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I. INTRODUCTION

The Atlantic States Marine Fisheries Commission's Fishery

Management
in October
objectives:

IT.

ITI.

Plan for American Shad and River Herrings was issued
1985. The plan (ASMFC 1985) specified four management

Regulate exploitation to achieve fishing mortality
rates sufficiently low to ensure survival and enhance-
ment of depressed stocks and the continued well-

being 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.

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:

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

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

e 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.g., cooling flow,
drinking water) effects (e.g., impingement and
entrainment mortalities, turbine mortalities) do
not affect alosid 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.



IV. Recommend and support research programs that will
produce data needed for 1) the development of
sclentifically rigorous management recommendations
relating to sustainable and acceptable yields, the
preservation of acceptable stock levels, and optimal
utilization of those stocks.

The plan presents 25 management recommendations, grouped
into nine categories : , ’

© Regulation of offshore harvests

® Regulation of territorial sea harvests

© Regulation of harvests in internal waters
© Water quality

© Flow requirements

©¢ Other habitat factors

®¢ Restoration of anadromous alosids

® Research needs

e Citizen participation.

Chapter VI of the plan discussed problems in implementa-
tion and actions which would have to be taken in order to
achieve the plans objectives. Among those actions was an
annual reexamination of status of stocks and fisheries and of
state of knowledge about these species, so that new information
and findings could be disseminated among fisheries managers,
research and information needs could be reprioritized and
. recommendations could be modified to reflect the new information.

Since the plan was issued, a variety of research programs
and studies dealing with anadromous alosids have been conducted.
In addition, ASMFC has supported the activities of an anadromous
alosid Stock Assessment Subcommittee, chaired by Dr. Victor
Crecco, Connecticut Marine Fisheries. The subcommittee conducted
analyses of historical data from many American shad spawning
runs along the east coast in order to establish the magnitude
of historical fishing mortality rates and to identify fishing
mortality rates that would be allow for preservation of the
stocks. In addition, the committee reviewed methodologies that
are best suited for collection of the types of data needed for
management of the alosid stocks.



In July 1987, an anadromous alosid research workshop was
held in Annapolis, Maryland, in conjunction with a meeting of
the ASMFC Shad and River Herring Scientific and Statistical
Committee. The workshop encompassed presentations by a number
of researchers working with anadromous alosids, and presenta-
tions by fisheries staff from each state on status of stocks
and fisheries. Based on this information, management recom-
mendations in the plan were reviewed, and several were modified.

Research priorities were also reexamined and revised in accordance
with new research findings.

This document is intended to summarize the presentations
at the workshop and document changes to recommendations and
research priorities. Because these changes represent a modifica-
tion to an approved management plan, they must be approved by’
the Shad and River Herring Management Board and the Commission.

Thnis document will then be considered an amendment to the
original plan.



II. RESEARCH FINDINGS

Research needs for anadromous alosids were examined at
great length in the management plan. Three listings of needs
were included, with the final and dominant listing being that
established by the Management Board (Table II-1). A significant
amount of research dealing with most of those priority needs
has been done since 1985. Findings relating to each of these
needs which were presented at the workshop are summarized
below. In many cases, more detailed presentations of the

findings and/or abstracts are included here as appendices, as
noted in the summaries below.

A. ORIGINS OF SHAD CAPTURED IN COASTAL FISHERIES
AND THE STATUS OF COASTAL FISHERIES

Concerns about origins of American shad being taken in
coastal fisheries have increased since the late 1970's, when
coastal harvests in South Carolina began to rise dramatically
(Richkus and Dinardo 1984). Shad harvested early in the season
have a high market value, so there is considerable economic
advantage to pursuing fish in the coastal waters, before they
enter traditional fishing grounds near spawning areas. Manage
ment agencies in more northern states were concerned that the
fish being taken in these coastal fisheries might be from
northern stocks. Further expansion of such fisheries could
pose a danger to stocks which were in a severely depressed
state (e.g., Maryland stocks) or were in initial stages of
restoration (e.g., Pawacatuck River in Rhode Island).

The management plan recommended (Recommendation 2.1) that
states closely monitor any coastal fisheries for American shad
which exist or become established. At the workshop, state
representatives were requested to give a report on the current
status of their coastal shad fisheries.

Georgia reported that no shad harvest occurs in their
coastal waters. South Carolina reported that shad taken in the
ocean accounted for 48% of statewide shad harvest in 1986;:; the
ocean fishery accounted for 50% of the roe shad harvest. North
Carolina indicated that the ocean fishery in the vicinity of
Cape Fear had increased, but the agency believes that those
harvests are missed in the current landings recording procedures.
The most dramatic increase in ocean shad fisheries has been in
the state of Virginia. Ocean harvests accounted for 60% of the
total state-wide landings in 1986, and 63% of state-wide landings
in 1987. These landings are coming from the Rudy Inlet (Virginia
Beach) area of the state.

II-1



Table II-1. 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 (from ASMFC
1985)

Determine the origins of shad being captured in fisheries
operating in territorial sea waters of South Carolira,
North Carolina, 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 a 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 construction). ’

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 development 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 1in
evaluating factors that influence year class success.

I1-2




Ocean landings in Maryland have remained fairly constant for 10
years. The number of ocean gillnetters was 8 in 1986 and 7 in
1987. Total landings by these fishermen were 127,000 pounds in
1986 and 116,000 pounds in 1987. The Delaware ocean harvest of
30,060 pounds in 1987 was about 10% of total state landings.

Ocean landings in New Jersey are difficult to distinguish
from Delaware Bay landings. The nature of the market drives
this fishery, which consists of directed drift gillnetting.

New York has seen a sharp increase in its ocean fishery since
1980, with those landings being between 30,000 and 130,000
pounds for New York alone (Table II-2). Most of New Jersey's
ocean landings are from the southern part of that state, while
most of those from New York are taken along eastern Long Island.

Ocean shad landings in Connecticut have remained fairly
constant at about 3% of total state landings, with the fishery
not changing in recent years. Rhode Island has seen an increase
in ocean landings since 1981, up to about 40,000 pounds per
year. However, that increase may be in part due to better
catch reporting. Most of the fish landed are sold for lobster
bait. Massachusetts ocean landings during the 1980s have been
about 30,000 pounds per year until 1986, when they increased to
60,000 pounds. There is a concern that some of these landings
may be from the Merrimark River run, which is in the midst of a
restoration effort; however, there is no means of determining
if this concern is valid. Maine reported no directed ocean
fishery, but ocean landings of shad taken as bycatch were:
68,000 and 23,000 pounds in 1985 and 1986, respectively.

Through 1988, the only program conducted to investigate
the origin of shad being taken in coastal fisheries has been
the ocean tagging program conducted by the state of South
Carolina. The program and findings from 1986 and 1987 are
described in Appendix A. In 1986, 489 fish were captured and
tagged in ocean waters near the mouth of Winyah Bay, South
Carolina. Of those fish, 120 (24.5%) were recaptured. The
majority of returns (68.3%) came from the river systems in
close proximity to the tagging site. Georgia rivers accounted
for another 10.9% of the returns, while only 2 fish (0.4%) were
returned from northern states. In 1987, only 125 fish were
tagged. Of the 38 returns (30%); 66% were from adjacent river
systems and the rest were from other South Carolina or Georgia
rivers. None came from more northern states.

The relatively small numbers of fish tagged thus far in
this study reflects the logistical difficulties in conducting a
program of this type. The results to date do suggest that the
majority of fish being taken in South Carolina's coastal fisheries
are from South Carolina and Georgia stocks and thus pose no
threat to more northern stocks which are being restored or are
currently at depressed levels. However, the expanding fisheries
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in more northern states, such as North Carolina and Virginia,
may well be exploiting stocks from Chesapeake Bay tributaries,
and could thus pose a threat to restoration of stocks such as
those in Maryland tributaries and in the Susquehanna River.

For this reason, continued study of the origin of shad taken in
coastal fisheries remains a high priority research area.

B. ESTIMATION OF ANNUAL EXPLOITATION RATES OF ANADROMOUS
ALOSID STOCKS IN EACH STATE

During development of the management plan, it became
evident that fishing mortality rates for most of the anadromous
alosid stocks along the east coast were unknown. The absence
of knowledge of exploitation rates made it difficult to investi-
gate factors responsible for stock declines, the population
dynamics characteristics of the stocks and desireable management
regimes for all the species. It also became evident that most
of the states did not have ongoing programs which would permit
estimation of current exploitation rates. For these reasons,
an anadromous alosid Stock Assessment Subcommittee was established
to: prepare a summary of methodologies appropriate for estima-
tion of fishing mortality rates; and, analyse historical data
to determine historical exploitation rates and identify exploita-

tion rates which could be sustained by a stock at historical
abundance levels.

A report from the committee entitled, "Methods of Estimating
Fishing Mortality Rates on American Shad Stocks," is incorporated
here as Appendix B. This report identifies procedures which can
be followed by individual state agencies in order to establish
current exploitation rates of all their alosid stocks.

A second report from the committee entitled, "Historical
Exploitation Rates of East Coast American Shad Stocks," is
presented here as Appendix C. This report presents the results
of analysis of data from eleven river systems along the east
coast: Connecticut, Hudson, Delaware, Susquehanna, James,

York, Rappahannock, Edisto, Savannah, Waccamaw, Altamaha, and

St. Johns. Estimates of sustainable exploitation rates were on
the order of 40-50% annual. Results from these analyses provided
the basis for a reassessment of recommended exploitation rates

presented in the management plan, as is discussed later in this
report.
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C. LONG-TERM MARKING AND/OR STOCK DESCRIMINATION

Participants in the workshop did not identify any recent
programs intended to develop long term marks of alosids from
specific stocks or to discriminate between fish from different
stocks or geographical regions.

Short-term marking of hatchery reared juvenile shad through
use of oxytetracycline, which leaves marks on otoliths which
can be distinguished for a period of several months, is being
used in the Susquehanna River shad restoration effort. However,
it is not yet certain if these marks are retained during the
period of time when immature fish remain at sea (R. St. Pierre,
personal communication). Whether they will permit identifica-
tion of hatchery fish at sea or when they return to the river
to spawn will be examined in the near future.

No research into long-term marking or alosid stock descrimina-
tion is currently planned by any of the state or federal agencies.

D. HYDROELECTRIC TURBINE MORTALITY

A limited number of turbine mortality studies have been
done in recent years. On the Susquehanna River, Safe Harbor
Water Power Corporation, Conestoga, Pa., has funded juvenile
shad turbine mortality studies each year since 1986. Logistical
problems have to date precluded collection of sufficient data
to estimate turbine mortality rates . However, the data have
been sufficient to design new studies which it is hoped will
generate the necessary data (R. St. Pierre, USFWS). Additional
work is continuing on the effectiveness of spills to pass
juvenile shad downstream without their passage through turbines.

Mortality of radio-tagged adult shad due to turbine passage
~has been assessed incidental to studies of movements of trans-
planted adult shad in the Susquehanna (SRAFRC, 1988). The

estimate of mortality based on data collected in 1987 was 29%,
but the data were very limited.

Extensive studies have been conducted for many years at
Connecticut River hydroelectric facilities of mortality of both
adult and juvenile shad due to turbine passage (e.g., Kynard
et al., 1988). However, no new publications on this work have
been produced in the past several years.

Turbine mortality is also of major concern with regard to
tidal hydroelectric power generation facilities proposed for
various portions of the Bay of Fundy in Canada. An abstract
of the presentation made at the workshop by Dr. M. J. Dadswell

II-7



concerning studies of mortality at a pilot tidal hydropower
facility in Canada is presented in Appendix D. Such facilities
are of concern because east coast stocks of anadromous alosids
summer in the Bay of Fundy, and any significant mortality due
to passage through turbines could have a drastic deleterious
impact on all east coast stocks. Observed mortality rate of
adult shad which passed through the tidal turbines was 46.3%,
with wide variability. Clearly such turbine passage poses a
threat to the well-being of United States shad stocks.

E. HICKORY SHAD LIFE HISTORY STUDIES

None of the states reported any specific programs initiated
to gain more information about the life history of hickory shad
stocks. It appears that hickory shad are a low priority species

within all of the states in which it occurs. It is unlikely
that any of the agencies will initiate needed studies in the
near future. This finding serves as a basis for a new manage-

ment recommendation, presented later in this document, that
ASMFC and its member agencies encourage hickory shad research
be undertaken by graduate students seeking advanced degrees
and/or by university researchers.

F. ESTABLISH JUVENILE ALOSID ABUNDANCE SURVEYS

Juvenile shad abundance surveys are conducted annually in
the Kennebec/Androscogin Rivers, Connecticut River, Hudson
River, Delaware River, upper Chesapeake Bay, 1lower Chesapeake
Bay, and Altamaha River, Georgia. Juvenile river herring are
also taken in these surveys, and all the anadromous alosids are
regularly taken in juvenile surveys for other species, such as
striped bass.

While much data on juvenle alosid abundance in the various
river systems exists and catch-per-unit-effort indices are
regularly calculated, most of the time series of indices have
not been validated against relative abundance of adults in
subsequent spawning runs and none have been validated to the
same extent as have been striped bass indices. On the Hudson
River, in particular, a long term data set exists on juvenile
abundance, but an accurate index of yearclass strength from
these data has only recently been finalized (R. Brandt, NYDEC).

Since the ASMFC management plan was issued in 1985, Maryland
has expanded their juvenile alosid survey to include seven

spawning rivers in Maryland: Susquehanna, Northeast, Chester,
Choptank, Nanticoke, Pocomoke, and Patuxent (D. Weinrich, Md.
Tidewater Administration, pers. comm.). These surveys include

I1-8



the use of electroshocking and trawls. No other states have
modified ongoing juvenile surveys or initiated new juvenile
survey programs.

