecco et al. (1983a) have
demonstrated that yearclass size is sSet at the point in time
where larvae reach the juvenile stage, and that larval mortality
rates are quite variable from Year to year. Survival of larvae
(after egg hatch) through juvenile stage may be on the order
from 1 to 2% (Public Service Gas and Electric, 1982a).

Juvenile mortality rates have been reviewed in PSEG (1982),
and a number of different observed mortality rates for the Con-
necticut and Delaware rivers are presented in Table II-19.
Monthly survival rates of juveniles on the nursery grounds were
in the range from 60 to 7S5%. Crecco et al. (1983a) reported more
Tecent findings of daily mortality rates of juveniles of 1.8 to
2.0% per day. If one assumes an average river residence time for
juveniles of three months, the survival of juveniles until out-
migration would be on the order of 30% (e.g., 70% of juveniles
are lost before reaching the ocean). Longer residence time would
reduce this percentage figure even further. Residence times in
the Delaware have been reported to be as high as 4-5 menths,
depending on water temperature (M. Miller, 1982).

Mortality of sexually immature fish at sea has not been
documented. Analysis of tagging data collected by Dadswell
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et al 1983) will provide a strong basis for estimating such
mortality rates. Based on normal biological processes in fish
populations, mortality rates of sexually immature post-juvenile
fish would be considerably lower than the mortality rates for
the younger life stages.

Adult mortality rates have been‘estimated a number of
different ways, including extensive tagging-recapture studies
conducted over periods of years, as well as documentation of
passage of individual yearclasses through a fishery by age
composition studies over a period of years. All methods of
estimation of mortality are subject to alternative interpreta-~
tions of the data, and thus some older interpretations {e.g.,
Fredin, 1954) have been reassessed and considered to be in
error (e.g., Leggett, 1976; Crecco, 1978). For this reason,
compilations of figures from the literature, as are included
here, should be considered to be general overviews of mortality
rates as opposed to rigid documentation of true mortalities,

Table I1-20 presents estimates of fishing mortality rates
for a number of different river Systems along the east coast.
In general, rates Bay not be as high as presented here. As
was already pointed out, some of these values may be suspect
because of the manner in which they were derived (e.g., Fredin,
1954). Most recent data (Leggett, 1976; Crecco, 1978) suggest
that current commercial fishing mortality rates are generally
cn the order of 20 to 30%. Fishing mortality rates differ, of
course, by sex, since the fishery is directed primarily at
larger female (roe) shad, which are more marketable than buck
(male) shad. Roe shad fishing mortality rates tend to be
approximately double those of buck shad (e.g., Crecco et al,
1382). This figure would of course vary with the amount of
effort and specific conditions in any given year. Crecco
(1980) has reported a recreational fishing mortality rate of
4 to 10% of the escapement past the commercial fishery on the
Connecticut River, Comparable figures for the Delaware River
are of 8 to ll% (Table II-21). Table II-22 provides estimates
of weight of American shad by age and sex for the Connecticut
River. These data permit comparison of numerical harvests
reported for recreational fisheries and poundage harvests
reported in commercial fisheries.

In addition to fishing mortality, natural mortality adds to
the total mortality rate for adult shad. 1In river systems in
which no repeat spawning occurs, of course, total mortality
rates are 100%. Thus, it is evident that natural mortality
rates are lower in more northern runs with repeat spawning than
in southern runs, assuming no major difference in fishing mor-
tality rates. Leggett (1976) assessed annual total mortality
rates for Connecticut River shad. He reported annual rates for
males and females of 70% and 71%, respectively. Mortality rates
were estimated by PSEG (1982) for shad occurring in the Delaware
River, and determined to be a 70-80%. However, these values are
suspect given the very low percent tepeat spawning in that system.
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Annual total mortality rates would appear to be on the order

of 70-90% in the northern river Systems where repeat spawning
occurs,

Mortality rate data just discussed have significant impact
on the feasibility of various management actions. The data
demonstrate that the major mortality between egg and adult
Stages occurs during the prejuvenile life stages. In cases
where these mortalities are controlled by environmental condi-
tions, as is suggested by Crecco et al. {1983b), management
actions aimed at modifying these factors may be infeasible.
Restrictions on harvests have the capability solely for alter-
ing the portion of total mortality accounted for by €ishing.

As was noted above, fishing mortality rates due to either com-
mercial fishing alone or in combination with recreational fish-
ing, may account for on the order of 25%-50% of mortality to

the spawning stock in a given year. In cases such as the
southern runs, where total mortality will be 100%, restrictions
on fishing may have limited impact on subsequent run sizes,

This topic is discussed in detail under the heading of popula-
tion dynamics, since the degree of independence between recruit-
ment and spawning size is the determining factor.

Fecunditz

Fecundity data had been collected from shad in many of the
runs occurring along the east coast. Fecundity, expressed in
terms of amount of eggs per female, varies according td the size
of the fish but in general ranges between 200,000 and 3200,000.
Figure II-13 presents data summarized by Leggett and Carscadden
(1978). The figure shows that the larger fish (which in northern
Tuns may represent repeat spawners) yield significantly more eggs
than the smaller fish. If repeat spawners make up a substantial
portion of a run in any given year, they may contribute signifi-
cantly to total run fecundity. Also, fish in the southern runs
have a higher fecundity per unit body weight than do fish in the
northern runs. Leggett and Carscaddan interpret this as an evo-
luticnary adaptation of the southern runs; that is, because the
fish have the opportunity to spawn only once (because of 100%
total mortality), their fecundity per unit body welght is maxi-
mized.

The significance of these fecundity data for management is
that manipulation of fishing rates may have some effect on the
total fecundity of a run in any given year through resultant
c¢hanges in percentage of repeat spawners, However, whether in-
creasing total run fecundity has a concomitant effect on number
of juveniles produced (i.e., on year-class size) is an open
question, Data analyzed by Crecco et al, (1983b) suggest
that, in fact, yearclass size is almost entirely controlled by
environmental factors as opposed to run fecundity at "normal"
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levels of spawning stock size. This topic is discussed in more

detail under the heading of shad population dynamics. Fecundity
may become important when run Sizes have been depressed to some

very low level, termed a threshold level.

Shad Population Dynamics

An understanding of the population dynamics of a species
is the most important aspect of fisheries management. Popula-
tion dynamics represents the integration of many of the indi-
vidual life history aspects discussed above. Because of the
complexity of the factors that control population dynamics,
this aspect of any given species life history is in general
poorly defined.

Studies reported in the literature in previous years
{Talbot, 1954; Walburg, 1963) involved the use of regression
analyses to investigate factors that influenced shad stock
abundance. Talbot (1954) concluded that escapement (i.e.,
number of adults escaping the fishery and reaching the spawning
grounds) five, four, and one year prior to the year in which
stock size was estimated had a significant impact on subsequent
year-class size, explaining 85% of the variation in landings
in the Hudson River. Walburg (1963) also suggested that adult
éscapement has a substantial effect on subsequent run size in
the Connecticut River. Both these studies suggested thatr
shad exhibit stock—dependent recruitment, i.e., the number of
juveniles produced was significantly related to the numbers
of adults spawning. :

More recent assessments of similar data and reexamination
of the premises of the analyses done by both Talbot and Walburg
have suggested that there are serious deficiencies in those
analyses. Included in these deficiencies are the fact that
data were autocorrelate + that the tags used in conducting the
studies resulted in biased catch rates for tagged fish, and
that there was selectivity in the gears used in documenting
the run size. Leggett (1976} and Crecco (1978) both document
numerous limitations in the analyses. In the case of the work
done by Talbot, the role of run Size one year earlier in deter-
mining the run size in a given year is of course strongly depen-
dent on escapement 8imply because at that time, repeat spawners
made up 50% of each run. Increased éscapement resulted in more
repeat spawners the following year, thus denerating high correla-
tion.

More recent analyses (e.g., Leggett, 1976, 1977; Crecco
et al, 1983b) addressed the same issue of inflyence of stock
Stock size on subsequent recruitment to the fisheries in the
Connecticut River, Leggett (1976) concluded that at the
current time, Connecticut River shad Stocks were far below the
level of the stock capable of producing maximum vyield. He
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concluded that year-class strength is in part dependent on
spawning stock size, but that spawning stock size has much more
limited influence than have environmental variables. Crecco
(1978) and Crecco et al (1983b) expanded and refined the analyses
of Leggett. These results showed that in recent years, stock
size has had virtually no influence on the number of recruits re-
turning to the river in subsequent years, and that environmentally-
controlled mortality rates in the prejuvenile stage are the domi-
nant factors determining the spawning success of the run in any
given year. In essence, the data suggest no significant correla-
tion between parent and progeny numbers.

No other east coast shad runs have been studied to the
level of detail of the Connecticut River run. While numerous
short-term, life-stage-specific studies have been done in some
systems, only recently have relatively complete life history
studies been initiated in certain systems (e.g., the Delaware
River, the Altamaha River in Georgia). Thus the Connecticut
River results must stand as the most detailed examination of
population dynamics of American shad. Applicability of the
Connecticut River findings to shad runs along the entire east
coast must be assessed if those results are to be used as the
basis for management decisions for east coast runs.

The significance of these population dynamics findings to
the feasibility of management options (at . least in the sense of
harvest restrictions) is clear. If in fact adult run size has
virtually no statistically significant effect on recruitment
in subsequent years, restrictions on commercial or recreational
harvests will do little to influence subsequent recruitment.

The data demonstrate that manipulation of run size will not
result in a predictable response in terms of numbers of progeny
produced. However, all current researchers acknowledge that

at some low population level, the total run fecundity and the
total spawning stock size will play an increasingly greater

role in determining the number of progeny subsequently produced.
Information is not currently available to suggest what this low
threshold level will be. Definition of the critical threshold
spawning stock size would appear to be cone of the major research
goals for the future. Management actions involving water quali-
ty improvement and increases in habitat availability would, of
course, have beneficial impact on stocks, independent of their
population dynamic¢s characteristics.

G. RESTORATION PROGRAMS

While restoration of fishery stocks may mean the rehabili-~
tation of existing stocks that are currently at low levels,
restoration efforts discussed here will focus on those aimed at
establishing new runs to waters which formerly supported runs
which were eliminated through either denial of access or through
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destruction of required habitat. Restoration programs are
presently underway along much of the east coast. Existing
programs are described in summary in Table II-323. Efforts on
major river systems, either in progress or at the startup
stage, are being conducted on the Connecticut River and the
Susquehanna River. 1In addition, numerous efforts are being
made on much smaller drainage systems listed in Table IT-23,

In the majority of these programs, insufficient time has
passed to assess success. Returns have been seen in the Pawca-
tuck River in Rhode. Island, but numbers are not up to expecta-
tions. Because of the period of time during which the program
has been ongoing, the Connecticut River may serve as the best
case study of restoration of American shad on the east coast.

A detailed discussion of the background and current status of
this program is presented by Moffitt et al. (1982). Dam con-
struction on the Connecticut River beginning in the 1700's

was responsible for denying American shad access to the majority
of the Connecticut River drainage. The lowermost of these dams
is the Holyoke facility at South Hadley Falls in Massachusetts.
This dam restricted anadromous fish to the lower 140 kilometers
of the river. Numerocus efforts were made in the early 1900's

at reestablishing American shad above both Holyoke and other
dams, but all were unsuccessful.

The first facility constructed at the Holyoke Dam for
passage of American shad and other anadromous species began
operation in 1955. Major improvements were made to the lift
in 1976, Numbers of shad passed over the dam have increased
from approximately 5,000 in 1955 to over 500,000' in 1983. The
facility is designed to accommodate an American shad run of
approximately 1 million. The passage data would suggest that
the program has been very successful in reestablishing shad
to the portion of the Connecticut River above Holyoke Dam.
HSowever, recent analyses (Crecco et al, 1983d) have been unable
to document a relationship between number of adult shad passed
above the Holyoke Dam and sizes of runs 4 and S years later.
The alternative explanation for increased passage of fish
would be increased attractiveness and improved efficiency of
the lift facilities and their operations. One possible expla-
nation for lack of demonstrated effectiveness of the restora-
tion effort is high juvenile mortality during downstream
Passage through the dam turbines (Knapp et al, 1982). all
relevant factors are currently under investigation.

Restoration programs serve as extremely valuable management
tools because they essentially create new fish for the fishery
with no restrictions on current users. However, the success of
the restoration has yet to be conclusively demonstrated, and
most cost-effective methods of implementation of this type of
management approach must be evaluated,
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H. ANTHROPOGENIC EFFECTS .- RECENT OR POTENTIAL

The effects of pollution, dam construction, and other
‘man-related environmental alterations on American shad have
bPeen documented in several of the earlier review documents
(e.g., Walburg and Nichols, 1967; Mansuetti and Kolb, 1953).
While these factors may have contributed to historical declines
in landings, their role in declines seen in the last 20 years
has generally not been clearly delineated. However, in several
specific cases, the effects of man-related environmental altera-
tions are known. These cases will be documented here.

Delaware River Pollution Block

The area of the Delaware River in the vicinity of the
cities of Camden, New Jersey, and Philadelphia, Pennsylvania,
has a history of pollution problems. This problem is addressed
in great detail in a Management Plan for the American Shad in
the Delaware River Basin (DBFWMC, 1981). Pollution of the
river results in depressed oxygen levels beginning in the spring
and extending through the fall. The presence of extremely low
dissolved oxygen, frequently reaching anoxia, during periods
of spring spawning migration by adults or' outmigration by
juveniles has in the past served as a constraint on the success
of the Delaware River American shad run. Polluytion abatement
programs over the last 20 years have decreased the organic
loading in the Delaware River and contributed to a reduction
in the magnitude and the duration of the oxygen block in the
Delaware. This has provided an opportunity for more successful
spawning runs and downstream emigration of juveniles, resulting
in a dramatic increase in the Delaware River shad stock. Despite
the success in reducing the duration of the oxygen block,
detrimental oxygen levels still occur. Because this oxygen
problem occurs in a location which can completely constrain
the run (i.e., the pollution block extends across the entire
river), any unusual condition, such as extremely low river
flow that could aggravate the oxygen block, can have a dramatic
impact on individual year-classes. Thus, the Delaware River
shad run, despite being very successful within the recent
decade, is extremely vulnerable to pollution conditions in one
limited segment of the entire drainage system despite the fact
that water gquality is good upstream as well as downstream of
the problem area.

Other pPollution Areas

Water gquality conditions have also been considered to have
impacted on alosids stocks in North Carolina in the Albemarle

Sound area. However, the impact is not as clearly defined as
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in the case of the Delaware River. Changes in phytoplankton
composition have been noted, with the occurrence of blue-green
algal blooms and their presence in juvenile alosid guts noted
(Johnson, 1982), While these indirect findings suggest a po-
tential pollution effect on alosid stocks, the relationship

has not been established rigorously. Similarly, pollution of
nearly all estuarine waters along the east coast has certainly
increased over the last 20 years, due to industrial, residen~
tial, and agricultural development on the watersheds. The
general degradation of water quality is a coast-wide problem,
although actions to decrease sewage discharges through the
construction of sewage plants has actually decreased the levels
of sewage nutrients discharged into coastal waters during the
past 20 years. This decrease in organic enrichment would bene-
fit the water quality conditions; however, it would not result
in a reduction of other types of pollutant discharges into
these waters, such as heavy metals, organic compounds, etc.

The construction of the Blue Plains sewage treatment plant near
Washington, DC, on the Potomac River, had an obvious effect in
reducing nuisance algal blooms. The fact that American shad
stocks in the Potomac declined during the same period that Blue
Plains was reducing nutrient loading poses unresolved questions
as to the effect of sewage chlorination and concurrent watershed
development on shad stocks. .

Bay of Fundy Hydroelectric Projects

Large tidal hydroelectric projects are currently being
considered for construction in basins of the Bay of Fundy,
Canada (Fig. II-14). These projects have been described
in detail by Dadswell et al, (1983) and Gordon and Longhurst
(1979). The two individual basins proposed as sites for hydro-
development are the Minas and Cumberland Basins. The very
large tidal range in these areas, approaching 16 m in specific
locations, provides a great potential for generation of electric
power through control of water movement in these basins. How-
ever, Dadswell et al, (1983) have found that these particular
basins are used extensively by American shad as foraging areas
during summer months. The extensive tagging studies conducted
by Dadswell and his co-workers have shown that fish from all
runs along the east coast of the United States enter those
specific basins. Dadswell has hypothesized that, in fact,
these areas are critical to the success of all east coast shad
stocks. Dadswell has also projected that construction of the
proposed hydro projects with subsequent passage for American
shad through turbines would cause major mortalities to all of
the stocks. As described by Scarratt and Dadswell (1983} the
situation in these basins is distinct from a circumstance in
which the hydroelectric project is on a riverine system.* 1In
a river, fish would move through generating turbines only
once, while in a tidal project fish may move into and out of
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CHARACTERISTICS AND COSTS OF TIDAL POWEB SCHEMES

SITE B9 SITE A8
1881 J98
New New
Method Methed
f

1. Total number of powerhouse units 106 128 37
22 Number of Sluicas (Shailow) 6 70 -—
2 Number of Deep Siuices a4 =2 -—
3. Number of Spare Units 8 8 2
4. Rated unit output MW 38 38 31
S Installed Capacity MW 4028 4864 1147
8. Net Plant Capacity MW 3800 4560 1088
7. Net annuai energy GWh 11768 14004 3183
8. Capacity Facter (%) 35.4 a5y 3358
9, Cast Estimate ($x 109

(@) Tatal Qirect Cast 3524 4011 1183.2

b} Indirect and interest plus

contingency 2433 3019 726.1

(€} Total Capital Cast 6017 7030 1879.3

10, Annuai Charge (3¢) x .05531 3328 3884 103.9
11, Cast of Energy mills/KWh 28.3 278 26
Figure II-14. Characteristics of tidal hydroelectric facilities

Proposed for Bay of Fundy estuaries (from Fundy

Tidal Power Project Description,
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basin with each tidal cycle. Thus, where turbines cause a
relatively small percentage mortality with one passage, the
cumulative mortality resulting from repeated passage into and
out of the basin would result in substantial mortalities.

Also of concern are-the potential changes in the basin ecosystem
structure. Scarratt and Dadswell (1983) raised the possibility
that a reduction of exchange and mixing in these upper basins
may reduce biological productivity, resulting in a decline in
the forage value of planktonic communities.

Extensive work has been conducted and is continuing in
Canada to document the patterns of movement of shad in the basins
of the Bay of Fundy and the stock composition of the fish uti-
lizing those areas. A portion of the tag return information was
presented earlier in Fig. II-1ll. As of spring of 1983, nearly
10,000 shad have been tagged and released in the two basins.
These tagging studies will not only provide information on the
migratory patterns and origin of the stocks using the basins,
but will also provide detailed information on mortality rates
for all ages of shad. The studies have already shown that the
Bay of Fundy is used by all age groups of shad, including both
sexually mature and immature fish.

While neither of the proposed major tidal projects is cur-
rently in development stage, a prototype,. small-scale project
will begin operation in 1984 on the Annapolis River estuary in
Nova Scotia. Considerable concern has been expressed by American
fisheries agencies about the potential for the proposed projects
to impact American shad stocks. This concern was conveyed in
a letter sent from the Atlantic States Marine Fisheries Commis-
sion to all state and federal agencies having respoasiblity for
fisheries management (see Appendix C). This letter, distributed
during the summer of 1983, elicited responses from a number of
federal agencies and legislators, as well as a response from
the U.S. Department of State. The State Department contacted
the Canadian government to express concerns with the project.
The Canadian government responded that they were aware of the
concerns and that when and if additional development and plan-
ning occurred for these projects, fisheries impacts would he
one of the major areas investigated. At the current time
there is no ongoing development work on the projects. However,
considerable predevelopment design and planning have been done
and are continuing., Should economic circumstances become more
favorable, development could procede rather rapidly. Thus,
these projects must be monitored rather closely in order to
ensure that the fate of the American shad is fully considered
in any development.
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I. RELEVANCE AND POTENTIAL VALUE OF ALTERNATIVE
MANAGEMENT ACTIONS

Summary of Important Population Biology Aspects

The efficacy of any management action is a function of the
life history characteristics of the species being managed.
Thus the critical aspects of American shad population biology
must be taken into account when considering the potential
value of any management action. This summary of these critical
aspects. is drawn from the material already presented:

® River and coastal fisheries are directed at a very
limited number of age classes; ages 4 and 5 make up the
majority of American shad harvests along the entire
east coast of the United States, with older age classes
contributing somewhat more to harvest in northern states.,

e Offshore fisheries, and Canadian fisheries in the Bay of
Fundy during summer and fall, may take all year-classes,
including sexually immature fish.

® All east coast stocks appear to mix at sea during coastal
prespawning migrations, and during foraging periods in
the summer in the Gulf of Maine and the Bay of Fundy.

¢ American shad are relatively short-lived, and vary
latitudinally from being iteroparous (spawning only
once in their lifetime) to semilparous (spawning more
than once in their lifetime).

® Certain population characteristics (e.g., size at age,
percent repeat spawning) vary latitudinally suggesting
that management actions may have to be regionally
specific.

¢ Current data suggest that, for the most part, recruit-
ment may be independent of spawning stock size.

¢ Restoration efforts opening up new areas of spawning
habitat appear toc have the potential for adding sub-
stantially to the total east coast stock of American
shad.

Assessment of the Potential Impact of Various Management Options

Difierent categories of fishing regulations differ in their
ultimate effect on a given population. For example, size limits

may influence the fishing mortality rate of specific age classes
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of fish, whereas gear restrictions may affect all age groups.
Thus, in examining the various types of regulatory actions that
may be used to manage American shad, it is necessary first to
examine the effect on a given stock that certain types of° manage-
ment actions would have,

One broad category of management action is the implementa-
tion of catch restrictions (i.e., the reduction in total harvest
of a species). Catch restrictions would have different impacts
on American shad stocks depending on which fishery is being re-
stricted. In cases where a fishery is in place near the mouth
of the spawning drainage system, the restriction on total harvest
will increase the escapement of fish. In more northern areas,
such an increase in escapement will not only increase the number
of fish allowed to spawn in that yYear but may increase the
probability of repeat Spawning by those same fish in subse-
quent years. The net effect of catch restrictions on river
fisheries is to increase the number of fish spawning. However,
as discussed in the population dynamics section presented earlier
in this reporet, increasing the number of spawning adults will
-have an unpredictable impact on subsequent recruitment,

Restriction of offshore harvests and harvests of shad in the
summer and fall fisheries in Canadian waters may have its greatest
impact in reducing total mortality rates for sexually immature
fish, which would make Up the majority the impacted populations,
However, as was discyssed earlier, these fisheries are presently
very limited in magnitude. Control of these harvests may represent
more of a preventative action than a restorative one.