No states are currently using juvenile relative abundance
indices as key elements of management programs. Such a step is
unlikely to occur before indices can be validated and specific
management objectives within a state specified.

I1-9



III. ADDITIONAL ALOSID RESEARCH FINDINGS

Many research and monitoring programs dealing with anadro-
nous alosids have been conducted and remain ongoing which do
not deal with the six research priorities specified in the
management plan. Presentations Dby a number of researchers were
made at the July 1987 workshop covering several of these pro-
grams, and abstracts of those presentations are presented here
in Appendix D. Also reviewed at the workshop were the programs
being conducted by the state agencies. Reports from several of
the state agencies on these activities are also included in
Appendix D. Highlights of these presentations are presented
here, with the specific relevant section of Appendix D indicated.

A, BAY OF FUNDY AMERICAN SHAD RESEARCH (APPENDIX D-1)

Dr. M.J. Dadswell carried out a shad tagging program in
the Bay of Fundy from 1979 to 1985, during which time a total
of 31,550 shad were marked. Of the 1,100 tags returned thusfar,
70% have been from all sections of the east coast of the United
States. These studies have shown that all stocks of American
shad summer in the Bay of Fundy, and Dadswell is currently
analysing the data to establish mortality rates for immature
and mature shad. Dadswell's tidal turbine mortality rates were
addressed earlier.

B. RESTORATION OF AMERICAN SHAD TO THE SUSQUEHANNA RIVER
(APPENDIX D-2)

Mr. Richard St. Pierre is USFWS Fisheries Coordinator for
the Susquehanna River and oversees the ongoing shad restoration
program for that river. The restoration effort includes upstream
transplants of gravid adults, hatchery rearing of fry and
juveniles, studies of upstream and downstream migration, and
studies of turbine mortality. A total of 5,200 and 7,667 shad
were captured at the Conowingo Dam in 1986 and 1987, respectively,

up dramatically from the annual total catch of 127 fish per
year in the 1970s.
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C. HARVEST OF RIVER HERRING IN THE FCZ (APPENDICES D-3 AND D-4)

The declines in river herring stocks observed in the mid-
1970s has been attributed in large part to excessive harvest by
foreign fishing fleets operating in the FCZ (Richkus and DiNardo
1984).

Concerns remain that any harvest of river herring in
fisheries taking place in the FCZ may hinder recovery of depressed
stocks in the Chesapeake Bay and further south. Thus, offshore
harvests are being closely monitored.

Mr. Gary Shepherd, NMFS, summarized river herring by-catch
in mackerel fisheries from 1983 to 1986. The total river
herring by-catch amounted to less than 0.5% of the total mackerel
catch and the majority of fish taken were mature adults.

Mr. George LaPointe, ASMFC, subsequently provided more
recent information on the FCZ mackerel fisheries and herring
bycatch restrictions. Included in this material (Appendix D-4)
is correspondence relating to an accidental large haul of river
herring made by a Dutch vessel. The correspondence shows the
sensitivity which the foreign fleets have to restrictions on
river herring harvest and also the difficulties encountered in
attempting to completely avoid harvest of river herring.

D. ACID DEPOSITION EFFECTS ON ANADROMOUS ALOSIDS (APPENDIX D-5)

Dr. Ronald Klauda, Johns Hopkins University, has been
conducting research on the effects which acid deposition may
have on the reproductive success of anadromous alosids, in
particular blueback herring. He has found that blueback herring
are very sensitive to low pH levels and elevated aluminum
concentrations. Acid pulses of 5.5-5.6 resulted in 25 to 50%
mortality, and 70 to 100% mortality when combined with aluminum
concentrations of 60-100 ppm. Field studies were inconclusive
due to the absence of rain events. It appears that acid deposi-

tion may have played a role in the decline of anadromous alosids
in Maryland. ’ '

E. OCEAN MIGRATION OF ALEWIFE AND BLUEBACK HERRING
(APPENDIX D-6)

Dr. Roger Rulifson, East Carolina University, has been
conducting biological studies and tagging of alewife and blue-
back herring in the Bay of Fundy in conjunction with the work
being done by Dr. Dadswell. He has found that the blueback
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IV. REVISIONS OF RESEARCH PRIORITIES

The July workshop provided an opportunity for the Scientific
and Statistical Committee to review progress which had been
made in advancing the state of knowledge about anadromous
alosid biology and fisheries. The presentations made at the
meeting and the discussion which took place about other research
projects permitted a reassessment of the research priorities
identified in 1985 when the management plan was issued. This
new listing of research priorities (Table IV-1) also reflects
what the S&S Committee views as important information needs for
management of anadromous alosid stocks at the present time.

A. ANNUAL EXPLOITATION RATES

A key ingredient in establishing effective management
regimes for any fishery is a knowledge of the magnitude of
current fishing mortality on the target species. Discussions
at the workshop revealed that there remains a paucity of informa-
tion on what the current exploitation rates are of most of the
individual river stocks of American shad and almost all of the
river herring stocks. Thus, the highest priority was assigned
to this most critical information need.

B. STOCK IDENTIFICATION PROCEDURES

The expansion of ocean fisheries for American Shad (see
Chapter II) in a number of the coastal states has continued to
be of concern to those states in which stocks are currently
depressed and might be adversely affected by these fisheries.
Similar concerns exist with regard to harvest of river herring
in the FCZ (see Appendices D-8d,e). The ability to identify
the origin of fish being taken in these ocean fisheries would
help determine if there really is cause for concern about these
fisheries, and, if so, permit management strategies to be
developed to alleviate those concerns.

C. VLIFE CYCLE RESEARCH

The importance of life cycle research has been evidenced
by the progress which has been made in understanding the biology
of American shad in the Connecticut River (e.g., Crecco and
Savoy, 1984) and in managing that shad stock. The modeling work
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Table IV-1. Anadromous alosid research priorities (revised)

o Determine annual exploitation rates on a regular basis for
all major exploited stocks

e Develop or employ stock identification procedures (e.qg.,
tissue analyses, tagging) to permit detection of specific
river stocks in mixed-stock, intercept fisheries

e Implement life-cycle process-oriented research to allow a
determination of anthropogenic impacts on early life
history survival

e Monitor basic stock status annually (e.g., age structure
of spawning stock, juvenile production)

o Improve records of catch and effort

o Study the effects of introduction of anadromous river
herring on pond ecosystems (phytoplankton, zooplankton,
other fish species) (focus of controversy over river
herring restoration in Maine)

e Encourage university thesis research on hickory shad (lack
of importance of the species makes implementation of
agency programs unlikely).
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done on that stock was only possible with the detailed life
history information developed over many years of intensive

study. The Connecticut remains the only stock for which such
complete information is available, and it is unclear as to how
transferable that information is to stocks in other systems.

It is unlikely that southern stocks, in particular, have identi-
cal life cycle parameters. A long-term committment to conducting
life cycle research on anadromous alosids in key river systems
along the East coast would contribute substantially to effective
management of these resources.

D. STOCK STATUS MONITORING

Effective management of anadromous alosid stocks requires
very basic information, such as reproductive success and relative
abundance of spawning stocks. Such information is not being
collected on most spawning rivers. Compilation of such informa-
tion on a regular basis for key rivers in each state would
contribute substantially to effective management.

E. IMPROVE CATCH AND EFFORT DATA

Accurate and timely information on catch and’'effort is
important in controlling exploitation and carrying out various
types of modeling in order to identify appropriate management
strategies. Information on recreational catch and effort is
extremely limited for most alosid stocks, and commercial catch
and effort data remain suspect in many states due to possible
underreporting, inaccurate record keeping and idiosyncracies in
the fisheries or in the manner in which information is reported
that make the data unusable (e.g., reporting the amount of gill
net licensed rather than the amount fished; the sale of fish
off of truck tailgates with no formal records of the sales).

Improvement of such records remains an important management
requirement.

F. EFFECTS OF RIVER HERRING ON POND ECOSYSTEMS

This research need was identified by the state of Maine as
a result of public controversies which have arisen in response
to andromous alosid restoration programs. The concerns are
that when herring are introduced into a pond, they will crop
zooplankton to the extent that phytoplankton blooms will occur,
resulting in degradation in water quality. An additional con-
cern is that the juvenile alosids will compete with resident
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species for forage, thus impacting those resident stocks. Little
specific information exists at the present time which could be
used to addresss these concerns.

G. RESEARCH ON HICKORY SHAD

As was discussed earlier, no state has initiated a program
specifically targeting hickory shad since the management plan
was 1ssued in 1985. In discussions at the workshop, 1t was
evident that the hickory shad remains a low priority species in
the states in which it occurs. It was also apparent that none
of the states would be initiating any new hickory shad programs
in the near future. However, it was also clear that the hickory
shad would be an excellent species for study by students seeking
graduate degrees. Little is known about the species, and even
very basic life-history studies would contribute substantially
to the extent of our knowledge. It was concluded that all
agencies should encourage university research on this species
throughout its range.
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Table V-1. Recommended maximum annual exploitation rates
(revised)

Stock and Status Rate States or Rivers

American shad

Severely depleted 0% Maryland, Ogechee River (Georgia),
Rhode Island

Depleted or newly 25% Virginia, Florida
established

Rebuilding, partially 40-45% Connecticut, Delaware and Hudson
restored, at least Rivers, Georgia (except Ogechee),
minimal acceptable South Carolina, North Carolina
level

Blueback herring/Alewife

Severely depleted 0% Maryland

Depleted or newly 25% Delaware River, Florida, Virginia,
established several rivers in Maine

Rebuilding, partially 60% South Carolina, North Carolina,
restored, at least Connecticut River, Hudson River,
minimal acceptable ' Rhode Island, Massachusetts,
levels New Hampshire, some rivers

in Maine, New Jersey, Georgia
Hickory shad
Severely depleted 0% Maryland

Depleted 25% North Carolina, South Carolina,
Georgia, Florida, Virginia




Recommendation 3.2 - No change, but documentation of current
fishing mortality rates can be facilitated by following metho-

dology guidelines prepared by the Stock Assessment Subcommittee
(Appendix B).

Recommendation 3.3 - 1o change
D. WATER QUALITY

Recommendation 4.1 - No change. Guidelines for water
quality standards were presented in Table V-3 of the original
plan. Maryland subsequently developed new water quality guide-
lines for the protection of anadromous fish, which are included
in this document (Appendix D-8h), and which may serve as a
model for use by other states.

Recommendation 4.2 - No change. Results of ongoing studies
dealing with the effects of acid deposition on anadromous
alosids were presented at the July workshop and are summarized
in Appendix D-5. The existing information suggests that acid

deposition may have a deleterious impact on the anadromous
alosids.

E. FLOW REQUIREMENTS

Recommendation 5.1 - ©No change

Recommendation 5.2 - A sentence was added to the recommenda-
tion, so that it now reads, "In reviewing proposed projects
that will affect flow regimes, EVERY EFFORT WILL BE MADE TO
AVOID ANY DEWATERING OF RIVERINE HABITAT, AND CONTINUOUS FLOWS
AND FACILITY OPERATIONS WILL BE SELECTED WHICH will not adversely
affect anadromous fish. ....."

F. OTHER HABITAT FACTORS
Recommendations 6.1 and 6.2 - No change
G. RESTORATION OF ANADROMOUS ALOSIDS

Recommendation 7.1 - No change



Recommendation 7.2 - Mo change. States which have
established restoration plans to date include New Hampshire,
Massachusetts, New York, Pennsylvania, New Jersey, Delaware,
Maine, Maryland and Virginia. Restoration of American shad
into the upper portions of the Connecticut River is contlnulng.
Several plans are described in state reports included in
Appendix D.

Recommendation 7.3 - No change

Recommendation 7.4 - No change However, several states
appear to still have difficulty in obtaining shad from the
Holyoke 1ift on the Connecticut River which are needed to
support their own restoration activities. It appears that the
agencies respon51ble for management of that facility should be-
more responsive to the needs of other states.

Recommendation 7.5 - A sentence was added to the end of the
recommendation which reads, "THESE SAME CONCERNS SHOULD BE
ADDRESSED FOR ANY WATER DIVERSION PROJECTS, SINCE SUCH PROJECTS

COULD RESULT IN REMOVAL AND MORTALITY OF DOWNSTREAM MIGRATING
ALOSIDS."

Recommendation 7.6 - The first sentence of the recommenda-
tion was changed to read, "All resource agencies shall oppose
any new hydroelectric OR WATER DIVERSION projects proposed for

drainage systems currently supporting or with potential for
supporting anadromous alosid runs ....

H. RESEARCH NEEDS

Recommendation 8.1 - No change

Recommendation 8.2 - A new priority listing of research
needs was presented earlier in Table IV-1.

Recommendation 8.3 - No change

Recommendation 8.4 - A new priority listing of research
needs was presented earlier in Table IV-1l.

Recommendation 8.5 - The first sentence of the recommenda-
tion is changed to read, "NMFS WILL UNDERTAKE the compilation
and analysis of all data on offshore river herring distribution
and harvest ....."

I. CITIZEN PARTICIPATION

Recommendation 9.1 - No change




J. REVISED MANAGEMENT RECOMMENDATIONS

Regulation 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 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).

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 C of
this plan. These data will be evaluated and analyzed to arrive
at the recommendations mentioned above.

Regulation 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 participation, 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 consid-
eration of revision of existing recommendations in this plan.
An interstate cooperative coastal shad tagging program will
be conducted to determine which stocks are being exploited
(see Recommendation 8.3).
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Water Quality

Recommendation 4.1

Resource management agencies in each state shall evaluate
their respective state water quality standards and criteria 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 taken 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
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 para-
meters 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 agen01es 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 deleterious 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.

Flow Requirements

Recommendation 5.1

State resource management agencies shall identify or
establish protocols that ensure that they have the opportunity
to evaluate projects that may affect the flow of streams and
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Mid-Atlantic Fishery Management Council for implementation of
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An interstate cooperative coastal shad tagging program will
be conducted to determine which stocks are being exploited
(see Recommendation 8.3).
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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 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. 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.

Requlation of Harvests in Internal Water

Recommendation 3.1

Individual states will consider implementing fisheries
management actions that would ensure that total exploitation
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 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.

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 periods.
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Water Quality

Recommendation 4.1

Resource management agencies in each state shall evaluate
thelr respective state water quality standards and criteria to
ensure that those standards and criteria account for the special
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most states. Steps should be taken 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
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Waters of existing or potential value as alosid spawning/nursery
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alosid habitat requirements, but consistent with the management
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and/or mitigation measures.
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State resource management agencies shall identify or
establish protocols that ensure that they have the opportunity
to evaluate projects that may affect the flow of streams and
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rivers supporting or having the potential for supporting runs

of anadromous alosids. State resource management agenciles

shall determine which state agency Serves as the primary contact
with the Federal Energy Regulatory Commission (FERC), since

all applications relating to hydroelectric development are
processed by the FERC.

Recommendation 5.2

In reviewing proposed projects that will affect flow
regimes, agencies will make every effort to avoid any dewatering
of riverine habitat and to ensure that continuous flows and
facility operations will be selected which 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 USFEWS Instream
Flow Group in developing flow recommendations.

Other Habitat Factors

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



Restoration of Anadromous Alosids

Recommendation 7.1

All agency personnel participating in anadromous alosid
restoration programs should be alert for indications of disease
or parasitss. 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
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 for anadromous alosid restoration 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 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
use material from these submittals to prepare an annual summary
of coastwide 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 enhancement
of federal programs providing funds for the restoration of
anadromous fish. Such programs include the Anadromous 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 restoration of anadromous alosids; possibilities include
special licenses or stamps.



Recommendation 7.4

All state and federal agencies shall cooperate to 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 Interstate Fisheries Management
Program Policy 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 information on turbine mortality and
methods for passing anadromous alosides downstream may lead to
new and successful methods for alleviating this problem. These
same concerns should be addressed for any water diversion
projects, since such projects could result in removal and
mortality of downstream migrating alosids.

Recommendation 7.6

All resource agencies shall oppose any new hydroelectric
or water diversion 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 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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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 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 amended plan (see Table IV-1 of this document).

Recommendation 8.3

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 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
interpretation 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 V-13.



Recommendation 8.5

NMFS will 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 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
plan.
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Table V-2, Suggested guidelines for studies tc assess
exploitation rates of anadromous alosids(a)

Basic study type °
Timing ®

@
Location _ ®
Target sex d

Tag type and tag ®
return program :

(a)These guidelines are to some

Tag ard recapture

Tagging to start rear the
beginning of the spawning
run, and continue through
the run; tagging should
stop before water tempera-
tures reach levels at which
handling mortality beccmes

"significant

Reacticon 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
exploitation

Focus on females if funding
constrains the scope of the
program

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

Multilevel reward (S5, $10,
$25) plus incentives (e.g.,
lottery)

Occasional canrvass of fisher-

men, fish houses, anrnd whole-
salers

extent based on studies

currently being dore 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
of fisheries in individual drainage systems.




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 pcrtion of the run

Hock 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 adeqguate
sampling of all age groups.)
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Table V-14. Proposed guidelires for the design cf a tagging
study to determire which American shad stocks
are being explcoited in territorial and offshcre

sea fisheries

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 hcme
stream origin of shad
stocks being exploited in
territorial sea ard
Delaware Bay fisheries

January through april;
focus within each state
on the time period in
which landings are
greatest

Floy streamer or internal
anchor tag

Multilevel reward (SsS,
$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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ABSTRACT

A PILOT TAGGING PROJECT TO IDENTIFY STOCKS OF AMERICAN SHAD TAKEN IN NEAR
SHORE OCEAN FISHERIES.

ULRICH, Glenn F., McCORD, John W., JENKINS, Nan C., S.C. Wildlife

and Marine Resources Department, Charleston, South Carolina 29412.
Increased fishing effort on American shad outside their natal streams by
coastal gill net fishermen has become a concern of scientists developing
a regional shad management plan. Their concern was that these ocean
fisheries were intercepting spawning stocks of American shad en route
to rivers over a wide geographic range. The identification of the stocks
taken by coastal fishermen: is a necessity for assessing their impacts on
regional in-stream management and restoration activities.

This project was initiated in January 1986 to develop approaches to
answering the stock identity questions raised by ocean fisheries. Tagging
operations were centered near the mouth of Winyah Bay, South Carolina, an
important ocean fishing area in the Southeast region. Shad were caught
with 5 1/2 inch stretched mesh gill nets in an area closed to commercial
fishing to avoid immediate recaptures. Floy FT-1 dart tags were applied
to the fish which were then moved approximately 1/2 mile from the tagging
area and released. Pre-release mortality rates averaged 17.8 percent
(105 of 590 fish) during the first year's study. Highest mortality was
experienced when shad or incidental species catches were high, resulting in
longer time elapsing before all shad could be removed from the net. Mor-
talities were also directly correlated to increasing seasonal water temp-
eratures.

Tag returns documented the mixed composition of stocks taken by the ocean
fishery with returns received from as far south as the Altamaha River in
Georgia. The tag return rate was 24.5 percent (120 of 489 fish). The
Winyah Bay-Waccamaw-Pee Dee River system in nearest proximity to the tagging
area accounted for most of the tag returns (68.3%). Returns were received
from all other South Carolina rivers except the Combahee River. Georgia
returns accounted for 10.9 percent of the tagged shad with the Altamaha
River contributing 9.2 percent of these recaptures. Only two fish were
recaptured north of the tagging site.

The effect of capture location and seasonality on the stocks inter-
cepted by ocean fisheries will be investigated in a continuation of this
project scheduled to begin in early January 1987.



"Summary of a Presentation by Billy McCard, July 7, 1987"

Activities in South Carolina related to shad and river herring during the
winter and spring of 1987 were similar to those of 1986. Funding for
American shad investigations was through NMFS udner PL 89-304. Major
topics of study were: 1) continued collection of CPUE from cooperating
commercial gill-netters on selected rivers and coastal waters; 2) ocean
shad tagging in the vicinity of South Carolina's ocean gill net fishery
for shad to determine the riverine destination of stocks susceptible to
this fishery; and 3) monitoring of the by-catch of Atlantic. and short-
nosed sturgeon in shad nets to determine the potential impact of the
shad fishery on depleted stocks of these species. In addition, shad
landings were also collected by project biologists in cooperation with
the Marine Resources Division's Fisheries Statistics Section. Landings

were recorded by water area, dealer type and county.

1) CPUE

A network of cooperative commercial shad fishermen has been
established within the four major river systems in S. C. over the
pést eight years. Some information has also been collected from
fishermen in the nearshore ocean fishery near Georgetown. Rivers
for which CPUE data have been collected and monitored for changes
in stock status are the Waccamaw-Pee Dee system, Santee River,
Edisto River and Savannah River: CPUE data over all years indicate
no obvious changes in stocks within the river systems evaluated
under this program.

2) Ocean Shad Tagging

Tagging in 1987 was carried out in similar fashion with that

in 1986. The tagging area was expanded to include the Murrells Inlet



3)

jetties, but sufficient numbers of shad were not encountered in
this area. Accordingly, most sampling effort was again focused
near the Winyah Bay north jetty.

Prevailing easterly winds during the tagging period (Jaunary
21 - April 13) resulted in a decline in tagging effort from 1986.
Fifteen tagging trips were made but only nine were made to Winyah
Bay. Considerable effort was expancs at the Murrells Inlet jetties
with very low catch rates. Only 125 American shad were tagged
during 1987. However, 38 tag returns were received by project
biologists for a return rate of 30%. The distribution of tag
returns by water area was similar to that of 1986. Most returns
(25 or 667%) were from the Winyah Bay - Waccamaw-Pee Dee River
systems. All other returns were from areas south of the tagging
site as follows: five from the Atlantic Ocean off of S. C.,
one from the Edisto River, one from the Savannah River and six
from the Altamaha River, Georgia.

Handling procedures were refined from those of 1986 with the
use of a flow through holding tank and pre-tagging mortality was

only 7.4%.

Sturgeon By-catch

Sturgeon catch rates were very low when compared to those
of shad for both 1986 and 1987. However, biologists feel that
significant numbers of juvenile Atlantic sturgeon are taken in
shad nets, particularly in the Winyah Bay area. The commercial
fishery for Atlantic sturgeon was closed statewide in 1985 because

of severely depressed adult stocks. For this reason, the potential



impact of the commercial shad net by-catch onjuvenile stocks
needs to be closely monitored.

Also, the endangered short-nosed sturgeon is commonly caught
in shad nets but generally in much lower numbers than are juve-
‘mile Atlantic sturgeon. However, relatively large numbers of
adult and subadult short-nosed sturgeon are incidentally caught
in shad gill nets in the Savannah River. Many of these fish have
been collected from Savannah River shad fishermen over the past
several springs to be used as brood-stock at the Orangeburg
National Fish Hatchery in Orangeburg, S. C.

4) Shad landings were supplied for the 1986 season but have not been
summarized to date for thé 1987 season. The preliminary total for

1987 is approximately 484,000 pounds.

An independent and state funded study was undertaken by ; member
of the Marine Resources Division's staff from 1985 through 1987 to deter-
mine the extent of the developing recreational shad fi;hery in the tail-
race of the Cooper River below Pinopolis Dam néar Moncks Corner, S.C.
This study was initiated primarily to determine the impact on this shad
fishery from rediversion of water back into Santee River from the Santee-
Cooper lakes instead of. the Cooper River. This project was completed by
the U. S. Army Corps of Engineers in Mafch of 1985 and was undertaken to
reduce siltation problems in Charleston Harbor. A copy of the
report on this project is attached.

Another ongoing program deals with blueback herring on the Cooper
and Santee Rivers and passage of these fish into the Santee Cooper Lakes
through navigational locks on the tailrace of the Cooper River and a re-
cently inst,?lled fiéh lift on the Rediversion Canal of the Santee River.

\

As I mentioned at the S&S meeting, a substantial, but undetermined number
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of American shad, as well as some hickory shad are passed by both of these
facilities into the Santee-Cooper Lakes. This project is conducted by

the freshwater division of our department and exchange of information
between the freshwater and marine divisions is alarmingly poor. A brief
description of this project is enclosed. It might be in the best inte-
rest of the ASMFC to contact Dick Christy directly in order to receive

more detailed information on his project and possibly to notify him of

future ASMFC activities.
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Introduction

The ability to assess the current status of American
cshad Alosa sapidissima, and other alosid stocks along the
Atlantic coast requires a clearer understanding of the
natural and man-made (pollution, fishing, dams) factors
causing changes in stock abundance. Exploitation of the
spawning stock within its natal river 1is of particular
importance, since it is the only man-made factor over which
ctate fishery managers have some direct control. -Moreover,
sport and commercial shad fisheries within most Atlantic
coact rivers are located well downstream of the major
spawning grounds (Walburg and Nichols 1967), so that
intensive fishing can seriously reduce spawning stock
escapement and the subsequent production of dominant vyear
classes. Therefore, knowledge of how fishing mortality
varies with fishing effort (hours or days fished) is needed
before fishery managers can effectively control escapement
through fishing effort regulations. In addition,; if a long
time series of fishing mortality rates are estimated for
several Atlantic coast rivers, we can better evaluate to
what extent overfishing 1s related to recent stock declines
(ASMFC 1989).

The purpose of this paper ic to describe several methods
to estimate commercial and recreational fishing mortality
rates for American shad in their natal rivers. An example
of each technique is presented, as well as the assumptions
on which each method is based. Although the methods are
applied to American shad data, most can be modified
slightly to estimate fishing rates on any anadromous stock.
Most of the methods of estimating fishing mortality require
that repeat spawning occurs and is discernible on the
ccales. Therefore, the methods can only be used for shad
stocks from North Carolina to New Foundland, Canada. Where
repeat spawning 1is virtually absent, such as in the rivers
of Florida, Geprgia, and South Carolina (Leggett 196%9), the
methods of estimating fishing mortality are limited to
mark-recapture studies. Unless otherwise stated, all
mortality rates derived here are instantaneous because
annual natural and fishing mortality rates are not
additive. The instantaneous fishing rates for all methods
were computed under the assumption that exploitation on the
spawning population is type 1 (Ricker 1975), indicating
that the biological year starts when the spawning
population enters the river , so that fishing mortality
precedes natural mortality.