Restriction of harvest in coastal waters during spawning
migrations may impact on the fishing mortality rate for fish of
different drainage Systems. . Based on the migration patterns
already described, more northern stocks may be exposed to greater
fishing pressure than more southern stocks as they migrate norzh- -
ward along the coast. Restrictions on fishing effort in souchern
waters have the potential for influencing run size of northern
stocks,

The magnitude of potential benefits of water quality im-
provements may vary considerably by drainage system along the
€ast coast. As was noted earlier in this report, the Delaware
River run is vulnerable to Seasonal declines in water quality
in one specific segment of the entire drainage system. Improve-
ments of water quality in that localized area have been extremely
effective in enhancing the run in the Delaware. In other areas,
such as Albemarle Sound, the more deneric nature of water quali-
Ly problems, with less specific direct linkage to stock condition,
makes the efficacy of water quality improvement less clear. Sim-
ilar circumstances occur in most of the drainage systams along
the coast, except where localized conditions in specific spawning
areas or in restricted migratory paths may serve as total con-
straints on the success of individual runs,
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Restoration programs intuitively would appear to he an
attractive management strategy in any portion of the range of
American shad on the east coast, since they provide the oppor-
tunity to add fish to existing stocks with no detrimental im-
acts. However, the potential of restoration for contributing
significantly has, to date, not been conclusively demonstrated.
Success requires the existence of valuable habitat that jis
currently inaccessible to or unusable by fish, and a high
potential for reestablishing runs through normal management
actions (e.g., stocking of gravid adults in the spring, hatchery
releases of juveniles, water quality improvements).

J. POTENTIAL EFFICACY OF REGULATORY CHANGES

The type of regulatory action that can have an influence
on stock dynamics for American shad is, of course, dependent on
its population biology characteristics. 1In contrast to fisheries
for such species as cod, very few yearclasses of American shad
are exploited (i.e., ages 4 and 5}, and the individual fish are
not long-lived. In such Stocks, unrestricted harvest could re-
sult in stock overfishing as opposed to growth overfishing
(i.e., instead of reducing the potential biomass harvest by
harvesting fish too early in their period of growth, as could
be the case for longlived species such as 'codfish and haddock,
overharvesting may reveal itself in sSubsequent precipitous
declines of the spawning stock). These particular aspects of
the biclogy of American shad must be considered in developing
4 managemernt strategy for the sSpecies, Specific regulacory
actions must then be selected as the basis for carrying out
that management strategy. For example, if it were to be de-
termined that certain sizes, ages, oOr sexes must be protected,
that strategy could be implemented by a number of different
types of regulatory action, including the following:

Gear Types - The type of gear employed in a fishery very
strongly influences the composition ¢f the harvest

taken from a given stock. Certain gears (i.e., gill

nets) may be very selective for certain sizes of fish

in contrast to other gears (i.e., pound nets), which

have -equal probability of capture for a broad range of
sizes and ages of fish in the vicinity of the gear.

Thus, limitations on the type of gear to be employed

can be an effective means of altering the exploitation
Tates for given age, sex, or size category of the species.

Gill Net Mesh Size - Gill nets are an extremely selec-
tive gear type. Changes in the legal size of mesh of
gill nets have a strong impact on the size frequency of
fish captured by those nets. Proper selection of mesh
size can result in differential harvest of different
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age, size, or sex categories within any given species.
In the case of American shad, harvest of mature females
could be decreased by requiring smaller mesh size regu-
lations, 1In addition, the composition of net material
{i.s., monofilament vs twine) may have a substantial
impact on the overall efficiency of the net: Leggett
(1976) has shown that monofilament gill nets are much
more efficient than twine gill nets for the capture of
American shad. Thus, controls on composition of the
nets may be a means of implementing regulated ineffi-
ciency in harvest,

Lift Or Closed Periods - Lift periods are those desig-
nated times during which fishermen are required to lift
their gear (e.g., gill nets, pound nets) from the water
to permit increased escapement of fish past the area of
fishing. Since the major American shad fisheries occur
near the mouth of the spawning tivers, fish that get
past this primary location for fishing are almost cer-
tain to contribute to total fecundity of the run during
that season. 1In general, lift pericds and/or closing
of fisheries permit additional escapement in direct
proportion to the length of the lifs. Thae is, a 1isx
period of two days per week should, on the average, in-
CI'nase escapement by two-sevenths, However, the rela-
tive efficiency of lift periods may vary aceording to
the pattern of the spawning run in a given year and the
location of the major gears being used, in relationship
to the major migratory routes of the species, In addi-
tion, lift periods for fisheries that are situated well
into the major spawning areas for the species will not
have the same potential value as the lift periods of
fisheries situated at the mouths of rivers or along
major migratory routes, The precise impact of lift peri-
ods on a given run in any given year may be relatively
unpredictable.

Seasons - The period of spawning migration of american
Shad in any given drainage system appears to be strangly
controlled by water temperature (Leggett and Whitney,
1972). while seasonal temperature catterns are relative-—
ly consistent on a long-term average, the specific zam-
perature conditions in any one year may vary from that
average considerably, Regulating the £ishing season
would help ensure a certain percentage of escapement

of a given stock. However, as in the case of lifs
periods, the actual result of the given season in any
given year may be rather unpredictanle. Also, in a
strongly seasonal fishery such as that for American
shad, the use of seascns as a management approach mav

be inappropriate, since the species are only exploited
for a brief period of time.
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Locations of Fishing - Restrictions on the areas where
fishing 1s allowed may have a substantial impact on
the percentage escapement for a given run. Permitting
fishing only near the entrance to a given drainage
System ensures that fish passing the fishery will be
available for spawning. 1In contrast, where fishing is
permitted on the spawning grounds, the percentage of
available stock that may escape the fishery will be
much less predictable. rLocation of fishing may be the
type of regulatory action that would make the effects
of other types of regulations (such as lift periods)
more predictable in total impact on the Sstock. Thus
it may be important as one element of a multi-faceted
management action.,

OQuotas - OQuctas are defined as the optimal allcwable
harvest for a given stock to énsure acceptable sub-
sequent recruitment in the stock. The implementation
of the quota system for any given species is dependent
on knowledge of the populatieon bioclogy of the species
and the existence of a sStrong quantitative data base

for all life stages of the species. 1In the case of
American shad, the data bases necessary for establishing
quotas are not available, and the population biology

of the species suggests that recruitment, at least

under normal conditions, is independent of stock

size. 1In such a case, quotas may be an inappropriate
means of manipulating stocks so a8 to influence subse-
quent stock size. However, quotas may play a role in
allocation of the harvest Among user groups where reduc-
tion of fishing mortality from all soyrces is desired,.

Recreaticnal Pishing Restrictions - The mose common
tYpes of limitations placed on recreational fishermen
are creel limits and size limits. Size limits in the
case of American shad are an inapprepriate management
action, since they are generally implemented to prevent
growth overfishing (i.e., to Protect those size classes
having the greatest potential for rapid growth before
harvest). Size limits would only have an impac: in
terms of mortality by sex, since buck shad tend to be
much smaller than roe shad. Creel limits would serve
primarily as a means of allocating harvest among more
fishermen, since unless the total number of recreational
fishermen were limited, the total recreational harvest
would not be controlled. The importance of recreaticnail
harvest control may be that in most cases recreational
fisheries occur near the actual spawning crounds, in
contrast to commercial fisherieg which tend to occur
near the entrances to the drainage svystems.
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Innovative Management Strategies.

Certain aspects of American shad life history suggest
that the optimal approach to management may be one which js
flexible and permits alteration of regulations on a year-by-year
basis in response to documented changes in spawning success
from year-to-year. Crecco's extensive work on the Connecticut
River (Crecco et al, 1983a,b) has suggested that the majority
of mortality of American shad occurs between the egg and juve-
nile stage, and that year-class success is set by the time the
juvenile stage is reached. Based on this premise, the spawning
success of a run in any given year can be established by a
detailed juvenile index survey. Fisheries for American shad
are known to take mostly virgin fish of ages 4 and 5. Age of
maturity by sex is reasonably well documented, as was noted
earlier in the report. with a sound data base on relative
juvenile abundance from year-to-year and the knowledge of the
normal composition of the catch, fisheries management approaches
may be outlined which would establish the allowable harvest in
any given year based upon the juvenile index 4 and § years
Previously. While the success of such A management approach
in terms of subsequent recruitment would not be predictable,
it would permit implementation of restrictive regulations in
cases where extremely poor spawning success has been documented.
This would be a conservative, flexible management approach.
It would ensure that fishing mortality would not be an additional
source of mortality and stress toc a stock already reduced to
possibly dangerously low levels.

K. DATA DEFPICIENCIES

Relatively little detailed information is available spanning
long periods of time on the majority of shad stocks, as is the
case with the majority of fisheries along the east coast of
the United States, The single exception to this general pattern
is the Connecticut River, where long-term data bases are avail-
able for almost all aspects of both life history and the fishery
for the species. It is evident from the literature generated
Sy the Connecticut River shad programs that the nacture of the
data being collected on the Connecticut would be the ideal
type to be collected in all cther major shad runs. Thus, the
Connecticut River data base may serve as a benchmark against
which to ccmpare data available from the other systems. This
comparison points out the major data deficiencies for American
shad:

¢ Accurate catch and effort data - the need for accurate
catecn and erfort daca nas been frequently stated in the
past (Mansuetti and Xolb, 19%53: Walburg and Nichols,
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1967). This data was viewed as being of value because
catch-per-unit effort indices may serve as an index of
relative stock size, While accurate total catch data
are esssntial for many different reasons (e.g., estab-
lishing economic value of the fisheryl, the value of
accurate effort data has been placed in question by
recent studies (e.g., V. Crecco, pers, comm.; Bannerot
and Austin, 1983). 1In addition, the varied nature of
the gear types used in fisheries for the Species (e.qg.,
stake gill nets, drift gill nets, run-around gill nets,
pound nets) increases the complexity of definition of
effort units. Thus, improvements in records of effort
may be a fruitless activity,

Long-term juvenile index data -~ The value of long=term
records of relative juvenile abundance in establishing
population dynamics characteristics of shad stocks has
been demonstrated conclusively in the case of the
Connecticut River., 1In addition, the Maryland juvenile
index definitely foretold the decline of stocks in

that state. Thus long~term juvenile index data may
Serve as an extremely valuable tool for establishing
flexible management actions in response to the relative
spawning success of the stock, as was discussed earlijer.
However, as was also discussed above, proper juvenile
index surveys must take inte account the nature of the
nursery area of the species, changes in nursery area
between years, the representativeness of sampling
stations, the efficiency of the sampling gear being
used, and all other relevant factors that may influence
catch-per-unit sampling effort. 1If not adequately
designed, juvenile Surveys may yield misleading data.

Stock discrimination data - of particular concern with
respect to stock discrimination are those fisheries wherse
multiple stocks may be harvested. This would include
fisheries in coastal waters (i.e., South Carolina), in
offshore waters, and in Canadian warters, Identification
of stocks that are being harvested would permit a ;
clearer definition of total fishing mortality rates

for individual stocks. Such data would also provide

an cobjective means of implementing regqulations in

areas where interjurisdicticnal preblems may arise
because of harvest of nonresident stocks.