Direct Estimates of Fishing Mortality

The most straightforward'way of estimating riverine
fishing mortality is by tag-recapture experiments. If
Amer ican shad are tagged (M.) randomly during their
upriver migration in year x and subsequently recaptured
(R.) by the commercial and sport fisheries in the same

year, the exploitation rate (u,) for each fishery is
estimated by:



u,.= R./M. ’ (1)

and the i1nstantanmeocus fishing rate (F.) for a type 1
fishery 1s expressed by:

F.= -loga(1l-u.) . (2)

Thevreliability of u. and F. from tag-recapture studies
depends on several assumptions that are familiar to most
fishery biologists (Ricker 1975, pages 81-83). If fishing
effort (f.) data such as the number of nets or days
fished annually are known 1n year x, the catchability

coefficient (g) of each unit of fishing effort can be
calculated:

Q= F./f. . ' 3

The 1nstantaneous fishing rates for other years when
fishing effort data are accessible can be estimated by:

Fo.=q*f, . (4)

When landings data (C,.) are also included for the same

time period, the annual population size, (N,.) can be
estimated:

N.=C./l-exp(—-g*f.) (5)

where the quantity l-exp(-g*f,.) is egqual to the rate of
exploitation (R./M, ) of equation 1. The validity of

egs. 4 and S5 depend on the assumption that the catchability
coefficient 1s constant. This assumption needs to be
evaluated further since the commercial catchability
coefficient for American shad in the Conneticut River was
found to be inversely related to stock size (Crecco and
Savoy 1985). Even if this assumption is violated, however,
eq. 4 can still generate a relative trend in exploitation
rates. For further details on eqs. 4 and 3, consult Fredin
(1934) and Leggett (1976).

Example 1. A total of 48355 American shad were tagged in
the Comnneticut River in 1980, of which 721 were recaptured
in the commercial gillnet fishery. The annual exploitation
rate (u,) in 1980 was estimated by eq. 1:

0.149= 721/4855 ’

and the instantamneous fishing mortality rate (F.)
estimated from eq. 2:

0.161= -loga(1-0.149)

The fishing effort (f.) in 1980 was 8%7 gillnet days,
resulting in a catchability coefficient (g) by eq. 3:

0.00018= 0.161/897



Table 1. Catch (C.L), effort (f_), 1nstantaneous
commercial fishing rate (F.) and population si1ze (N.)
of American shad 1n the Conneticut River from 1975 through
1979-see example 1.

Year Catch 1n No. Gillnet Days Population size
(%) (C..) (f.) (F.)r7 (N V=7

1975 123344 . 1051 0.18%9 716227

1976 138650 1070 0.193 789947

1977 FER74 1176 0.212 507623

1978 55962 1068 0.192 422074

1979 73321 975 0.1795 456706

1/ FL=0.00018+f .

2/ N.=C,./1-exp(-g*f.)



Given the gillnet landings (C.) and fishing effort
(f.) from 1975 through 1979, the corresponding
instantaneous fishing rates (F.) and population sizes
(N,,) were estimated by eqs. 4 and 5, respectively (Table
1).

For a population in which male and female fish
experience different rates of fishing mortality, the change
in the sex ratio among surviving fish can be used to
estimate total population si1ze (N ..) and the fishing
rate (u) (Ricker 1975, pages 199-200). If data are
availlable on the sex ratio before (f,/n,) and after
(fo/ne) exploitation, as well as the commercial or
recreational catch of male (C.) and female (C,) shad,

the population size of female shad (N,) can be computed
by a ratio estimate:

Ne=f /M1 (Cr—(faa/ne*Ceau) )/ T/ Nnyi—FTe/ne,

(&)

where: Cico= the total catch of male and female shad.

The total shad population (Neoy) can'be estimated by:

th.vch—(f:/na*ccov)/fx/nl_fa/n:l (7)

so that the male population sizer(Nm) can be estimated by
subtraction:

No=Negeoe—Ne . (8

The annual exploitation rate of female shad (uer) can be
expressed by:

and the male exploitation rate (u.) by:

Um=Cr/Nn . (10)

Methods of calculating the asymptotic standard errors about

Nry Nms Neoe are given in the original reference
(Chapman 1955).

Example 2- The 1985 female sex ratio (fy,/ny) of

American shad at the mouth of the Connecticut River was
0.43 and was 0.44 (fo/ne=) at the Holyoke 1ift after
commercial fishing ended. The commercial fishery in 1985
harvested 89,303 shad (C.o.), of which 52,689 were female
(Ce¢) and 36,614 were male (C.). The 1985 population
estimate of female shad (Ny) was determined by eq. &:

602,806= 0.45(52,689-0.44(89,303))/0.45-0.44

.

The total shad population (N¢..) was estimated by eq.7:

1,339,568= 52,689-0.44(89,303)/0.45-0.44

’
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and the 19895 population estimate of male shad (N.) was
computed by eq. B:

736,762= 1,339,568-602,806

The annual fishing rates on male (u.,) and female (u¢)
chad were estimated by eqgqs. 9 and 10, respectively:

0.05= 36,614/736,762

and 0.087= 52,669/602,806 .
Crce u., ur and u are known, 1nstantareous fishing

mortality (F) 1s then calculated from eq. 2. Although
ectimate of population size frcm eqgs.
total catch be separated by sex,

an
6-B recuires that the
exploitation rate may be
estimated by using only a random sample o7 the catch.
that case C. and C.. become the number of femzles and
males in the sample. A potential bias in egs. 6-10 involves
the discard of male and spent female shad by commercial
fisherman that represents fishing mortality not accounted
for in the sampled catch. This would introduce error
estimates of the component sizes (N,, N ) and
exploitation rates (u., us).

in

into

Indirect Estimates of Fishing Mortality

When repeat spawners are present in the spawning stock,

fishing mortality rates (F) can be estimated indirectly by
subtraction:

(11)

when total (2) and natural (M) mortaliy rates are estimated
independently. Given below are several methods to estimate

total fishing maortality for shad stocks with repeat
spawning.

Total Mortality (2)-

The fraction of repeat spawners (P..;) in year x+1
represent fish that have survived exploitation and
postspawning mortality in year x. Therefore, P. is the
annual survival rate between x and x+1,

so total mortality
(2) can be expressed by:

Z2,.= —log.(P,) . (12)

When data are limited to only one year, the 2. estimate
from eq. 12 may be seriously biased by recruitment
variability in the spawning population. This bias can be
removed i1if data on abundance (N,), age and repeat
sSpawning are accessible over
Total mortality (Z2,.)
(jr:

several consecutive years.
can then be expressed by year—-class

Z2ynm=10Qa(P i *¥N, oy /NyL) , (13D



where: P,..,= the fraction of repeat spawners
of year-class ) 1n year x+1 3}

N,..1l= the absolute population size of
year—-class j i1n year x+1 3

N,.= the absolute population size of
year—-class j 1n year x.

If relative rather than absolute abundance data are taken,
then N,, and N,.., are replaced by C/f,. and

C/f,.~-y In eq. 13. Unbilased estimates of Z2,. from eq.

14 depend on the assumptions that age composition and
cpawning history data reflect the true age and spawning
history composition, and that relative changes 1n stcck
abundance between year x and x+1 reflect unbiased chenges.

Example 3- Walburg (19261) collected relative abundance
(C/f), age and repeat spawning data for American shad in
the Connecticut River from 1936 through 1939. In 1936,
repeat spawners (P,) comprised 42.5%4 of the run. The
total instantaneous mortality rate (2Z2,) from eq. 13 was:

0.856=-10g_(0.425)

Example 4- Walburg (1961) found that the relative abundance
(C/f) of the 1951 year—-class in 1936 (age 35) was 1698
fish/gillnet hour and 901 fish/gillnet hour in 1937 (age
&), of which 415 were repeat spawners. Let 1698= C/f,.,
901= C/f .+, and 415/901=0.461=P,,.+:. The total

mortality rate (Z2,.) of the 1931 year—-class between ages

S and 6 was estimated by eq. 14:

1.41=-10g.(.46%¥201/1698) .

Catch Curve Analysis

Another way of estimating total instantaneous mortality
(Z2) 1is by catch curve analysis (Gulland 1983); where
relative (C/fa) or absolute (Ng) abundance is plotted
in a linear model against their respective age (A):

10go(C/fa)=a+Z*A . - (14)

The descending limb of the curve in the log scale 1is
usually straight with the slope (sign changed) equel to the
total mortality rate (2). Despite the widespread use of
catch curve analysis, eq. 14 is not very useful for
American shad and other anadromous alosids in which
recruitment to the spawning population and fishing gear
occurs gradually over ages 3 to &6 (Leggett 196%). As a
result, catch curve analysis for American shad should be
confined to the plot of log abundance over ages & to 10
when only repeat spawners are present. A better approach 1is



o conmstruct a catcn curve by plotting the lcg of spawning
group frequency against tne corresconding numter of times

9

spawnec (assuming that consecutlve spawning 15 the rulei:

lcga(Sen)= a+debe. ) (15)
wnere: S..= the number of shad with 1,2,...°1
spawning marks 1n year xj
W..= the frequercy of scawnima sCars
(1,2,...7T) 1n year x.
Maery ~mZrican shad that are firet and csscornd ti1me spewners
(0 armd 1 spawning marks on scales) are not large enough to
re fully vulreranle toc ccmmercisl gillnec Ticheries
(Weiouro 1$961). Therefore, if the spawning mictory dete
were obtaimed from a gill nmet fishery, only 7ish wlth two
cr mor

e cpawning marks shcould be included in eg. 15. It
csireable to estimate 2 separately for male and

shad cince female shad are larger, generally mature
than males (Leggett 196%9) and are selecteo for 1in
and commercial Tilsheries.

19

n = ~H W
oW o= N m
3w

e]
N
m

The validity of egs. (14) and (15) for estimating <Z
depends on the assumptions that both fishing (F) and
ratural (M) mortality rates are constant over all ages and
ponulation sizes, and that recruitment to the spawning
pcpulation is constant. The assumption of constant
recruitment is seldom satisified, particulaerly for
short-lived alosid species. However, if relative abundance
data are -available for several consecutive years; the
effects of recruitment variability can be removed by
estimating total mortality (Z) by year-class (3):

log.. (SJ,(.H) = a + Z)HJ_(,M) (16)
where: S,.r.w = the number of shad of year
class (j) with 1,2...f spawning
marks in year X3

Wy.¢.. = the frequency of spawning
scars (1,2 f) of year-class (]j)
in year x.

Example S. Walburg (1%61) estimated the relative abundance
(C/f), age and spawning frequency of American Shad from
1956 though 1959. Total mortality (2) for the 1957 data was
estimated with eg.14 by plotting the log. of C/f for ages

& to 9 against the respective age (A).

ARge (A) Cr/1f loa, (C/T)
& 1485 7.30
7 5495 &£.30
8 193 5.26
9 18 2.8%

~i



-

Log. (C/f) cata were related to age (A) in a linear
mocel:

log. (C/f) = 16.12 -1.43 A,

where total mortality (2) 1s the slope (1.43).
Example &. To use eg. 15 to estimate Z, the log. of the
spawnling group fTrequency (S,...) in 1937 was plotted

against the freguency of two or more spawning scars
(we o).

T x> loa,, S, . We, o
EZY 6.79 c
17 5.33 3
111 4.71 4

ne linear regression model was:
loge (Se. L) = 8.75 = 1.04 We. . .,
where Z 1s the slope (1.04).
Example 7. The relative abundance (C/f) and frequency

repeat spawning for the 1950 year-class (Walburg 1961)
given thrcough its fishable lifespan (1956-1959)

Year Age Syt .n 109~ Si,r,u W e,
19356 b 639 b.46 e
1957 7 217 5.38 3
1958 8 153 5.03 4
1959 < 39 3.66 3

Total mortality (2) for the. 1950 year-class was estimated

by eg. (16):

10ga (Sy.v.0) = B.192 = 0.87 W,.r.ms

where 2 is the slope (0.87). The above procedure can also

be used to estimate Z for all other year-classes in the

spawning population.

Total mortality (2) from von Bertalanffy Equation

If only length frequéncy data are gathered annually,

1s still possible to estimate total mortality with the

growth parameters (K,lLeo) of the von Bertalanffy growth
model :

Le = Lo (1-exp-K(t=-t )), (179
where: Le = The mean length at age t;
Lo = The maximum length in the population;

te= The length at O age;
K = rate at which L, approaches Le.

1t
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This methoc 15 predicated on the thecry hat a ceclinme 1n
the apbungance of clder and larger fisn 1s caused by a
1n total mortality (Z) (Beverton ang Holt 195%). As a
result, the mean length (L) of the stock Qreater than the
length at full recruitment to the fashery (L.) s
expressed by:

rise

L = L. +((K/(Z+K)Y/(Laee—Lc )y 18)
~hich can be rearranged to estimate totel mortality (2)

2 = K(lg - L)/ (L-b_). (19)
A sligntly cdifferent approach for es*imating £ was
cdevelczzsd oy Ssentomgo and Lerw:in (157320

2 = K(n/n+1)=(1/Y=Y_) (20)
where: Y.= — log- (1-L,/Lgls

Y = (,%Yx)/n

Yo = — log. (1-Lo/La)ds

n = sample size o7 the length (L.)

frequency distribution between Lo
and La.

it 1is important to note that Y# -1n(l1-L/Le),but must be
calculated from individual values of VY,.

To use eqgs. 1% and 20 properly for American shad, L.
should be selected as the mean length at age 6 when nearly
all shad of a year-class have attained sexual maturity. It
is also desirable to separate the length frequencies by sex

since the growth parameters (K, la) differ considerably
between male and female shad.

An easy way to estimate K and La is from a Ford-Walford
plot (Ricker 1975) in which mean length at age t is fitted
by linear regression against the mean length (L¢+y):

Lewr= atbxle; (21)
from which Lo is expressed by

Lo = a/l-b, (22)

and K by

K = - log. b. ' (23).

Although egs.

21-23 furnish approximate estimates of K and
Ly, the most

accurate and precise estimates are generated
by fitting length and age data with a nonlinear least
squar= regression (SAS 1982).