Recreational catch data - In many of the major shad

runs along the east coast, recreaticnal fisheries are
extremely important, both in terms ©f economic value as
well as in poteatial impact on the stock an the spawning
grounds. In general, recreational fisheries are poorly
defined. Information on total recreational harvest

MAY permit a clearer definition of Management goals,

and also may provide a basis for selection of proper
regulatory approaches in managing stocks.,
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Documentation of offshore harvest - Improved identifiji-
cation of otfshore harvests of alosids would contribute
Lo the general documentation of total fishing mortality
of stocks of all species. Such information could also
be augmented by stock discrimination information devel-

oped from samples of offshore harvests,

the dominant factors controlling year-clasg success and
recruitment to harvests in future years. Because of
the importance of mortality of these ljfe stages for
determining the Subsequent success of the fishery,
additional information should be developed to examine
factors influencing these mortality rates., The poten-
tial for other factors, such as pollution, to ace
synergistically or antagonistically to already existing
natural factors controlling year-class success should
also be assessed.
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I1I. HICKORY SHAD (Alosa mediocris)

A. BACKGROUND

The hickory shad is a more southern species than the
cosmeopolitan American shad, with spawning populations Qccurring
from Florida northward, probably as far as New York. older
documents (e.g., Hildebrand and Schroeder, 1928; Bigelow and
Schroeder, 1953) describe harvests of hickory shad in southern
New England. However, they also note frequent misidentificarion
of the species. Overview documents prepared by state fisheries
personnel along the east coast report no current hickory shad
spawning north of Maryland. In New York state, hickory shad
are taken along the sastern shore of Long Island in May and
June, but not in the Hudson River American shad fishery; however,
this is viewed as an artifact of the fishing gear used in the
Hudson being selective for the larger American shad {Brandet,
pers. comm.), Hickory shad are smaller than American shad bur
larger than river herring (Fig. I-1).

As in the case of American shad, landings data represent
the only potential long-term record of hickory shad abundance.
However, there are a number of factors that make hickory shad
commerical landings data of much poorer quality than American
shad data. The close similarity in appearance of hickory and
American shad frequently results in hickory shad being lumped
with American shad in many landings reports. However, in some
locations where directed fisheries exist for hickory shad,
landings data are species specific, The accuracy of idencifica-
tion of hickory shad may also change with season. Since hickory
shad runs begin somewhat earlier than those of American shad,
all fish taken early may be identified as hickeory shad. Over-
all, the value of recorded commercial landings of hickory shac
as documentation of stock abundance is very gquestionaple,.

Reported commercial landings of hickory shad are sresentec
in Table III-l. The data Suggest a declining trend in apundance.
However, the data limitations just discussed make conclusions
about the magnitude and rate of decline difficul:s to establisn.
In addition, hickory shad frequently suppor: rather extensive
recreational fisheries; however, dependable rescreacional harvest
data do not exist,

Subsequent sections of this chapter of the report are
generally organized in the same manner as for the American snac,
focusing on the nature of hickory shad fisheries by state, lifas
Nistory aspects ralevant to management, and assessment of the
efficacy of various management aptions. Hcowever, =his repcort
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Table III-1.

Reported commercial landings of hickory shad

on the east coast of the U.S.
Fishery Statistics of the United States):

{pounds)

(NOAA

dashed lines denote no catch reported; blanks

denote no data acquired.

DATE _ MD va NC sc GA FL TOTAL
1950 8,000 14,874 22,874
1951 6,000 - 6,000
1952 3,000 - 9,000
1953 6,000 5,725 11,725
1954 0 1,189 1,189
1955 5,000 3,170 8,170
1956 268,082 8,873 21,626 298,581
1957 247,782 6,550 3,330 23,004 280,666
1958 83,985 560 3,119 19,217 106,881
1959 11,300 19,100 99,495 100 4,367 - 134,362
1960 1,874 10,300 180,703 2,586 3,844 - 199,307
1961 15,738 54,000 276,437 923 2,882 - 349,980
1962 6,864 42,100 171,650 791 1,699 -~ 223,104
1962 4,555 25,600 292,657 750 1,201 -~ 324,763
1964 14,697 49,542 232,892 1,962 1,030 - 300,123
1965 12,753 34,900 202,000 - 3§77 - 250,530
1966 8,454 41,265 196,536 - 1,913 - 248,228
1967 7,134 28,400 130,574 = 1,222 - 167,330
1968 6,825 13,830 141,305 - 11,308 - 173,268
1969 19,798 99,765 100,716 1,950 12,295 - 234,324
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Table IIl-l. Continued

DATE  MD VA NC sc Ga FL _ TOTAL
1970 40,132 23,909 61,424 2,600 4,491 - 132,556
1971 11,160 10,490 62,053 - 1,730 - 85,433
1972 22,288 26,803 69,190 3,399 2,515 - 124,195
1973 61,271 55,395 65,973 - 3,456 - 186,095
1974 12,957 41,189 41,725 - 343 - 96,214
1975 15,147 30,908 29,202 2,004 1,294 - 78,555
1976 4,680 3,620 18,716 - 555 - 27,571
1977 984 1,386 22,109 - 1,123 - 25,602
1378 1,394 1,622 20,507 - 2,079 - 25,602
1979 1,895 1,055 31,71 - 445 35,111
1980 2,101 91,501 720 410 94,732
1981 0 81,312 557 377 82,246
1982 0 24,742 676 867 26,285
1983 0 64,669 1,315 2,696 68,680
1984 888 2,862 3,750
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segment will differ somewhat from both the American shad and
river herring portions for two reasons: 1) the southern range
of the hickory shad obviates the need for regional treatment

of the fisheries, and 2) the absence of substantial information
on many aspects of the life history of the hickory shad limit
the depth of treatment.

B. INDIVIDUAL STATE FISHERIES

No commercial landings of hickory shad were reported in
Florida after 1959. The occurrence of large harvests in 1956
through 1958, prior to absence of reports, is unexplained
(Table III-1). Whether the absence of landings after 1959 was
due completely to a decline of the stock or was attributable
in part to the lack of landings being reported separately from
those of American shad is not known. .A very active sport
fishery for shad formerly occured on the St. Johns River in
florida, but-only about 2.4% of the catch were hickory shad
(Walburg, 1960, cited in Rulifson et al., 1982). In recent
years, commercially harvested hickory shad have been used pri-
marily as bait in fish and crab traps (Williams et al., 1975).

In Georgia, hickory shad made up approximately 6% of the
total shad harvest in 1968, while in 1979 the percentage de-
clined to 0.3% (Michaels, 1982), Higher prices paid for female
American shad caused the fishermen to select gill net mesh sizes
that are inefficient for hickory shad; therefore, the decline
in hickory shad harvest may be incidental to a shift in the
direction of effort. For this reason, the fluctuations and/or
trends in reported landings cannot be considered to reflect
the status of hickory shad stocks. In the absence of specific
survey data related to this species, the status of hickory shad
in Georgia must be considered to be undefined. Fisheries for
hickory shad in Georgia are almost entirely inland. Data col-
lected in 1982 revealed that 90.4% of the hickory shad landed
in the Altamaha River were taken in riverine waters, as opposed
to the majority of American shad being taken in coastal waters
{i.ea., sounds and ocean) {Michaels, 1982).

A directed fishery for hickory shad does not exist in
South Carolina; reported landings are taken as by-catch in
American shad fisheries. Because of the larce mesh sizes used
in those fisheries, and because the fishervy is timed to coincide
with the peak of American shad migration, major portions of
hickory shad runs may suffer no significant exploitation (Ulrich,
1982},

In North Caroclina, there is an early directed fishery for
hickory shad, wnich employs nets of smaller mesh size than those
used for American shad and thus of greater efficiency for harvest
of hickory shad. However, hickory shad are also harvested in
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the fishery directed at American shad in most of the major
drainage systems in the state. In the American shad fishery,
large females make up the majority of hickory shad landings.
Most of the harvest is taken in pound and gill nets, but the
species has also supported an extensive sport fishery. The
North Carolina sport fishery for hickory shad was characterized
by Marshall (1976) who reported very low stock levels at that
time. Landings of formerly extensive sports fisheries have
declined significantly in recent years (Johnson, 1982)., Re-
ported commercial landings of hickory shad in North Carolina
have been low but stable for the past several years.

As in North Carolina, a limited early fishery directed at
hickory shad occurs in Virginia. The emphasis on hickory shad
is in effect until American shad runs begin, at which time
there is a shift in direction of fishermen's effort. Gill nets
account for the majority of hickory shad taken in Virginia
(Atran et al., 1982}, Active sport fisheries occur in most of
the drainage systems having runs, generally in the freshwater
tidal areas. Harvests of hickory shad in Virginia declined
drastically in 1976 (Table III-1), and are currently stable
at a very low level,

Virtually nothing is known of hickory shad stocks in Mary-
land. Reported commercial landings have declined in recent
Years, but reporting was probably erratic in the earlier years.
For this reason, the magnitude and truye extent of a stock
decline cannot be assessed from the data. A major sport fishery
had occurred in the Upper Chesapeake Bay on Octorraro Creek, a
tributary of the Susquehanna River. This fishery declined pre—
cipitously in the mid-1970s and has never recovered. The evi-
dence that exists points to a very dramatic decline of hickory
shad in Maryland. The hickory shad fishery was clesed in 1980
and remains c¢closed.

C. MARKET FACTORS AFFECTING ZARVEST

Dockside value of hickory shad {price rer pound) bv year
Dy state is presented in Table III-2. The accuracy of the data
are placed in question, in part, as a result <f the mixing of
hickory and American sghad landings. The prices presented in
the table are those specifically for hickory snad; other prices
may be in effect when hickory shad are mixed with American shad.
The perceived value of hickory shad differs Darkedly from stace
Lo state. In South Carolina and Georgia in recent years, fcr
instance, roe hickory shad command nearly the same price as
roe American shad, while in North Carclina t-e value differs
2y a factor of four. These types of price differentials would
appear to be due to differences in the public and ccmmercial
perception of the species, as cpposed to any specific difference
in the quality of the fish. In addition, the smaller size of
hickory shad may contribute to a lower value. Indications
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Table III-2.

Hickory shad dockside value, by state (rounded
to dellars per pound); dashed lines denote no
catch reported; blanks denote no data acquired
(from NOAA Fishery Statistics of the United

States).

XEAR MD VA NC sC GA - fL
1950 0.07 0.0% 0.0% 0.10 0.14 0.04
1951 0.07 0.05 0.07 0.18 0.15 0.04
1952 0.06 0.0S 0.04 0,16  0.1S

1953 0.l0 0.0S 0.04 0.12 0.17 0.03
1954 0.07 0.0% 0.05 - - 0.03
1985 0.08 0.04 0.0 - 0.20 6.03
1956 0.06 0.06 0.06 0.15 0.11 0.04
19%7 0.04 0.04 0.06 0.06 0.08 9.05%
1958 0,02 0.04 0.06 0.04 0.08 0.03
1959 0.0% 0.0 0.06 0.02 0.08 -
1960 0.02 0.03 .05 0.01 0.08 -
1961 0.06 0.06 0.0% 0.06 9.02 -
1962 0.14 0.04 0.0S 0.04 0.02 -
1963 0.06 0.04 0.03 a.03 0.04 -
1964 0.07 9.05% 0.04 0.03 0.21 -
1965 0.08 0.03 0.04 - 0.09 -
1966 0.0S 9.05 0.03 - 0.14 -
1967 0.14 0.07 9.06 - 0.03 -
1968 0.03 0.07 0.04 - 2.09 -
1969 0.10 0.03 0.05 0.15 0.17 -
1370 0.49 0.08 0.0S 0.33 0.20 -
1371 Q.09 0.09 0.0% - 0.28 -
1972 9.07 0.08 0.06 0.33 0.50 -
1973 9.12 0.13 0.04 - 0.25 -
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Table III~2 (continued)

YEAR MD VA NC s¢’ Ga FL
1874 0.11 0.11 0.07 - 0.37 -
1975 0.13 0.26 0.06 0.35 0.36 -
1376 0.2% 0.30 0.11 - 0.42 -
1977 0.32 0.08 - 0.56 -
1378 0.24 0.44 0.18 - 0.64 -
1979 0.31 0.12 0.16 - 0.70 -
1980

1981 0.37
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from state fisheries personnel from all of the southern states
suggest that there is no directed market for hickory shad,
which are sold to the same customers who purchase American
shad. A market exists primarily because hickory shad runs
precede those of American shad. For this reason, the market
factors discussed as influencing American shad landings would
have a similar impact on landings of hickory shad.

D. LIFE BISTORY ASPECTS RELEVANT TO MANAGEMENT

General Life Historx Characterization

Very little is known of the general life history of the
hickory shad. The limited amount of detailed information
which is available has been developed through studies done in
North Carolina (e.g., Mansuetti, 1962; Pate, 1972; Street,
1970; Street, 1969; Street et al., 1975). Older reviews are
presented in Hildebrand and Schroeder (1928) and Bigelow and
Schroeder (1953}. Rulifson et al., (1982) reviewed much exist-
ing literatuyre, including much that is anecdortal.

The time of spawning for hickory shad is from March to May
in all the southern states, with runs beginning somewhat earlier
in the more southern states (Rulifson et al., 1982). Specific
locations of spawning areas are generally unknown, except in
North Carolina (Marshall, 1976). Spawning occurs in freshwater
in extensive segments of the river reach. Juvenile hickory
shad are seldom caught, and there is some suggestion that they
move downstream at an earlier age than other anadromous alosids.
It has been suggested that hickory shad juveniles use estuarine
waters as major nursery areas, as opposed to the other alosids
that use freshwater nurseries {Pate, 1372; Sholar, 1977).

Oceanic distribution and movement patterns are almost
entirely unknown. Lack of sufficient identification of hickory
shad in offshore harvests results in no hickory shad being re-
ported in the offshore fisheries. In North Carolina, hickory
shad were taken from November to March in a vear-round survey
program in coastal waters, but they were not taken at.other
times of the year (Holland and Yelverton, 1973). These data
suggest the possibility that hickory shad may move out of the
North Carclina area from the beginning of the spawning run
through the fall. Bigelow and Shroeder (1952) report occasional
large harvests of hickory shad in southern New England in summer
and fall. The occurrence of hickery shad in more northern
states despite the absence of spawning runs in those states
also suggests that hickory shad may undertake the same types
of migration as American shad. However, no csoncrete data are
available to document if this is in fact the case.
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Age of Maturity and Repeat Spawning

Table III-3 presents age distribution data for samples of
hickory shad taken from Florida to North Carolina. A wide age-
distribution is evident in all of the runs, with no distinct
differences in age of maturity between the sexes. Street et al.
(1975) reported that repeat spawners made up approximately 50%
of the total run of hickory shad in Albemarle Sound, while in
the Neuse River, Pate (1972) found as high as 76% repeat spawning
females. The only drainage system in which low repeat-spawning
of hickory shad has been reported is the Northeast Cape Fear
River, in which only 19% of the males and 9% of the females
were found to be repeat spawners (Sholar, 1977). Similarly low
values (15%) were found by Fischer (1980) in the same river.

In contrast, Street and Adams (1969) reported 70 to 80% repeat
spawners in the Altamaha River. 1In general, repeat spawning is
very prominent in runs of hickory shad, as is also suggested
by the common occurrence of fish between the ages of 6 and 8.

One caveat that must be considered in examining all hickory
shad age and repeat-spawning data is that hickory shad scales
are acknowledged by fisheries workers to be among the most
difficult alosid scales to read. This difficulty suggests
that some available age data may be of questicnable accuracy,
although the distinction between which data are Qquestionable
and which are not cannot be made. Another factor that must be
considered in examining age distribution data is that percentage
of individual year-classes in samples collected in any one year
is strongly influenced by the relative magnitude of that year-
class included in the sample. Thus, the most meaningful data
are those which aggregate data collected from runs occurring
over a pericd of years.

Cize at Age

Table III-4 presents size-at-age data for fish from Florida,
South Carolina, and North Carolina. As in the case of other
anadromous alosids, females tend to be larger than males. The
largest size groups (e.g., fish greater than 150 mm) are about
the size of the smallest American shad. This size group, wnich
is composed primarily of older female hickory shad, would be
the group most susceptible to harvest as by-catech in American
shad fisheries.

Mortality

Very limited data are availablg on mortality rates for
hickory shad. Two values reported in the literature were 82%
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total annual mortality in 1977 (Loesch et al., 1877) and, 47% in
1978 (Johnson, et al., 1978). These high values would appear

to be inconsistent with the high percentage of repeat spawners
reported in most hickory shad studies, The overwhelming evidence
that repeat spawners make up the majority of hickory shad runs
Suggest that these mortality values are of questionable validity.

In addition, escapement data also Suggest relatively low
fishing mortalities. Godwin (1968) reported hickory shad
escapement rates in the Altamaha River of 70.2% for females
and 87.1% for males.

4

Other Life History Aspects

All other aspects of the life history of hickory shad are
more poorly documented than those aspects just discussed. Any
management actions proposed for this species will therefore
have to be taken with a very limited bioclogical foundation.

E. MANAGEMENT AND RESTORATION

Because of the lack of detailed information on both
fisheries and life history of the species, no actions have been
Ltaken by any state directed specifically at hickory shad, except
in the case of Maryland, which has closed the hickory shad
fisheries. While there have been apparent drastic declines in
runs of hickory shad in a number of drainage systems in the
southern states, no restoration efforts have been initiated.

F. RELEVANCE AND POTENTIAL VALUE OF VARIOUS
MANAGEMENT ACTIONS

Relevant Aspects of Life Histerv and Fisherieg

Three major aspects of hickory shad ljize history are of
particular relevance for management of the species:

¢ Spawning runs are phased somewhat earlier than those
of American shad

® Larger roe hickory shad probably suZfer the greatest
= -y

fishing mortality of all segments of the hickory shad
population
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¢ A high percentage of repeat spawning of the species
Suggests that the populations may be dependent on rela-
tively low annual mortalities to remain viable; if this
were the case, excessive annual mortality could be
detrimental to population stability.

Assessment of the Potential Impact of Various Management Options

Management actions that result in a reduced harvest of
hickory shad would have greatest influence on the mortality
rates of large, older females. Because fecundity jg directly
related to body size in most Species, restrictions on commercial
harvests of hickory shad could substantially increase the

total fecundity of a run in any given year, if the run had

been exposed to significant fishing mortality in the pasrt,
HJowever, the result of increased run fecundity on sSubsequent
recruitment and run size is not known.

Water quality improvements, as was discussed in the case
of American shad, might improve the quality of spawning and
nursery habitat and/or pProvide additional suitable habirat for
the specias. dowever, no dramatic water quality changes have
Seen documented in any of the systems in which drastic declines
in hickory shad appear to have occurred (€.g., comparable to
the circumstances in the lower Delaware River). <Thus, the
role of water quality in influencing the dynamics of hickory
shad in the past two decades is undefined.

Restoration of hickory shad runs to drainage systems where
access had historically been restricted, would, as in the case
of American shad, contribute new fish to existing stocks.
Zowever, 3o little is known about hickory shad that ic is dif-
ficult to determine areas in which ryns may have previously
occurred and where they are now absent. Rulifson and Huish
(1982) 1list many streams in the South which are thought to have
nickory shad runs but their Status is not known. Another
factor that may limit the feasibility of restoration may te
the lack cf available stock for transplanting and a lack
cf knowledge of pProper handling procedures.

G. POTENTIAL EFFICACY QF REGULATORY CHANGES

Seasons
———

Because hickory shad runs precede those cf American shad,
Tegulating seasons for shad fisheries may te an effective means
of minimizing fishing mortality rates of large hickory rce shag.
acowever, as was discussed acove, the consequence of enhancing
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run fecundity by minimizing harvest of this particular popula-
tion segment is unclear.

Gill Net Mesh Sizes

Since hickory shad are taken primarily as by-catch in
American shad fisheries, mesh size regulations may have a
substantial effect on the fishing mortality rates for the
species. Restrictions on the mesh size that would eliminate
the use of smaller mesh nets would be certain to decrease
fishing mortality rates for hickory shad.

Gear €S

Except for restrictions on gill net mesh sizes, discussed
above, little could be done that would differentially affect
the harvest of hickory shad as opposed to American shad. This
is especially true since so little is known about hickory shad
migration patterns and habitat usage. If in fact it wera known
that hickory shad follow different migratory paths within the
drainage systems, limitations on specific types of gear, which
selectively fished different types of water, might be a means
of controlling the hickory shad harvest. )

Lift or Clcsed'Periods

The influence of lift or closed periods during hickory
shad runs would have the same impact on hickory shad as was
discussed for American shad. That is, the length of a 1lift
within any given period of time (i.e., days per week) would
result, on the average, in additional escapement propartional
to the relative length of the lift period. Additional escape-
ment would increase total run fecundity.

Catch Quotas and/or Restricted Entrv

The almost total lack of information on hickory shad
population dynamics, abundance, and general life history essen-
tially eliminates these management approaches as viable options.
The data and information bases needed to establish such restric-
tions do not exist. 1In addition, the mixing of hickory shad
with American shad landings, and the probable misidentification
of substantial portions of the total harvest make such a regula-
tory approach impractical and unenforceable.

II1-14



Martin Marietta Environmental Systems

H. DATA DEFICIENCIES

Very little is known of hickory shad runs throughout most
of their range. Hickory shad are taken incidental to fisheries
directed at other species, and even in the case of directed
fisheries, only portions of the run are fished intensively.

The limited knowledge of life history, in particular the estuya-
rine and coastal migration patterns, suggest that a first step
in alleviating data deficiencies should be to undertake life
history studies throughout the range of the species. Such
information would be vital for the design of studies which
would be dirscted at developing more management-apecific data
bases, such as:

¢ Juvenile abundance indices

® Population dynamics characteristics (i.e., mortalicty
rates by life stage)

¢ Characteristics of spawning, nursery, and foraging
habitat.

In addition, the mixing of hickory shad with American shad
harvests suggests that although valid caten and effort data
might be desirable, acquisition of such information is imprac-
tical. The complexity of the fisheries capturing hickory shad
suggests that use of catch-per-unit effort-cype indices for
tracking stock abundance may be impossible. This, in turn,
Juggests that stocks would have to be monitored using some type
of scientific survey approach.