Yol



Example B- Mean fork lemgth-at-age data are available for
male and female snhad from the Conmnecticut River.

Male Female

Age Number Mean F.L.(cm) Number Mean F.L.(cm)
3 12 34.5 - -

4 116 41.7 &b 495.1

o) 88 44,6 137 48.7

& 39 47 .4 7e 51.7

7 7 48.7 164 53.3

8 3 49,4 G 959.1

These data are rearranged in a Ford-Walford plot.

Meles Females
Ly Ly Lo Lgwy
34.95 41.7 45.1 48.7
41.7 44 .6 48.7 S1.7
44,6 47 .4 S1.7 593.3
47 .4 48.7 53.3 55.1
48.7 49 .4 55.1 -
49 .4 - - -

Length at L. is plotted in a linear model with Le.;, as
1in eq. 21 for males:

Lewr= 22.16+0.558%L ¢ ’

and female shad:

Lewr= 15.05+0.747x0L

The parameter K was estimated from eq. 23

Male Female
0.583= -10g.(0.558) 0.292= -log.(0.741)

and Lo from eq. 22

Male Female
S50.1= 22.16/1-0.558 59.5= 15.05/71-0.747

Example 9- In 1981, 1500 male and female American shad were
measured to fork length (L,) in the Connecticut River.

The mean fork length (L) from L. to Lo was 48.2 cm for

male shad and 52.9 cm for female shad. The mean length at
age &6 (L&) was 47.4 cm for maele shad and S1.7 cm for

female cshad (see example 8). Total mortality (Z) was
estimated by substituting Lleos, K, Lo and L into eqg. 19:

Males-— 1.38= 0.583(50.1-48.2)/48B8.2-47.4 ’
Females—- 1.61= 0.292(59.5-52.9)/52.9-51.7

Total mortality (2) was also estimated by eqg. 20 usi1ng
L‘) YX) Y and YC:

"
Males— QﬂlY‘)/n = 3.27

;/:
Ye= —-logue(1-47.64/50.1)= 2.92



2= (1900/:1S01) (LSBZ1(1/3.27-2.9c)= 1.¢&6
- "
Females- Y= (% v, )/n o= 2.20
V.= -logo(1-51.7/5%.5)= 2.03
2= (1300/1201)(.2921(1/72.2-2.03)= 1.7¢

Estimating Natural Mortality

Ceveral methods are available fto incirectly estimate
natural mortality for American sned stocke with repeat
cecawning. 1f pocpulation estimates (No), catch (L), age
srao repeat scaewning date are present for two Cconsefutive
years, natural mortality (Moo ) beitween years » anc x+l
cz2n o2 est:metel by

M., -1 = —log_(Pv-l*Nu‘,)/(N"—Cu) '
(a4
where: P...= The cercentace of repeat spawrners 1in

year x+1j

N..,= The population size in year x+1;
N.= The population size 1n year x;
C.= The catch by the sport and commercial

fisheries 1n year x.

The natural mortality estimates from eq. 24 include losses
due to postspawning mortality, oceanic fishing, disease &and
predation.

1f relative (C/f,) rather than absolute (N,)
abundance data are accessible for two or more years,

natural mortality can still be estimated if the rate of
exploitation (u,) is known:

Muonwe1= —10Qu(Pawy1 *C/F w1 )/ (C/Fux(1-u,)

]

(23)

where the annual rate of exploitation (u,) is estimated
by egs. 1, 9, cor 10.

Example 10— In a hypothetical example, the 1979 shad run is
560,000 fish (N,.) and the 1979 commercial catch is 86,000
fish (C.). Inm 1980, the shad run is 480,000 fish
(N..-,), of which the fraction 0.3 (P..,) were repeat
spawners. An estimate of the natural mortality rate
(M. . .~,) between 1979 and 1980 was estimated by eq. 24

1.19= -1log.(0.2%480,000)/(560,000-86,000)

Example 11— The mean catch per net haul (C/f.) in 1979

was 53.1 and the corresponding commercial exploitation rate
(u.) was 0.22. In 1980, the mean catch per net haul

(C/f..3y) was 47.3, of which a fraction of 0.23 (P.-1)

were repeat spawners. An estimate of natural mortality

(M., <-1) between 1979 and 1980 was estimated by eq. 25:

1.34= -10Q9.(0.23%47.3)/(53.1*%(1-0.22)



If total mortality (2) anc fishing effort (f) were 15
estimated for a number of years, natural mortality (M) can ¢

be estimated by a linear regression (Gulland 198%5) of 2 on
f:

2= M+q*f , (26)

where the y-axls intercept i1s the natural mortality rate
(M) and the slope (qQ) is the catchability coefficient.
Unbiased estimates of natural mortality from eq. 26 depend
On the assumption that the catchability coefficient (q) 1s
constant over time.

There are also several methods availlable to estimate
natural mortality from specific life history
Characteristics. Rikhter and Effanov (1974) found that
natural mertality among fish stocks is inversely related to
the age of csexual maturity by:

M= (1.521/7,°-"2)-0.155 (27)

where: T.= the age at which S0% of the population reaches
sexual maturity. Hoenig (1983) developed a predictive
gquation for estimating natural mortality based on the

inverse relationship between M and maximum age (Tamaw) of
B4 fish stocks:

loga (M) = 1.46-1.01*%1loga(Tmaw) . (28

Lastly, Pauly (1980) noted that natural mortality rates of
175 fish stocks were related to the von Bertalanffy
coefficients (lLx,K) and the mean annual temperature (T)
within which the fish species commonly occurs. This
relationship was expressed in a multiple linear regression:
logo (M) =

-O.OOOé~O.879109_(L®)+O.65@3109-(K)+O.QéBQIog_(T)

(29)

Since the mean annual temperature (T) may be difficult to
determine for many fishes, a range of temperature should be
substituted into eq. 29.

Eqs. 27-29 were originally developed for fish stocks in
which natural mortality remains constant over the fishable
lifespan. Given that natural mortality of American shad
rises markedly after sexual maturity due to the rigors of
migration and spawning (Carscadden and Leggett 1975),
several modifications of eqs. 27-2%9 are needed. Firstly,
the T. value in Q. 27 would usually be about 4.5 vears
for northern shad stocks (Leggett 1969). However, T.
should be reduced to about 1.5 years to reflect lower
natural mortality rates among pre-adult fish between ages 1
and 3.0 (i.e. 4.5-3= 1.5 yeéars). Secondly, although the
maximum age (T....) in eq. 28 would be about 10 vyears for
northern shad stocks (Walburg and Nichols 1967), it should
be reduced to 4 years to include only the age interwval
between full sexual maturity (age &) and the maximum (age
10). Lastly, to use eq. 29 for American shad, the K
parameter of the von Bertalanffy equation should be about

0.75 to reflect the adjusted T... of &4 years according to
the expression of Pauley (1983):



K= 3/Tmax . (30

Example 12- Assuming the adjusted age (T.) at which 50%
of the shad mature is 1.5, an estimate of natural mortality
from eq. 27 is:

0.98= (1.521/1.5-7%)-0.155

Given an adjusted T... value of 4 years, eq. &B was used
to estimate natural mortality:

log.(0.06)= 1.46-1.01%log.(4)
therefore, M= exp(0.06)= 1.06

Using the La value of S0.1 cm for male shad (see example
8), the adjusted K value of 0.75 and a mean annual
temperature (T) of 12 C, natural mortality was estimated by
substituting Loo (S0.1 cm), K (0.75) and T (12 C) in eq. 29:

log-(O.189)=—O.0006—O.879109-(50.1)+O.65Q3109-(O.75)+
0.46341log.(12),
therefore, M= exp(-0.12%9)= 0.880

Once total (Z) and natural (M) mortality are estimated
by various methods (egs. 13-30), fishing mortality (F) can
be estimated by subtraction (eg. 11):

F= 2-M .
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SUMMARY REPORT OF THE SHAD AND RIVER

HERRING STOCK ASSESSMENT COMMITTEE

INTRODUCTION

The American shad spawns in a number of Atlantic coast
rivers and supports valuable sport and commercial fisheries.
The total coastwide landings of American shad rose steadily
during the 1960's then declined steadily thereafter, particu-
larly from midAtlantic and south-Atlantic rivers. The under-
lying causes for the recent decline in shad landings are unclear
and no comprehensive stock assessment of Atlantic coast snad
has ever been conducted.

This stock assessment was performed by several state
biologists under the auspices of the Atlantic States Marine
Fisheries Commission. The objectives of the assessment were
to: 1) estimate maximum sustainable yields (MSY) and Fygy
lJevels for selected shad populations; 2) compare current rates
of fishing mortality rates in these rivers to the Fyqgy value;
and 3) examine how certain biotic (fecundity, fish size, natural
mortality) and abiotic factors (river flows) might affect
latitudinal changes in MSY and Fygy:

METHODS

The assessment was done on 17 shad stocks from Rhode Island
to Florida based on 10 to 65 years of age structure, juvenile
indices, catch and effort statistics. An assessment was also
attempted on shnad data from several other rivers, but this
analysis was terminated due to the short time series and poor
quality of the data bases. 1In the analysis we assumed the
existence of density-dependent mortality underlying the parent-
progeny relationship of American shad. The stock-recruitment
relationship was expressed by the three parameter Shepherd S-R
model which predicts equilibrium yield by combining yield-per-
_recruit (Y/R) and biomass-per-recruit (B/R) analyses with the
stock-recruitment characteristics of each stock. The sequence
of analytical procedures were: 1) estimate population size
from catch-effort statistics and tagging studies; 2) determine
spawning stock size as the initial population size minus the
commercial landings; 3) estimate current fishing rates (F) by
catch curve analyses and tagging studies; 4) estimate recruitment
from juvenile indices or from age structure and populations



sizes lagged 4, 5, and 6 years later; 5) fit the Shepherd S-R
mnodel to the stock recrultment data by non linear least squares
regression, where the A parameter represents the recruitment
rate at the origin, B is the coefficient of density-dependent
mortality and XK is a scaling parameter that 1s related to the
carrying capacity of each river; 6) generate ¥Y/R and B/R for
various levels of F with the Thompson-Bell yield-per-recruit
model; and 7) merge the results of the S-R model with Y/R and
B/R using several equations £from Shepherd (1982) to estimate
total yields at each level of F. This analysis was further
confined to shad stocks where the S-R parameters (A,B,K) were
estimated with reasonably high precision (CV<25%). The MSY and
Fiyygy levels were represented by the peak of the equilibrium
yield curve. To determine whether shad stocks may be presently

overfished, the Fjpgy values for each stock was compared to the
current fishery rate.

RESULTS

Fits of the general Shepherd recruitment function to shad
S-R data were highly variable. Coefficients of determination
ranged from .017 to .624. Precision of the parameter estimates
as judged by the coefficients of variation (C.V.) ranged from .03
to 1.54. A wide range of recruitment scatter patterns were
observed. In depressed populations an ascending limb was
clearly observed. For those populations which had not exper-
ienced significant stock declines, a dome and descending limb

were apparent. In several stocks, the relationship was in-
determinant.

Estimated instantaneous rates of fishing mortality for
sustainable yields (Fpygy) ranged from .4 to 1.2 (Table 3.3.1).
Estimated Fygy was controlled by the slope of the stock-recruit
function (a). Estimates of "a" were positively correlated with
fecundity suggesting that the S-R analysis had accurately
captured the productivity of the stocks. "a" was also related
to environmental stability. Northern shad have lower fecundity
and productivity, reaffirming the hypothesis of adaptive life
history variation (iteroparous vs. semelparous spawning) in
response to local environmental effects. Historical estimates

of yield (1895-1905) were correlated to the estimates of K from
the S-R analysis. ‘

A potential source of bias lies in the estimates of spawn-
ing stock and the fitting procedure used. Simulation studies
with Pacific salmon suggest that errors in the measurement of
spawning stocks and a non-zero expected (time series bias)
error term due to "natural" vs. "planned" experiments may
result in an overestimate of stock productivity. Because of



this potential problem, a general S-R nodel was constructed
using only those parameter estimates having a C€.V. < 25%, from
the most reliable data sets. When merged with Y/R and B/R
models, the procedure gives Fygy values ranging from .6 - .8.
It was therefore recommended that exploitation rates for shad
be held below 45 - 50% of adult stock until the potential bias
in higher estimates can be evaluted.

Estimates of current fishing mortality rates were generally

at or below recommended rates. Notable exceptions were the
Susquehanna, Nanticoke, Ogeechee and Cape Fear rivers.

CONCLUSIONS

Density-dependent stock and recruitment models were applied
to shad populations with varying degrees of success. The
productivity parameter (a) was critical in estimating the
fishing mortality rate producing maximum sustainable yield.

"a" was correlated with independent biological and physical
factors. Estimates of maximum rate of exploitation (u) ranged
from 33% to 71% of adult stock. A relationship between maximum
fishing rates and adaptive life history strategy was suggested,
although 'errors in variables' bias could also be responsible.
Stocks are not producing as well as they did at the turn of the
century. Conservative exploitation rates of 45% to 54% are
recommended until the error bias is further investigated. The
ASMFC plan for shad exploitation is 40%. This rate was recom-
mended to the states but there is no obligation to comply.