{I1-15



iiI-1i6



Martin Marietts Environmental Systems

IV. RIVER HERRING: ALEWIFE (Alosa pseudoharenqus)

AND BLUEBACK BERRING (Alosa aestivalis)

A. BACKGROUND

The term "river herring,” which is applied to both alewife
and blueback herring throughout their range along the east
coast of the United States, is based on the anadromous nature
of both species. It is used generically because in commercial
harvest no distinction is made between the two species. As a
consequence, all available fisheries data consists of combined
harvests of the two species. Thus the use of commercial landings
data in assessing trends in abundance of both species requires
that they be considered together. 1In this report, trends in
stocks will be discussed in reference to both species together,
However, where information is available and appropriate, species-
specific material will be presented.

Range

The alewife is the more northern species of the two, being
found from Nova Scotia to South Carolina, with the center of
distribution skewed towards the northern states (Hildebrand
and Schroeder, 1928; Lleim and Scott, 1966). 3lueback herring
have a relatively cosmopolitan distribution along the east

cast, occurring from Nova Scotia in the north to Florida in

the south (Hildebrand and Schroeder, 1928; Leim and Scott, 1966).,
However, their center of distribution along the coast is def:i-
Titely to the south, and they represent the anadromous river
herring that occurs in the most southern states.

distorical Trends in Fisheries

Fisheries for river herring have changed dramatically cver
the last hundred years. 1In the 1800's and early 1%00's, river
herring were harvested and salted as food £isn, and extremely
large harvests were made (Bigelow and Schroeder, 1953). Since
that time, both the markets and the nature of gear used in
these fisheries have changed drastically. In recent years,
the major use of river herring has been for bait (for crabp,
lobster, and fish), pet food, and reduction %5 fish meal. Such
use varies by geographical region. Ffor example, in Maryland
nearly all river herring harvests have been used for crab
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bait, in Rhode Island nearly all is used for lobster bait, angd
in Virginia Substantial amounts are used for pet food,

Historical records of domestic landings of river herring
are presented in FPig. Iv-1 and Table Iv-1., 1In addition to
domestic landings, substantial offshore landings of river
herring were reported by foreign fisheries operating in coastal
waters during the late 1960's and early 1970's, The pattern of
offshore landings is indicated in Fig, rv-1, Offshore harvests
of river-herring declined in the mid-1970s concomitant with a
decline in the level of foreign fishing effort off the U.S. coast,
when the new 200~-mile Pishery Conservation ione was created in
the United states.

River herring landings declined abruptly in the beginning
of the 1970's. Recent total landings for the entire east coast

are the lowest in history. subsequent portions of this section
of the report will follow the format of the American shad

B. RECENT TRENDS IN LANDINGS ON A REGIONAL BASIS

Relevance of Landings pData to Stock Assessment

Pactors influencing the relationship of American shad com-
mercial landings to Stock size were discussed in section IT of
this report. Many of those same factors, as well as several .
others, influence that relationship in the case of river herrings.

® Abundance of the stock

¢ Amount of fishing effore (e.g., number of nets fished,
number of days fished)

® Influence of market factors en the fishing effore
(e.g., price pPer pound at any given time}

* Influence of envircnmencal conditions on effect:ive—
Ness of effore (e.g., weather conditions, river £low,
bottom topography through their effect on the catchapility
of fish by particular gears)

® Unreliability of catch Teports, particularly where har-
vests per individual may be relatively small;: in some
jtates, substantial river herring harvests are made by
individual unlicensed fishermen fishing with dip necs,
who have ng reporting requirement;: in cases where fign
are harvestad for use as bait by the fishermen actually
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using the bait (i.e., not involving established dealers

or middlemen), harvest reperting may be poor; in Virginia,
logbook records recorded for personnel at the Virginia
Institute of Marine Science frequently exceeded the totals
that eventually were recorded as harvest by the virginia
Marine Rescurces Commission (J. Loesch, personal communi-
cation).

¢ Unexplained reporting inconsistency up to 1950's; many
states having active river herring fisheries reported
no harvest during that period of time; thus for many
years in the long-term record, total east coast harvest
of river herring is not known.

River herring fisheries employ a wide variety of gear
types. Quantification of effort for many of these dgear types
is extremely difficult (e.g., dip net, nondirected gill net).
Furthermore, the normalization of the effort of units across
all gears is essentially impossible. For these reasons, the
use of catch-per~unit-effort (CPUE) as an index for stock
abundance along the entire east coast is not pessible, Even
within individual regions or states, the same factors may make
use of CPUE of questionable value.

The nature of the river herring fisheries has changed
dramatically over the last 50 years, Whereas in the early
1900's most river herrings were landed for human consumption,
only a very small proportion of current landings is used for
that purpose. Currently, the amount of fishing effort exerted
in river herring fisheries may be strongly influenced by logistics
and other factors independent of stock abundance. For example,
in fisheries where harvest is sold to dealers for reduction to
£ish meal, the existence of a single major dealer may determine
the existence of the fishery.

There are extensive recreational fisheries for river
nerring in many areas along the east cocast. While some are of
the hook and line type (i.e., in the Delaware River), many
Permit various types of dip nets and seines. The total quantitiss
of fish landed by these recreational netters for perscnal use
nay be quite large. All of these landings are unreported, andg
thus represent a large potential errsr in recorded river herring
harvests,

In Florida, official NoAA landings records record "alewivesg”
as being taken along the west (Gulf) coast in recant years
(i.e., since 1972). No river herring runs exisc on the west
ccast of Florida, and the landings recorded as alewives are
yndoubtedly misidentified.

Overall, river herring iandings data may not represent
Stock abundance very accurately. The data grobably are less

Iv-7
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reliable than American shad data but more reliable than hickory
shad data. The many factors influencing river herring reported
commercial landings may explain the large degree of variability
observed in data on a state-by-state basis (Table IV-1)

Regional Characterization of Fisheries Based on Landings
Data ' - .

River herring landings in New England are illustrated in
Fig. IV-2. The most distinctive characteristic of landings in
this region is the series of large landings occurring from the
mid-508 to the mid-60's, which can mostly be accounted for by
large reported landings in the state of Massachusetts. These
may be explained as being a response of menhaden purse seiners
switching to river herring as an alternative species when
menhaden stocks declined. Purse seine harvests in Massachusetts
are discussed later in the report. Landings in the state of
Maine, which are the major component of New England landings
at other times, have remained relatively stable at a high level
for the last two decades. Landings in the remaining states
have either declined dramatically (i.e., Rhode Island, New
Hampshire) or have remained stable at low levels (Connecticut).,

A\

In the middle Atlantic region, landings have been consis-
tently low over the last 40 years (Fig. IV-3). a single anoma-~
lous harvest of over 4 million pounds was reported by the State
of New York in 1966. This particular record appears to be
another case of menhaden fisheries exploiting river herring as
an alternative source, based on NOAA records of harvest by
gear. Although river herring appear to be abundant in the
middle Atlantic region, as will be discussed under individual
state discussions below, only limited fisheries exist for
them. )

River herring landings in the Chesapeake region (Fig. IV-4)
have fluctuated as much as 100%t over the last 40 to 50 years.
However, in the 1970s, they declined to historically low levels
and never rebounded. The decline was somewnat more marked in
Maryland than in Virginia, with respect to current magnitudes
of harvest. However, when viewed from the perspective of the
percentage decline from historical levels, Virginia stocks have
declined more. Recent harvests are the lowest ever reported
for either state, and are the primary reason that total current,
east coast landings are extremely low.

Landings in the south Atlantic region have fluctuated
widely in the past, and are strongly influenced by changes :in
effort in different years. Although recent landings are the
lowest ever reported, past landings also have been quite low
{Figure IV-5).
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C. CHARACTERIZATION OF FISHERIES ON A STATE-BY-STATE BASIS

Trend and Gear Usage and Fisheries Characteristics

In order to assess trends in the nature of river herring
fisheries on a state~by-state basis, NOAA data were compiled
for 1965, 1970, and 1976. The percentage of harvest by various
gear types by state over time are illustrated in Tables IV-2,
3, and 4. The types of dear used in river herring fisheries
differ substantially by region. Haul seines, dip nets, and
weirs predominate in New England, while gill nets, pound nets,
haul seines, and fyke nets predominate in the south,

Pound nets have been responsible for the majority of river
herring landings in all years, accounting for as high as 86% of
east coast landings in 1970. Weirs, used especially in Maine,
tock a large percentage (24%3) of the total catch in 1976. The
contribution of gear types other than pound nets and weirs to
overall landings has declined substantially over the last
decade. 1In effect, the nature of the fishery has become much
less diverse. Note the decreasing contribution of purse seine
fisheries in Massachusetts in 1965 and 1970 and their absence
in 197s6. . -

Current river herring fisheries on a state-by-state basis
are characterized in Table IV-5. As with the species already
discussed, these characterizations are meant only as generalized
descriptions and were developed from state overview documents.

Characterizations of Fisheries Trends bv State

River herring fisheries in Florida are located only on
tle St. Johns River. 1In the 1960's, blueback herring were
hnarvested by numerous haul seiners; at present, none are active
(R. Williams, pers. comm.)}. NOAA records indicate rhat most
of the recent harvest has been taken by gill net, but whether
the fish are taken as by-catch or in a directed fishery for
river herring is not clear. Because of the strong effect of
market factors on river herring fisheries, the data do not
reveal whether the decline in Florida landings is representaczive
only of stock declines or is affected to a major extent by
market factors. No additional data are available to provide
further insight to this question. River herring landed in
Florida in recent decades have been used primarily as crab and
catfish bait.

Georgia has never had a fishery for bluepack herring because
the types of gears normally used for this species (e.g., pound
nets, small mesh gill nets} are not legal in the drainage systems

IV--13
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Table IV-5,

Characterization of current (1980°'s) river

herring fisheries, by state, based on information
provided in state overview documents
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inhabited by river herring (Ulrich.et al., 1982). Although a
number of studies of population biology of river herring in
Georgia have been done (e.g., Street, 1969; Godwin and Adams,
1969), the data are insufficient for assessing stock abundance
or trends in stock abundance. The current status or recent
trends in abundance of Georgia's river herring stocks also
cannot be assessed.

South Carclina had no modern fishery for river herring
until 1965, when a haul seine fishery was established in the
Santee River. 1Its appearance resulted in a large increase in
reported river herring landings in the late 1960's (Table
Iv-1l). However, the magnitude of the landings declined rather
rapidly in the 5 to 10 years thereafter. Whether this decline
reflected a stock decline or a market effect is not established,
A sequence of poor year-classes may have contributed to the
decline. Recent landings (late 1970's) appear on the rise,
However, substantial data are not available to establish the
current status of stocks in most drainage systems.

North Carolina river herring landings declined substantially
(approximately SQ%) in the early 1970's, then remained stable
until an upswing in 1982 (Johnson, 1982). wWhile effort decreased
in 1978 and 1979 due to ice removing some pound nets (Johnson
et al., 1980}, effort between 1972 and 1978 appears to have
remained relatively constant. For this reason, the decline in
North Carolina landings probably reflects a considerable decline
in stocks in the early 70's. This premise is also supported by
CPUE data (Table IV-6). The current fishery is dominated by
pound nets, and most landings are used as baijt. .

Although Virginia .has consistently had the highest annual
landings of river herring of states along the east coast, they
began to decline dramatically in the late 196Q's, reached a
temporary plateau in the early 1970's, and then crashed to very
iow levels in the late 1970°'s. Loesch et al,, (1979) showed
that during this decline, the proportion of blueback herring
o alewife increased. These data suggest that the rate of
decline in alewife stocks exceeded the rate of decline in blue-
Sack herring. The decline in total harvests in the late 1960's
has been attributed to offshore overexploitation of river herr-
ing stocks by foreign fishing fleets (see Pig. 1IV-1l). Hurricane
Agnes, which passed through the region in 1972, is also belisved
to have affected spawning succsss in that Year as a result of
high flows preventing spawning in normal locations and causing
displacement of larvae and juveniles from optimal nursey areas.
The apparent stock declines suggested by landings data are also
reflected in declines in CPUE (Table IV-7). Virginia stocks
lave not rebounded from these major impacts to date. Current
landings in Virginia may also be influenced tv market changes.
The last fish processing plant which handled river herring in
Virginia closed in 1981 (Rriete, pers. comm.), which may have
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an impact on harvests in the future. The data in Tables Iv-8
to IV-ll indicate contributions of individual alewife and blue-
back year-classes to total river herring harvests for the
period 1968 to 1980 in the Rappahannock and Potomac Rivers.
These data illuystrate the dominance of a single -year-class
{1966) of blueback in the Potomac River in contributing to the
fishery, and show that year-class success may be extremely
variable from year-to-year, independent of the decline over
this period of time.

. B - > .
) The decline in Maryland river herring landings is of a
similar magnitude to that observed in Virginia throughout the
1970's; i.e., essentially one order of magnitude. The decline
in Maryland landings is evident in all statistical reporting
areas (i.e., drainage systems) in the state {Carter et al,,
1982), suggesting that the factors causing the decline are not
specific to a particular river system. Although landings in
Some years may have been influenced by declines in the number
of pound nets being fished, the change in effort is not suffi-
cient to explain the declines. &as in Virginia, alewife may
have declined to a greater extent than blueback herring (En-
vironmental Resources Management, 1980). Maryland stocks may
have been affected substantially by both Burricane Agnes (in
1972) and offshore harvests in the late 1960's and early 1970°'s.

In Delaware, river herring are taken as by-catch in fisher-

ies directed at other species (e.g., white perch)(Miller, 1982).
Landings have been low and variable for a aumber of years, and
probably are not indicative of stock abundance. Both blueback
herring and alewife may occur in nearly all accessible freshwater
Streams in the state. However, no data are available to assess
their status or recent trends in stock size.

A similar situation exists in New Jersey, where no directed
fisheries occur. All New Jersey landings are by-catech and do
not reflect actual abundance of stocks. There is a substantial
recreational hook and line fishery for river herring on the
Delaware River near Trenton, New Jersey. River .herring appear
to be very abundant in the Delaware River, and 133 river herring
runs in 63 different drainage systems of the state have bheen
documented (Zich, 1978). However, no specific quantitative datsz
are available to address current stock abundance or to define
recent trends in abundance.

Historically, river herring have supported a minor commer-
cial fishery in the Hudson River in New York. Commercial sale
of river herrings was prohibited from 1976 through 1981 due to
PCB pollution, but was permitted again in 1982, thus impacting
on the value of commercial landings as stock abundance index.
Observations by NYDEC suggest that river herring have increased
in abundance in the *"Albany Pool” region of the Hudson River in
recent years in response to significant improvements in water
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quality (Brandt, 1983). The observed increase in spawning range
and abundance of river herrings suggest that New York stocks are
increasing although hard supportive data are not available.

In Connecticut, river herring landings have remained rela-
tively stable over the last 20 years., Distribution of cacch
among river systems is not known, but the major contributor to
the blueback herring harvest probably is the Connecticut River.
Alewife runs occur.in the majority of the small streams along
the coast, but no data are available to assess current status
or recent trends in:abundance. The view of the state fisheries
agency is that stocks are relatively stable (Crecco, 1982).

A large decline in reported river herring harvests in
Rhode Island in 1970 resulted from closing a major haul seine
fishery at Gilbert Stuart Brook to accomodate the state's need
for fish to transplant to other drainage systems for restoration
purposes (Gibson, 1982). The substantial decline in harvest
that appears in the records after 1976 may have resulted from
a reduction in the state's transplanting program, together
with a reduction in efforts to provide access to currently
inaccessible habitats (Gibson, 1982). Many of the new runs
established in the early 1970's declined as a result of these
reduced efforts. Current data suggest that stocks in Rhode
Island are at very low levels but remain fairly stable. The
run at Gilbert Stuart Brook, which has been monitored for the
last four years, nearly <oubled between 1980 and 1982 to over
80,000 fish, but then declined to 68,000 in 1983.

River herring fisheries in Massachusetts are distinct
from fisheries in all the more southern states in that local
towns control the fisheries on most of the major drainage
systems. Landings in the past 20 years have fluctuated widely
from year-to-year (Table IV-=1), with 1980 harvests being the
lowest ever reported. Recordkeeping cy the towns or their
designated agents is very poor, and the meaning of the recorded
landings data is questionable (DiCarlo, 1982). While che NOAA
data suggest a substantial decline in the fishery in recent
years, state biologists believe that the stocks have remained
relatively stable based on field observations of runs. Recrea-

tional harvests by dip netters may be substantial and are also
unreported.

New Hampshire implemented new' landings records procedures
in 1982. A 114,000-pound harvest was recorded for that year,
which is dramatically higher than previous years. The very
low NOAA values for the previous years probably are extreme
underestimates and are not indicative of stock abundance. Re-
cent restoration efforts have been very successful in New Hamp-
shire, with creation of a run of aover 50,000 river herring on
the Lamprey River. <Thus, although data are not available for
rigorous documentation, New Hampshire stocks would appear to-be
increasing (Greenwood, 1982).
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River herring landings in Maine have remained remarkably
stable when contrasted to landings of other states. For the
past 30 years, harvests have fluctuated year-to-year by at most
a factor of 2, Although there was a great amount of fishway
construction in the 1970's, the new runs were not beljieved to
have substantially contributed to landings through 1976 (Walton,
Smith and Sampson, 1976).. These authors also noted that land-
ings, in most cases, were a -function of what the market will
buy rather than the available supply. = However, the harvests
on the major runs supporting Maine’s river herring fisheries
have been extrsmely high (as will be-discussed later in the
report), and at least for the last 10 years, market factors
have probably not had a major impact on reported landings. <The
absence of substantial declines in Maine river herring harvests
in the 1960's, when offshore foreign harvests were greatestc,
sSuggests that Maine stocks were not being exploited in those
fisheries. .

Juvenile Indices as Indicators of Abundance Trends

Extensive scientific studies of river herring have been
done in states where the species have supported important
fisheries, i.e., North Carolina, Virginia, Maine, Rhode Island,
and Maryland. 1In the remaining states, individuyal studies
have been done, but they tend to be of limited duration or
extent and thus of limited valuye for documenting status or
trends in stock abundance. .

Juvenile indices are available for several of the states, ,
Maryland's juvenile index data extend back to 1962. These cata,
Categorized by segment of the Chesapeake Bay, are presented in
Table IV-12. The data were collected in a consistent manner
at the same locations in the fall of each year. Since environ-
mental conditions such as river discharge may vary year-to-vyear,
resulting in shifts in the location of nursery areas and possibly
in the time patterns of migration, the value of these juvenile
indices as indicators of year-class abundance is probably ques-
tionable except in cases of extreme values. With these gualifi-
cations, the data can be used to examine some aspects of flucecu-
ations in populations of river herring.

Table IV-13 presents the results of a cocrrelation analysis
of alewife and blueback herring juvenile index data within
Tiver system as well as between river systems. The daca were
also analyzed to decermine if they supported the conclusion
that there were declining trends in year-class abundance over
the pericd of data collection. There was a Ffositive correla-
tion between alewife and blueback herring juvenile indices in
the Nanticoke and the Potomac Rivers, but no correlation with
data from the Choptank and the head of the Chesapeake Bay.
These resuylts are not definitive in establishing whether both
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Alewife and blueback herring juvenile index data for four segments of

the Maryland Chesapeake Bay (adapted from Carter, 1982)

Table 1V-12.

lead of Ray

Potamac River

(hoptank River
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engus

engus

engus

engus
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0.8
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1.4
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0.1
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0.4
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0.4

17.17

92.2

0.0
0.1

3.2
0.0
3.0

0.0
0.1

0.2
19.5

0.2

1.1

0.4

0.7

1982

20-yr

ma3an

10.9

59.03

5.6

30.3

1.5 1.7 1.7

21 .8
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Table IV-13. Results of analyses of Maryland river herring
Juvenile index data; data are presented in
Table 1V-12.

A. Similarity in pattern of annual relative abundance of each
species in the four river systems.

Blubback herring (Friedman's test) p < 0.005
(significant similarity among rivers)

Alewife (Friedman's test) p < 0.25
(no significant relationship)

B. Similarity in pattern of annual relative abundance of both
species within each river system (Spearman Rank Correla-
tion)

Nanticoke River p < 0.0S
(significant correlation)

Choptank River p > 0.05
{no correlation)

Potomac River p < 0.0S
(significant correlation)

Head of Bay p > 0.05
(no correlation)

C. Evidence of time trend in data

Nanticoke River
Blueback herring p < 0.01
Alewife p < 0.01

Choptank River
Blueback herring p > 0.25
Alewife p < G¢.0S

Potomac River
Blueback herring p > 0.50
Alewife p > 0.50

Head of Bay
Blueback herring p < 0.001
Alewife p > 0.25
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species are responding in a similar manner to whatever factors
may be determining year-class success. The second set of
analyses addressed the question of whether the relative year-
class success of each species was similar among four river
systems. For the blueback herring, there was a consistent
pattern of juvenile index abundance among the four river systems
for the time period of data collection. A similar consistent
pattern could not be statistically established with alewife.
However, as shown in Table IV-12, alewife were much less abundant
and the rather sparse data available may contribute to the ab-
sence of statistical significance. 1In the final analyses, the
question of whether declining trends could be detected with the
juvenile index was addressed. Declining trends in the index

for blueback herring were found in the Nanticoke and the head

of the bay, while declining trends for alewife were found in

the Nanticoke and the Choptank. For the other species-river
system combinations, no declining trend could be statistically
determined.

The failure of the juvenile index to demonstrate stock
deciines in view of the dramatic decline in landings suggests
inaccuracies in the data. However, the consistency in abund-
ance patterns for blueback herring among the four river systems
suggests that factors influencing yearclass success may be
operating on broad regicnal areas as opposed to localized
drainage systems.

Juvenile index data have been collected in Virginia for a
number of years (Table IV-14). However, the procedures used
in early surveys {1972-1977) may have yielded unrepresentative
estimates of juvenile abundance based on more recent assessments
of survey techniques (J. Loesch, pers. comm.). Sampling was
done on a very limited number of dates and in only a few loca-
tions and may have yielded inaccurate data. In addition, all
sampling was done during daytime, and day~-night differences in
catch efficiency have been found (Loesch et al, 1982). With
these caveats, some assessment can be made of the utility of
these data for examining fluctuations in stock abundance.