Estimated fishing mortality rate at MSY (F wsy), exploitation rate at MSY (U MSY)
MSY and current fishing mortality rate (F:) for 17 rivers from New England I

oida,

to F

SITE F ms.y. U msy. | MS.Y. Feo
Pawcatuck 605 454 39,200 008
Connecticut 600 451 684 .200 151
Hudson 600 451 2,720 128 375
Delaware 795 548 651,500, 321
Susquehanna 700 .503] 1,342,000 940
Nanticoke 400 1330 85,0000 .801
James 500 393 814,440 448
Chowan 1.250 713 282,100, 675
Tar 1.030 643 340,000 794
Neuse 1.000 632 430,874 641
Cape Fear 1.100 667 46,007 1.657
Waccamaw-Pee Dee .900 593 106,200 677
Edisto 800 551 136,317 135
Savannah 1.120 674 261,000 416
Altamaha 700 503 288,640, 573
Ogeeche 1.200 699 45,563 490
St. John's 600 451 768,928 . 11p)
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Bay of Fundy American Shad Research
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M.J. Dadswell

Tagging Studies

Shad tagging studies were terminated during 1985. A total of
31,550 shad were tagged in the Bay of Fﬁndy between 1979-1985 (Dadswell
et al. (in press)). To date, there are approximately 1100 tag returns
(4-5%). Of these, approximately 70% are from the U.S.A., 2/3's from
river fisheries and 1/3 from coastal fisheries. Working up this data
will provide a complete.picture of the migration timing along the U.S.A.
coast and the sites of fisheries which exploit shad. Using stock
discrimination, information from the Bay of Fundy may provide exploitation
rates for some fisheries in the United States. Catch/effort data from
the Bay of Fundy should provide a reasonable measure of the natural
mortality of juvenile and sub-adult shad since these fish were caught
in experimental gear and represent year-classes and ages not exploited
commercially.

The tag-return information indicates there are three sites of
winter concentrations and three summer concentrations of shad along the
east coast. Fish overwinter off Florida, in the mid-Atlantic Bight and
on the Scotian Shelf. Summer concentfations are in the Bay of Fundy, the

St. Lawrence estuary, and off Labrador (Dadswell et al. (in press)).



Turbine Mortality Studies

During 1985 and 1986 turbine mortality studies were carried out
on American shad post-spawning adults at the Annapolis Royal tidal turbine.
The Annapolis Royal hydroelectric plant consists of a single, low-head
STRAFLO rim-generating turbine producing 17-19 MW at flows approximately
400 m3/s. Experiments consisted of passing sonic tagged shad through
the turbine during generation and observing the mortality rate against
the mortality rate of similarly handled control shad that were not passed
through the turbine. Additionally, using SCUBA, a watch was kept on the
area below the turbine for mortalities of wild fish. |

Mortality of adult shad during the 1985 experiment was 46.3+34.7%
accounting for controls, and during the 1986 experiments was 21.3+15.2%
(90% C.L.). Reduced mortality during 1986 may have been the result of
better héndling procedures. Control survival in 1986 was 97.1+4.0%
compared to 74.4+10.0% during 1985. Additionally, during both 1985 and
1986, 10% of fish that passed through the turbine disappeared and may
have received a direct strike. All shad which died during turbine passage
and recovered by SCUBA were diagnosed as dieing from pressure effects.

Wild fish which were recovered by SCUBA downstream of the turbine
represented all speties of anadromous fish known from the Annapolis
except Atlantic salmon (TPH reports). ‘Death was attributed to mechanical,

shear, pressure and cavitation.
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ABSTRACT

RESTORATION OF AMERICAN SHAD TO THE SUSQUEHAXNA RIVER
Richard A. St. Pierre
U.S. Fish and Wildlife Service

P.0. Box 1673
Harrisburg, PA 17105

Fishery resource agencies from New York, Pennsylvania and Maryland and

the U.S. Fish and Wildlife Service are working cooperativelv with four
private utility companies to restore American shad to historically important
spawning and nursery areas above hydroelectric dams in the Susquehanna

River. A trap and 1lift at Conowingo Dam, MD is used each spring to collect
returning adult shad for transport above all dams to the river at Harrisburg,
PA. Additionally, thousands of adults are seined from the Hudson River

and are transplanted into the Susquehanna. With financial support from

the utilities, the PA Fish Commission operates a shad hatchery on a major
Susquehanna tributary. In addition to reseeding nursery waters with spawners
and cultured juveniles, numerous research efforts are underway to improve
survival of downstream migrant shad past hydroprojects. These include
studies of movement,'timing and behavior using hydroacoustics and radio-
telemetry and evaluation of effectiveness of controlled spills at dams.

Since all hatchery fish are chemicall? marked, analysis of autumn collections
of outmigrating shad indicate the relative contribution of natural production

versus hatchery stockings.

Shad returns to Conowingo Dam have grown dramatically in recent years

from an average annual 127 fish per year in the trap throughout the 1970's



to a record 5,200 shad in 1986. With most of these fish successfully
hauled upstream last year, the addition of 5,000 Hudson River adults

and a record 16 million shad fry produced at the hatcheryv, we anticipate
continued growth of the stock returning to spawn in the.Susquehanna River.
Success in this demonstration phase of the restoration program should
result in construction of permanent fish passage facilities at all dams

capable of eventually supporting an annual run of 2 million shad.
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FCZ CATCH OF RIVER HERRING

Gary Shepherd
NMES

Atlantic mackerel have been the target of commercial fishing operations in
which river herring are taken as a by-catch. The commercial ventures involve
either a directed U.S. fishery, a directed foreign fishery under quota
restrictions, or a joint venture between U.S. and foreign vessels also operating
under a quota restriction. Maximum by-catch allocations were equivalent to
previous levels of 100 MT (see Table 1) and based on percent of the mackerel
catch relative to 37°30'N. 1In 1987 the catch south of the line exceeded the
limit of 0.25% of the mackerel catch and the fishery was halted in that area.

In previous years the maximum amount of river herring taken was 76.4 MT in 1985
and the percentages‘relative to mackerel catch was highest in 1984 at 0.41%.

In addition to the commercial fishery, an allocation of mackerel was given
to Poland for research purposes. Length frequency data of thé river herring by-
catch collected are presented in Figures 1 and 2. The majority of the catch
consisted of adult fish greater than 20 cm. This compares with‘length data
available from the commercial fishery which also shows the by-catch consists of
adult fish greater than 20 cm. The Polish research data also substantiates
that the majority of the by-catch consists of blueback herring. The total

river herring by-catch consisted of less than 0.5% of the total mackerel catch.



1986

1885

1984

1983

FOREIGN DIRECTED
LANDINGS

RIVER HERRING 19.2 MT
AM. SHAD 3.3 MT
MACKEREL 19041.6 MT
% RIVER HERRING
BY-CATCH 0.10%

RIVER HERRING 76.4 MT
AM. SHAD 7.7 MT
MACKEREL  26104.1 MT
% RIVER HERRING
BY-CATCH 0.29%

RIVER HERRING 38.0 MT
AM. SHAD 5.3 MT
MACKEREL - 9252.9 MT
% RIVER HERRING
BY-CATCH 0.41%

RIVER HERRING 9.1 MT
AM. SHAD 5.2 MT
MACKEREL 6217.1 MT
% RIVER HERRING
BY-CATCH 0.15%
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APPENDIX D-4

Dr. Bill Richkus, Versar, Inc. DATE: 12/29/87
~ - s 7! ;/ _

George Lapointe, Council L1a150@42471<7' ya;:%*

Atlantic mackerel fishery and NUMBER M B87-42

river herring bycatch

Paul Perra asked that I send you the 1987 Atlantic
mackerel fishery/river herring bycatch information from
the Mid-atlantic Fishery Management Council. The 1987 anc
recommended 1988 mackerel specifications (1n metric tons)
are:

1987 1988

ABC 294,000 323,000

I0Y 154,676 106,000

DAH 69,600 46,000

DAP 29,000 12,000

JVp . 28,000 20,000

TALFF 85,076 60,000
ABC = acceptable biological catch, IOY = initial optimum
yield, DAH = domestic annual harvest, DAP = dpomestic
annual processing, JVP = joint venture processing, TALFF =

total allowable level of foreign fishing.

The recommended river herring bycatch will not change in
1988; 100 mt subject to an increase to 200 mt upon
concurrence of the Mid-Atlantic and New England Councils
and the Regional Director (NERO).

The river herring bycatch is not to exceed 1% of the
mackerel directed foreign fishing and over-the-side

transfers north of 37 30 N and 0.25% of these respective
catches south of 37 30 N.

Also enclosed is the NMFS report given to the shad S+S
committee in July 1987. This report includes the river
herring and shad bycatch landings for 1983 through 1986,
with incomplete 1987 landings which I've added. The
number of participants in the fishery seems to have a
major influence on total river herring bycatch. Four
countries have applied for directed mackerel fishing 1in

1988, as opposed to two in 19835, one in 1286, and two in
1987.

I've also included for your information a summary of the
Dutch joint venture with Scan Ocean. The Scan Ocean

representative said that two catches accounted for 48% ©
their river herring bycatch, 12.1 mt and 14.4 mt. They
fish a net with an cpening the f a foothall field

+h

size of
(5m mesh, 1000-1500 mesh circumference) and do lengthy
tows. 1 believe that this 1s 2 cocod 1llustration of the
fishing power of the gear and the potential for a signifzi-




Dr. Bi1ll Richkus
29 December 1987
page 2

cant portaon of the herring bycatch being caught 1in a
small number of tows.

Please let me know 1f you need further 1nformation for the
Shad and River Herring FMP,

Enclcsures (4)

cc: Paul Perre



bycatch report from NMFS to Shad S+S,
July 1987.

Atlantic mackerel have been the target of commercial fishing operations
in which river herring are taken as a by-catch. The commercial ventures

involve either a directed U.S. fishery, a directed foreign fishery under

quota restrictions, or a joint venture between U.S. and foreign vessels also

operating under a quota restriction. Maximum by-catch allocations were
equivalent to previous levels of 100 MT (see Table 1) and based on percent of
the mackerel catch relative to 37 30'N. In 1987, the catch south of the line
exceeded the limit of 6.25% of the mackerel catch and the fishery was halted
in that area. In previous years, the maximum amount of river herring taken
was 76.4 MT in 1985 and the percentages relative to mackerel catch was highest
in 1984 at 0.41%.

In addition to the commercial fishery, an allocation of mackerel was
given to Poland for research purposes. Length frequency data of the river
herring by-catch collected are bresented in Figures 1 and 2. The majority of
the catch consisted of adult fish greater than 20 cm. This compares with
length data available from the commercial fishery which also shows the by-
catch gonsists of adult fish greater than 20 cm. The Polish research data
also substantiates that the majority of the by-catch consists of blueback

herring. The total river herring by-catch consisted of less than 0.5% of the

total mackerel catch.



. foreign fTishing, JV arplication
summaries, 11/87

Summary of Applications Received
for 1988
Directed Foreign Fishing and Joint Yentures

Country US Partner Species Directed Joint Venture Purchases
(mt) (mt) (mt)
German Kayflower At). Kackere] 22,000 8,000
Democratic River Herring . 50
Republic Stlver Hake ' 50
Red Hake _ 25
Butterfish ' 20
Il1lex Squid 10
Loligo Squid 10
Other Finfish 200

***‘k*&‘k***‘k*‘k*‘k*‘kﬁ********_********‘k*****

Netherlands Scan Ocean/ At1. Mackere) 30,000 2,000
Lund's

‘k‘k***‘k‘k*k**‘k‘k*‘k‘k****‘k‘k****‘k*‘k*’k*‘k‘k******

Poland Mayflower At1. Mackerel 21,000 7,000
(WITHDRAMWN)

‘k****‘k*‘k****‘k*********k********‘k**k*****

USSR Resource Atl. Hackere] 13,500 4,500 2,000
Trading Co.

******‘k****‘k‘k‘k***‘k***‘k************‘k****‘k

Poland Scan Ocean” At1. Hackere] 16,200 3,800 500

**‘k*’k************’k*'k‘k****‘k******‘k

Japan Lund's I1lex Squid
Loligo Squid

*******k*******************‘k*******‘k

Japan Pt. Judith I1lex Squid
Fishermen's Loliqo Squid
Cooperative

***'k*t'k’k***‘k‘k**‘kk‘k"k***‘k*‘ki{tx******

SEL/05910 11/25/87



1987 (through September) - added by George Lapointe

RIVER HERRING

1986

1985

1984

1983

105 MT (60 MT - E. Germany, 55 MT - Netherlands)

RIVER HERRING

AM. SHAD

MACKEREL

% RIVER HERRING
BY-CATCH

RIVER HERRING

AM. SHAD

MACKEREL

% RIVER HERRING
BY-CATCH

RIVER HERRING

AM. SHAD

MACKEREL

% RIVER HERRING
BY-CATCH

RIVER HERRING

AM. SHAD

MACKEREL

% RIVER HERRING
BY-CATCH

FOREIGN DIRECTED LANDINGS

19.2 MT
19041.6 MT

76.4 MT
7.7 MT
26104.1 MT

0.29%.
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SCAN OCZaN mero to Mid-Atlant
Council re. herring dycatch, ¢,¢7

SCTAN OTEAN INC,

[y

Dotch Harwest - recuested - aporoves
Direct M/T AV M/T Darestic Purcrsce 1o
Atlantic Mackerel 21,000 1,000 2,000
Totz) Acstcz) Catcoh
Atlentic Mackerel 10,782.7 Sit.e ge3.%
~stlentic Butterfish 0.1
River Herrinc £5.2
Silver Hake 1.5 |
ther Finfish 1.1 ;
Lolico Scuicd 0.8 '
—_
M/T Total 10,028.4 €lz .6 8t3.5

Total Mackerel Talff = 85,000.00 /7

By—Catch River Herring Talff = 109 F/T plus 202 M/ i= neegded
Bv—Catch River Herring Caught = 110 ¥/T (ao::c.v..-:.-.abelx)
Bv-Catch River Herrlno For:'mla =

1/4 % south 37.30 N @ 2,300 M/T Mackers) =
1% North 37. 30N@8489 M/T Mackere) = 84 .9

Allowable catch using fomula

0
Acmal Du tch River Herr,.nc czucht 53

Percentage of total Mackerel 003
Dotch Veszsels - Geertrude Margreta No. Tows: 79
Zeeland 64
Dirk Dirk 41
fstrid _41
Ro. Tows: 25

There were 225 tows during the entire ocoeration, of which only two tows
accounted for 46% of the total river herring catch.

42 Rocers Stree 7 - cester, MA 01220 USA (517) 223-1024 Telex 202278 (SOCE UR)



3/5/87 To~ tté caught 12.) M/7T River d

(]
[
*q
'
J
V9]

2/28/87 Tow 647 casght 16.4 M/T River Herring -

(V8]

2e16-7521

2t21-7510

1¢ these TWO tows &are disrecarcec, the River Herrinc catch, 222 to~s (929%),
woul@ be (0026 which 1s et the lo~est formula figure. The Dutch nets are
capable of catching 140 M/T one to-.

1n spite of this, the cota) catch is 005 of the total mackerel caucht which

ic in line with the Polish catch

rtlantic Mackerel catch
ri-. Arciszeski - average tOw
Kulbin - averace tow

River Herring By-Catch

% Dolish Mackerel =+ch of Toct=zl
s Datch Mackerel Catch of Totzl
To sumarize, the Polish in spite oI na

staller nets &
as the Du tch. e
Councils.

pe*ca“;coe of river
the catch totals set

herring
by the
For information purpcses only:

Dcmestic Fishine - vnreculated:

River Herring Catch 198t - East Ccast
Tota)l Allocation Talfi (incl udes extra 100 1/T)

Total Foreign Telff (psrcentace of domestic)
Foreign J/V Catch Piver Herring (parcentace oI
Datch J/V Catch (pzrcentace of domestic)

Summary

Judeing from the catch datz, it is ezperent tnzt the Dutch
in fact make very ccnsca ientious efforts to limit ths

211 excent two uni o'*u“a;e tows, to a level of

tows,

BcranrqnﬁxétDtheNﬂ%Mda*‘cCamcl June 24th, the fcllowing

5,800 M/T
11.3 M/T
7.5 M/T
.00¢

\0 M
A A

\O \D

caucht the sam=2
are in line with

3,98¢°.
200
.05
.028

.0153

comestic)

Czptain did

River Herrinc catch,
.002 of the M=zckerel

cztch. After these two tows even tighter catch control was placed on
1imitinc the River Herring. The fcllowing letters and memocrancums from;
2 NVES chssrver, the Dated zotzins and Scan Ocean chserver, atiest tc
the totzl recarc and respsct the Do tch Cc““'"C‘ hed for complvingc with
U.S. fishing cuicelines.

M/T
M/T
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would be incorsistent with the
fulfillment of the Foundatica progam.

(c) Lumitotcn. (1) Offers 1half be
requested from as many potential
offerors as is praclicable under the
circumstances.

(2) The conuact file mustinclude ab
sppropriate explanation and support
justifying award without full and open
competition. a3 provided in FAR 8.303.
excepl that determinations made under
paragraph (b)(3). of this section will not
be subject to the requirements for
contracting officer certification or.to
approvals in accord with FAR 8.304.
ADF Agency Number 110310006
ADF BOAC Number 953201
December 1.1987.
leonard H. Robinsoo. Jr.,
President. Afaicen Deveinpment Foundcﬁlén,
[¥R Doc E7-28285 Filed 32-10-87: 8 45 am)
BILLING COOC € 116-01-M -

DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric’
Administration ;

50 CFR Part 655

" |Docket No. 71264-7264]

Atlantic Mackerel, Squid, and
Butterfish Fisheries

AGENCY: National Marire Fisherics
Service (NMFS]. NOAA. Coinmerce.

AcTOec NoUce of preliminary tnitdal
specifications for 1988 and requests for

commenla.

gt axy: NOAA lssues this notice of
preliminary nitial specifications {or the
1688 fishing year for Alantic mackerel,
squid. and butterfisk. and requests
public comments. Regulations governing
these fisheries require the Secrelary of
Commerce (Secrelary) lo publish
preliminary inftal specifications. This
aclion will provide data and request
comments for NOAA's determination of
the initial specifications for the 1988
fishing year.

0ATE: Comments must be received on or
before January 7. 1388.

A0oRESS: Send comments to Kethi L.
Rodrigues. Northeast Regional Office,
NMEFS, 2 State Fish Pier, Gloucester, MA
01930-3097. Mark on the outside of the
envelope. "Comments on 1388 Annual
Specificaticns™.

FOR FURTHER INFORMATION CONTACT:
Kathi L Rodrigues. 617-281-3600. ext.
324.

SUPPLEMENTARY INFORMATION:
Regulations implementing the Fishery
Management Plan for Atlantic Mackerel,
Squid. and Butterfish Fisheries (FMP)
provide at § 655.22(b) that the Secretary
will publish a notice specifying the
preliminary initial annual ameunts of
the initial optimum yields {10Ys) as well
as the amcun!s for domestic annual
harvest (DAH). domcestic annudl
processing [DAD). juint venture
processing {JVP). and tctal allowable
irvels of furcign fishing (TALFF) for the

speces managed under the FMP. Nota
that DAH «DAP + [VP. No reserves are
provided under the FMP foc any of Dhese
species. * .

Procedures for delermining the lniipl
annual amounls are found at § 85521,
The Secretary is required to publish this
notice on or about November 1 of each
year and to provide a 30-day comment
period on the preliminary specificatiocs
These specilications are based on
recommendations submitted by the Mid-
Adantic and New England Fishery
Management Councils.

The Mid-Atantic Fishery
Management Council (Council). the lead
Council for the FMP, bas prepared an
analysis of the nine economic factors
specified al § 85521(b)(1)(ii). Both
Councils’ recommendations and other
relevant data are available for
inspection atl the NMFS Regional Office
at the above address during the
comment period.

~The following table lists the
preliminary initial specifications in
metric tons (mt) for the allowable
biological catch (ABC). initial optimum
vield (10Y). which comprises DAH (DAP
+ JVP). and TALFF for Atlantic
mackerel. //lex and Loligo squids. and
butterfish. These initial specifications
are the amounts that the NMFS Director.
Northcast Region (Regional Director). is
proposing for the 1988 {ishing year
heginning Januany 1. The maximum
optimum yield (Max OY) is set by the
FMP and provided as a peint of
reference for the proposed
speciiicaticns.

TABLE. —FRELIVMINAZ Y INITIAL AlinCAL SPCCIFICATIONS FOR ATLANTIC MACAEZRAL, SOUID, AND EUTTERFISH #FOR THE 1388 FISHING YEAR, JANGARY 1

THROUGH DECEMBER 31, 1888

(In metic tors)

Squed Atlanle | g oo
! Specilications Mackef- tsh
Lokgo | Mex | o
Max Oyt n D OO OO OSSOSOV POPP PP \ 44,000 | 30.000
- 37,000 | 22.50Q
14,024 17,000
14,000 | 17,000
14,000 | 10.00Q
0 *7.000
24 0

* Maxmmum OYs as stated n the FNP.
* Not appkcatie; see the FMP,
< KOY can rrse 10 ths amount,

“ Includes 14,000 mt prosected recreaonal catch.

'chcverylmlukmng:m
‘For every 9 mt TALFF,

The Regional Director has delermined
that the IQY levels proposed for the 1683
fishing year will provide the greatest
overall benefit to the United States.

O

l@-‘ﬁ‘ﬁ:"

Dee v oad

1 =TT

These levels were set to encourage
continued growth In both the harvesting
and processing sectors of the US.
fishing industry (n accordance with the

L verdores (V). foregn panner o requeed to purchass 1 mt U.S processed Mex
lorega parnec B requred 0 prchase edhec 3 mi o @ pont ventre of 1 U.S processed product

purposes of Lhe Magnuson Act. They

" were selocted after meetings and

discusilons with the Council,
consldering tnformation from indystry



h A

v

P B . . }
ups a- 2 foregm DaU-LA
‘r:;rtt(.’.'.'s‘..vd. and review of the
performance ol US. fishermen.

processors. projected domestic landings.

and point venture tnformstion

The Initial Loligo 10Y is se! ats level
which results in 8 JVP of rero The
Council projects that domestic
processors have the capacily ur\d tntent
to uilize the entire amount which {s
rensonably expected 1o be harvested
This is the DAH amount. Both Councils

~indicated a need for an Illex 10Y which

allows for 8 DAH amount 7,000 m!
above the amount domestic processors
have the capacity and intent to utilize
The Regional Director has agreed with
this recommendation including the
stipulation that [VP partners mus!
purchase one mtof U.S.-processed llex
{or every four mt of [VP amounl
rece:ved.

Domestic 1andings of Loligo for 1987,
excluding joint venture harvest. are
expected to be about 10.000 mt. The
Council has projected an improvemen

for the 1986 fishing year. setting the IOY

at @ level which results in & Loligo DA
of 14.000 m!. [/lex landings for 1987 are
expected to reach approximstely 6.500
mt. However. given that the propused
198% IMlex JVP is 7.000 mt. the Regionzl
Director has agreed with the New
Frgland Council's recommendation thai
the 10Y for lllex be sct at a level which
=ilows for a DAP of 10.000 mt. thereby
sciting DAP potential at a levc! higher
inan JVP.

As in the previous fisking year.
specil:calions give priority to domestic

" users. Sguid 1QYs. as propescd by beth

the Mid-AUantc and New England
Councils are set 8t bavels which provide
squid TALFTs 8! bycatcd kevels oaly.
according to the formuls sstablished In
tbe PMP. Lohgo TALFT bs sufhicdent to
vide for the AUanUc mackerel
m@ fishery. As o 1987, the Counclil
bas recommended an Jllex 1OY which
results in an Jllex TALFF of xero based
upon iU recommendation thal here be
no foreign directed fishing for silver and
red hake during 1988. Thercfore. there is
no need for a bycatch TALFF of lllex.

The annua!l specifications for the
hakes have pol been completed at this
lime nor have any spplications for
foreign fishing been received. Until the
hake specifications are determined. and
allocations for foreign fishing made, the
Regional Director proposes to set the
Hlex 10Y at a level which results
initially in an J/Jex TALFF of zero. 1f &
directed Nshery for hakes by foreign
nations is allowed during 1988, the
appropriate bycatch. as specified in the
FMP. will be added to the TALFFs.

The Atlantic mackerel ABC amount
has been increased because of the
continued rebuilding of the mackere!
stocks The Atlantic mackerel 1OY bas
been set at & level that allows for
TALFF and JVP smounts to
accommodale the applications for
forcign fishing reccived to date. The
Counci! further recommended thal, for
this year, the foreign nation Le required
to purchase either 3 mt of Atlantic
mackerel in a joint venture or 1 mt of
U.S.-processed product for every 8 mt of
TALFF. The Councii intends to
recommend thal the foreign pariner

mwake 2 jolnl venture parcosasewsd s
processed product purchare for Babing
ysas 1960 The 1800 ratio of TALFP 1o
required purchases may be modified to
reflect any change in world market and
supply conditons.

The Regiooa! Director has adopted the
Counclil's 1988 recommendation for
Auantic mackerel as well as
recommendations that forelgn fishing
applications stpulate thet any Atlantic
mackerel product taken or purchased
will not appear o North American
markets and that preference be given to
foreign vessels having at least a 30 mt
per day processing capacity and
refrigerated ses water holding tanks.

In accordance with the provisions of
the FMP. a butterfish TALFF of 48 mt is
provided for bycatch in other fisheries.

The Councils’ recommendations. and
a!l public comments on the annusl
specifications will be considered in the
final decision. which will be publiched
in the Federal Register.

Classification

This action is authorized by 50 CFR
Part 655 and complies with Executive
Order 12291.

(16 U.S.C. 1801 et s¢q)

List of Subjects in 50 CFR Part 655
Fisheries. Reporting and

recordkeeping reguirements.
Daicd Drcamber 8,137

James E Douglaw r.

© Deputy Assisinnt Administiotor For

Fisheries, Natienal Marine Fisheries Service
|FR Do 87-23533 Filed 12-8-87. 4:37 pm]}
BIL G CONOU 3310-27-4
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STATEMENT PREPARED BY COMPLIANCE INSPECTOR

MICAH KIEFFER ON 04/20/87

It has been brought to my attention that the question has arisen as to
whether or not the Dutch are making efforts to avoid large river herring
catches. I worked on board the 7eeland as a fisheries compliance inspector
along with Captain Pleter de Viet. 1In my opinion, Captain de Viet was
conscious to the sensitive nature of river herring bycatch. I witnessed
Captain de Viet retrieve his fishing gear after he decided the sonar “marks”
which were set upon by his first mate were not mackered, rather river herring
or menhaden. At no time did I find it necessary to suggest to Captain de
Viet that we move to another area due to river herring bycatch.

It is my understanding that this statement could be presented during the

fisheries council meeting.

Compliance Inmspector
Micah C. Kleffer

04/20/87



Dezr Sirs:

The Zeelans under my cormanc worres in the U.S. Mackerel Fichery 1887
from January i4th 1987 to March 7th, 1987. Daring thas time 1 caught 2772

tomnes of Macrere! and received from U.S. Vessels 514 tonnec.