The data suggest a tendency for both species to respond in
2 similar manner in terms of annual abundance (e.g., 1973 and
1975 produced large indices in most cases). The relative mag-
nitude of indices for the Potomac River match reasonably well
with Maryland's data (Table IV-12). The large 1975 and 1977
year-classes appear in both state's data, as does the poor
1976 year-class. These similarities suggest that both sets
may be representative of juvenile abundance. However, as with
Maryland's data, no declining trends are evident and thus they
do not correspond well to landings data.

Juvenile index data are also available for river herring

in Albemarle Sound in North Carclina (Fig. IV-6). These data
also do not demonstrate declines. _However, since these year-
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Figure IV-6.

Catch-per-unit of effort for blueback herrin
and alewife year-classes 1974 through 1979 by
seine in Albemarle Sound, North Caroclina (1]
monthly stations)(from Johnson et al., 1980)
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Classes would have entered the fishery from 1978 through 1984,
they may accurately predict the current low-~level Stability of
stocks.

Juvenile river herring data were collected in the Hudson
River between 1968 and 1982 (Texas Instruments, Inc., 1977-1980).
tdowever, integration of the data from different stations and

None of the juvenile index data sets described above have
been rigorously verified through correlation with year-class
contribution to fisheries in subsequent years. Havey (1973)
did report a relationship between numbers of juveniles produced
and run size 4 years later for a run in Maine, but this was
based on a census of juveniles leaving a pond and not a sta-
tistical sampling of that population. Positive correlations
between indices and landings four years later of blueback
herring were reported for the Rappahannock and Potomac Rivers
by Loesch et al. (13979), but there is some question of the
validity of those data (Loesch, pers. comm.). The correlation
results and descriptive contrasts presented here suggest that
the indices may be of value for representing high and low year-
class extremes, while having limited utility for representing
more average year-classes,

v

D. COASTAL AND OFFSHORE HARVESTS

Foreign fishing fleets began to exploit offshore river
herring stocks in the late 1960's. Peak catch was in 1969, at
approximately 80 million pounds (Table IV-15). Catches declined
significantly after that date. Street and Davis (1976) concluded
that these offshore harvests contributed to overharvest and
caused stock declines, particularly in the Chesapeake Bay and
Soyuth Atlantic stocks. Street and Davis reported that the off-
shore harvests were composed primarily of fish less than 190
mm in length, which would suggest that they were primarily
sexually immature -individuals.

Since 1977, the foreign fishery for river herring in the
Fishery Conservation Zone (FCZ) of the United States has been
managed by the Preliminary Fishery Management Plan (PMP} for
the foreign trawl fisheries of the Northwest Atlantic { Boreman,
1982). Allocation of river herring between 1977 and 1980 was
1.1 million pounds annually with some additional allowable by-
catch. Since 1981, the allocation has been limited to 100
metric tons, and by-catch requlations have been changed. Cur-
rent allocations are presented in Table IV-16. wWhen a country's
annual allocation for any one species is reached, fishing by
that nation's vessels in that part of the FCZ in the northwest
Atlantic Ocean must cease and the fishing vessels must leave the
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Table IV-16. Allocations of river herring by country for
foreign fishing within the U.S. Fishery Con-
servation Zone, 1978-1983

({n oecric tons)

1978 1979 1980 1981 1982 1983

TALFF 500 500 500 100 | loc 100

ALLCCATIONS
Bulgaria — -— -_ 5 20 5
Cuba —_ - 25 5 - -
FRC — 12 50 _ — —_
GDR - 10 25 -_ - 25
Ireland -~ 10 - — —_ —_
Izaly 12 13 50 10 10 10
Japan 23 46 50 10 10 10
Mexico &4 &0 50 _— — e
Poland —_— 14 50 18 _ -—
Portugal —_— —— — 5 5 5
Romania 7 10 10 -_ -— -
Spain 52 57 75 10 10 10
USSR 279 197 _ _ — —-—

UNALLOCATED 83 3| 115 37 45 35

NOTES: River herring for purposes of foreign fishing is

defined as alewife, blueback herring, and hickory shad.
TALFF is total allowable level of foreign fishing.

SOURCE: Fisheries ‘of the United States, 1978-1983.
USDOC/NOAA/NMFS.
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fishing area (G. Mahoney, pers. comm.). Reported offshore land-
ings since 1978 have been consistently low (Table Iv-15). °

As was discussed in the case of American shad and hickory
shad, numerous problems may exist with the ICNAF/NAFO data which
serve to document offshore landings. Key among them is the prob-
lem with species identification. An additional problem with
total ICNAF landings results from inclusion of potentially inac-
curate NOAA inshore landings data. This problem can bhe avoided
by examining the ICNAF/NAFO data on a country-by-country basis,
since foreign fleets operate only in offshore waters.

Coastal fisheries for river herring are currently minimal
in magnitude. Nearly all major river herring harvests are made
within individual river Systems or at the mouths of those drain-
age systems.

The totals of current offshore and coastal harvests of
river herring are relatively insignificant. Even if current
foreign fishery allocations of river herring were taken each
year, those landings would comprise less than 2% of total har-
vest in any given year. However, these fisheries do focus on
immature, smaller fish, and a low percentage in terms of total
poundage can represent a larger percentage in terms of numbers
of individuals. Although the potential for problems with off-
shore fisheries exists, the problem appears minimal at present.

E. COASTAL MIGRATIONS

A knowledge of coastal migration patterns of river herring
is relevant to examination of hypotheses relating to factors
influencing mortality and stock trends. Such information is
also needed to assess the potential for interjurisdictional
conflicts in harvesting the species. Coastal migration must
be placed in perspective to the general life history patterns
of the two river herring species, summarized in Figs. I-4 and
I-s L]

Juvenile river herring generally emigrate from freshwater
Lo the ocean in the fall. However, in some instances, it appears
that high abundance of juveniles may trigger very early (e.q.,
summer) emigration of large numbers of small juveniles from che
nursery area (e.g., Richkus, 197%). Length of stzy of immature
fish in the ocean is generally four or five Years, dependent on
sex. There is some indication that alewives in northern states
may remain in inshore waters for one or two years (e.g., Walton,
1881). Spawning runs begin earliest in southern states { December
to January in Florida) and latest in the North (May te June in
Maine) (Tables IV=17 and [V-18). Homing of fish to their stream
of origin is a generally accepted premise, particularly based on
numerous successes in creating new runs through stocking of
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gravid adults in currently unoccupied sites, However, some
Bay, with a large estuarine area and numerous tributaries in
close proximity, considerable exchange of stocks among river
systems may occur (Loesch, pers., comm.).

Coastal Movement Patterns

Very little tagging study data are available for the two
species of river herring. There are several explanations for
this;

¢ Most fisheries for the species take large volumes of
fish, making detection of small tags unlikely

¢ These species are not of great economic value in many
states, limiting the amount of effort applied in studies.

As a result, tag return information is relatively anecdotal,.
Brian Jessup (Fisheries and Oceans Canada, pers. comm.) con-
ducted tagging studies in the Bay of Pundy area of Canada and
had two tags returned from North Carolina, There have been two
tag returns from a small experimental tagging of spent adult
river herring on the Orland River in the state of Maine conducted
in 1981 and 1982. Of 400 tagged in 1981 and 350 in 1982, one
return came from Massachusetts and cne from Virginia, both

from the 1982 tagging (T. Squiers, pers, comm.). Streec (197S)
reported that several river herring tagged in North Carolina
were taken in the foreign fishery offshore of that state during
the summer. These data, while extremely limited, indicate

that river herring undertake extensive oceanic migrations,

and may in fact carry out the same pattern of migration shown
by the American shad.

Neves (1981) described the offshore distribution of alewife
and blueback herring based on 10 years of NMFS research vessel
trawl survey data. In the spring (Figure IV-7), alewife distri-
butions extend further north than those of blueback herring
(Fig. IV-8), which is consistent with the more northern distri-
bution of that species. Summer distributions (Fig. IV=9) alsoc
Suggest a somewhat more northern center of distribution of
alewife. Data for winter and fall are more sparse and less
definitive (Figs. IV-9 and 1Vv-10). Alewives appear more widely
distributed than blueback herring (Figs. IV-7 and IV=-8). Neves
hypothesizes that river herring follow a coastal migration pat-
tern similar to that of American shad.

Milstein (1981) reported the occurrence of 1+ aged river
herring off of the coast of southern New Jersey in the winter,
In Maine, Walton et al., (1976) reported that 1+ fish use inshore
than in the case of American shad for extended cocastal movement,
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B et )
DEPRR o

Figure IV-7. [ocation of alewife catches during spring bottom trawl

surveys, 1368-78, Cape Hatteras NC, to Nova Scotia
{from Neves, 1981)
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Figure IV-8. (ocation of blueback herring catches du

bottom trawl surveys, 1968-78,
Nova Scotia (from Neves, l9gl)

ring spring
Cape Hatteras, NC, to
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Figure IV-9. Location of catches of alewife and blueback herring
during summer and winter bottom trawl surveyvs,

1363-78, Cape Hatteras, NC, to Nova Scotia (from
Neves, 1981)
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Figure IV-10. Location of catches of alewife and blueback herring
during fall bottom trawl surveys, 1963-78, Cape
Hatteras, NC, to Nova Scotia (£rom Neves, 1981)
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The offshore harvests by foreign fleets in the late 1960's
appeared to impact southern blueback herring stocks while hav-
ing little apparent effect on northern alewife stocks (see
Virginia and Maine discussions above). These findings suggest
that coastal river herring stocks do not mingle to the extent
that American shad stocks apparently do, at least during the
seasons during which foreign harvests were being made. Seasonal
changes in location of the foreign fleet during the period when
large offshore harvests were being made also suggest a general
northward movement of the stocks in Ssummer. The fleet would
begin operations off the North Carolina-virginia coasts in
spring and move northward to the Georges Banks area in late
summer (H. Johnson, pers. comm.). i

In summary, while no data are available to assess the
specific coastal migration patterns of individual stocks of
river herring from along the east coast of the U.S., the limit-
ed data are consistent with an assumption that river herring
exhibit a migratory pattern similar to that of American shad.
Potential for interjurisdictional conflicts exist where there
are active fisheries in coastal waters and the lower portions
of major estuaries.

F. MARKET PFACTORS INFLUENCING FISHERIES

In the early 1900's, river herring were prized as food
fish, primarily because they were amenable to salting for
shipment to major urban markets (Williams ‘et al. 1972). wWith
the advent of refrigeration, their use as food fish declined.
In more recent years, river herring have been used primarily
for bait, pet food, and reduction to £ish meal. All these
uses have relatively low dollar value and high volume.

Increases in dockside value of landings over the past 30
years appear to reflect the relative low desirability of river
herring. Price per pound has risen by only a factor of Eive
over this period, and current value remains very low (3 to 6
cents per pound)(Table IV-19),.

Seasonal changes in price do occur, but not with a regional
pattern as shown with American shad. NOAA data suggest that
early values are high in both Maine and North Carolina. How=
ever, the accuracy of the short-term (i.e., monthly) NOAA data
is poor. Maine landings are reported for the months of June
through October, despite the fact that virtvally all harvests
are taken in May (Squiers, pers. comm.). Seasonal changes in
price per pound would not be expected, since river herring land-~
ings are not shipped any extensive distance, but are ysed locally.

Because of the large-volume natuyre of commercial river
herring fisheries, landings may be significantly influenced by
the existence of a small number of major buyers or processing
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