1 an very aware of the restricticns anc the minimel amcunt of River
Herrinc that was available to the Dutch fleet, and to the best of my
anilities and with full use of all my electronic eguipment, 1 trieZ at
211 times to avcid the catchinc of River Herrinc during my search Icr
Mackerel.

Unfortunately, cut of my total of Mackersl, 1 caucht 24.0 tonmnes
c? Fiver Rerring; the largest amounts being 17.0 tonnes.in one hzaul
t=z+ 1 was powerless to avoid as befcre settinc my traul, 1 hac criss
: trackes cver ths area 1 intencel to fish with my gea® still

c

on board ané seen only mackerel indications on my sonar ancé two fisnh
scopes. Then after settinc the traul znZd taxinc one swzll mackerel &
2 ma-k oF River Herrinc suddenly acpsared cn Ky net souncder by which time
it wes alrezdv enterinc my net. 1 hauled Immediately anc found 1 hac 1
tcanes of Herrinc much to my regret. On many occasions 1 have seen macke
indicaticns but have dscided not to fish as there were some River Herring
marks in the same aresz. .

1 would like to state that myself and
cooperation in U.S. waters and in the past
cpoortunity to fish here and hops to contin

my crew have enjoved good
ani are grateful for the
ue to do so in the future.

Caotzin Pete Dellict
FMEV Zesland



¢ SCARE GOESN BING
[~ - B3 EENG B
To whom 1t May Concermn:
Dear Sirs:

1 have taken part in the last three mackerel seascne, fcur vezr:z, that
the +ch vessels have been in U.S. waters and ccntrary 1O IepoIts, it has
bs=n my experience that the Dutch czptzins, with the full use cf aill thsir
ecuipmant, 4o take positive measures to avoicd cziching Piver Herrinc. 1t
car be verified by official log books and N'TS ozservers thzt when ths
River Herrinc is taken, it is usually part of & large haul beck cf mackerel.
r2ny hauls are in excess of 100 tons and with larce concentraticns of fieh
1ike this arcund, ‘it is Gifficult if not impessible to pinpoint sm2ll
inSicztions of River Herringc &ming the mackerel lb“‘cC*lons and they ars
o~lv aware of the River Herring aiter the hzulbec:

1 woulé alsc like to point cut that the Dutch cacttzins are aware cf ths
River Herrinc problemn ang in many instances have teafed awey fram same arezas
where River herrln” indicaticns have been identified alonc with the mackerel.
Also the Dutch appreciate the opoortunity to fich in U.S. waters ang woulc

like to continue to do so in years to came.

42 Roaoers Sireet Gloucester. MA. 01832 USA

(617) 283-1004 Telex 200278 (SOCE UR)



To Whom 1t Mzy Concermmn:

1 with my vessel Geetrude Margreta have taken part in the U.S.
Mackerel Season 1987 between l4th January and 4th April. Daring
this time 1 caucht 4,281 tonnes of mackerel and took frct U.S.
vessels 400.7 tonnes.

Unfortunately, 1 also caucht 27.9 tonnes of River Eerrinc
derinc my 3 VOV s which varied in positions fram 36°0CN to 40°h.
Daring all my time fishing here 1 took-every precaution possinle
to zveid catching River Herring with full use of all my many £ish
fincdinc electronic appliances that are the newest ané the best
availeble, but still mixed with various cztches of mackerel were
the River Kerrinc. 1 co not take lightly the importance cf the
River Herring issue, as myself and my crew have consicderec fishing
in U.S. waters to be a very important part ci our fiching vear anc
we are orateful to be civen the opportunity to fish here anc hoos
that we can return in the future.

Captain Azd Yonxer
MzV Geertrucds MaIg



To Whom 1t May Concern:

This

cecond for my vessel. During my time here, 13th March to 4th April

1 caucht 1

was my first voyage toO the U.S. Mackerel Fishery, though the

1

676.9 tonnes of Mackerel anc only encounteres a stall amount

T T

of River Herring l.4 tonnes.

3
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1
n

3
t
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{2
0

I/
znount of
zoorenensi
ahout the
fortunzte
veyece to

3 been made aware of the situation by converszticn with Iy
on the other Datch vessels during my passege &ac

but we were very lucky in that we cic cT
River Herring during this vovace. Quite hones
iye about fishinc here after the tclkc with cth
River Eerrinc shoals they had sesn this yezr,
in our time here. 1 would like to nank those who mzisz &Y
S. waters possible and hope to retun in the future.

rf‘
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1 m
1,
m
X
m
<
®
)

c

Captzin Hubsrt Mesuwenicic
MFV Dirk Dirk



To Wnom 1t Mey Ceoncern:

1 have been engageZ in the U.S. mackerel fishery, this year 1987.
Unfcrtunately onlv for one vovace, 6th April to’'l17th April. During
this voyage we had excellent results with very little by catch of
other species (2055 tonnes mackerel) (§.%9tonnes by catch). oOf
the River Herring, we took in the first instance 100 ke included in
one very cood h‘ul of 130 tonnes of mackerel and the other 1.7 tonnes
was taken in the same area where we had been fishing for 10 cavs fcr
a tctal cf 1100 tennes. Suddenly one haul amongst tho mackere! was
1.7 tcnnes cf River ‘Herring so consezu ently we changed our position as
1 am aware of the problems that have arisen this season after conversaticns
with other Dutch Ceptzins who were very aware and concerned with the River
Berrinc situztion this vear.

Fh

{.

Th° lest time the Astricé and myself were in U.S. waters.was two vezrs
aco and like this veyace, was bery good fishing without any problemnc znd
ey”°’1enu cocpzration frum U.S. authorities and fishermen. We look forwe=zd
to futare in U.S. waters.

Captain C.A. Schonenberg
MFV Astrid
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APPENDIX D-5

Habitat acidification Research on Anadromous Alosids®@

Ronald J. Klauda
The Johns Hopkins University
applied Physics Laboratory
Shady Side, MD 20764

Abstract

The freshwater reaches of Chesapeake Bay tributaries serve
as important spawning and nursery areas for anadromous alosids
such as american shad, blueback herring, and alewife. These
streams drain the Coastal Plain, a region characterized as
sensitive to acidic deposition. This physiographic province 1is
overlain by thick acidic soils (sands, silts, clays) with low
base saturation levels. Such solls pOSSesS limited capacities to
neutralize acidic inputs to the lower order reaches of Coastal
Plain tributaries. Major spring storms can stimulate acidic
spates to below pH 6.0 in some streams. These pH depressions are
often accompanied by elevated levels of aluminum (Al).

Under sponsorship of Maryland's Department of Natural
Resources, Power pPlant Research Program, oOuI laboratory is
conducting a series of experiments designed to assess the risk of
alosid populations to habitat acidification. We are measuring
the sensitivity of eggs and larvae of blueback herring and
american shad to pH and Al in the laboratory. Organisms are
peing tested under continuous and episodic exposure designs. We
are also striving to verify the laboratory findings for blueback
herring at a field study site on Lyons Ccreek, a tributary to
Maryland's Patuxent River.

The laboratory experiments demonstrated that moderately
acidic pulses dramatically decreased the survival of blueback
herring yolk-sac larvae. Mortality doubled from 25 to 50% when
the duration of acid-only pulses (pH 5.5-5.6) doubled from 12 to
24 hours during 4-day experiments.. single pulses of 60-100 ng/1
Al (total monomeric form) coincident with acid pulses (pH 5.5-
5.6) lasting 8 and 12 hours killed almost 70% and 100% of the
yolk-sac larvae. Blueback herring embryos (20-24 hour post-
fertilization) were more tolerant than yolk-sac larvae to all but
the most severe treatments: an acidic pulse of pH 5.5-5.6 and 90
ng/1l AL (total monomeric) lasting 24 hours killed 48% of the
embryos. Preliminary laboratory data also suggest that the early
1ife stages of American shad are about as sensitive to pH but
more sensitive to Al, compared to blueback herring.



The relatively dry springs of 1985 and 1986 in Maryland's
Coastal Plain precluded field verification of the laboratory
findings. Studies conducted during spring 1987 also included
field bioassays in Lyons Creek, a Chesapeake Bay tributary used
for spawning by blueback herring that responds quickly to major
storms. In early June of 1985, for example, a 2.3 inch rainstorm
triggered an acidic spate which depressed Lyons Creek pH to 5.83
and elevated total monomeric Al levels to 64 Lg/l with about 4
hours. Our laboratory bioassay results predict that this
combination of acidity and dissolved inorganic Al would be
moderately to highly toxic to blueback herring eggs and yolk-sac
larvae.

arnvited presentation given at a meeting of the Shad and River
Herring S&S Committee sponsored by the Atlantic States Marine
Fisheries Commission, Annapolis, MD, 7 July 1987.
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APPENDIX D-6

OCEAN MIGRATION AND LIFE HISTORY ASPECTS OF ALEWIFE AND BLUEBACK HERRING
IN THE UPPER BAY OF FUNDY, CANADA

by

Roger A. Rulifson
Institute for Coastal and Marine Resources, and Department of Biology
East Carolina University
Greenville, North Carolina 27858

Introduction

In the Canadian Maritime Provinces, alewife and blueback herring (river
herring) are known collectively as "gaspereau'., Canadian fisheries statistics
report landings under thne heading "alewife'. Blueback herring are not common in
Canada. Specimens have been collected in Nova Scotia from Cape Breton Island
and the Shubenacadie-Stewiacke watershed, and in New Brunswick from watersheds
emptying into the Bay of Fundy. Blueback herring are abundant along the USA
eastern seaboard from New England south to Florida. Alewife are very abundant
in Canadian waters from Newfoundland through New Brunswick, and 1n USA waters
south to the Carolinas. Blueback herring contribute little to the riverine and
estuarine gaspereau harvest each year.

Gaspereau are harvested from rivers and estuaries in the spring using drift
gillnets, pound nets, and square nets. Ocean (Bay of Fundy) harvest is by weir
and pound net from late June through July and August. Gaspereau are pickled in
salt brine and packed for export, primarily to the country of Haiti. A portion
of the harvest is consumed locally -- either salted or smoked —-— and used also
for lobster bait. Highest commercial landings are in northern New Brunswick and
Cape Breton (Figure 1). Landings were highest in the early 1950s (Figure 2);
landings data since 1973 have not been compiled. ‘

Recent interest in developing a strong interjurisdictional management plan
and increasing concern about potential effects of Canadian tidal power
development precipitated this study. Objectives of my study were: (1) to
determine rivers of origin of river herring in the Bay of Fundy; (2) to
determine the relative coatribution of U.S. river herring stocks to the Canadian
gaspereau fishery; and (3) to estimate potential effects of tidal power
development on stocks through determining local and long-distance migration
patterns. The study was funded by the National Marine Fisheries Service, the
State of North Carolina, and East Carolina University under the auspices of the
Anadromous Fish Conservation Act (PL89-304). Additional support was provided by

Fisheries and Oceans Canada, the Fundy Weir Fisherman's Association, and the
Hudson River Foundation.

Study Site

The Nova Scotia side of the upper Bay of Fundy was selected as the study
site: (1) because of its possible role in tidal power development; and (2)



because of the presence of an active commercial welr fishery. Minas Basin
(Figure 3) 1is the larger outer embayment dominated by cool, clear seawater from
the Bay of Fundy. Cobequid Bay is the shallow elongated headwater of Minas
Basin; waters are warmer, brackish and highly turbid. The two areas are
separated by landward projections at Economy Point and Teannycape, which is the

most likely site for construction of a tidally-driven hydropower station (site
B9).

Methods

Ocean tagging and life history studies were conducted in 1983, 1985 and
1986. The majority of the work was accomplished in 1985. Gaspereau catches
from two weirs in Cobequid Bay (near Economy) and one weir in Minas Basin (Five
Islands) were monitored on each low tide from July through October 1985. Fifty
gaspereau were subsampled from each catch (season total = 6,500) for laboratory
examination to determine species composition, sex ratio, length frequency
distribution, gonadal maturity, and fat deposition. Only the species
composition and sex ratio data are summarized in this report. Fish were tagged
with Floy FD-68B anchor tags and released back into the weir. Additionally,
gaspereau were caught by midwater trawl towed by the Canadian research vessel
J.L. Hart positioned between Economy Point and Tennycape. Fish were tagged
and released in the manner described above. Tags were imprinted with individual
numbers and bore either a North Carolina or Canadian return address. A total of
18,958 river herring were released during the study: 3,584 in 1983; 13,428 in
1985; and 1,946 in 1986. July was the best tagging month (10,211 tags
released), followed by June (7,745) and August (1,002). Fall-run fish were too
small for tagging. The tag return rate has been low, perhaps due to the (mass
harvest) fishing and processing methods employed by various river herring
fisheries along the Atlantic seaboard.

Blueback Herring

Results indicate that most blueback herring in the upper Bay of Fundy are
probably not of local origin and therefore must exhibit long distance migration
typical of the American shad (see Dadswell's companion report). Blueback
herring dominated river herring catches in both bays during July and August of
1985 (Figure 4). Late July Minas Basin catches were 70-100% blueback herring a
major portion of the time., Alewife dominated from mid-August through October,
with the occasional reappearance of bluebacks in late September and October.
Most blueback herring were sexually mature; some juveniles migrated through
Minas Basin in early July and again in late September and October. The
male: female ratio varied between 30% and 70% until the appearance of juveniles
in late fall; no distinct patterns in sex ratio were observed.

In Cobequid Bay, bluebacks comprised 50-70% of river herring catches during
July (Figure 5); few adult bluebacks were present in samples after that time.
All bluebacks in late fall were juveniles, suggesting local origin. No patterns
in sex ratio were apparent.



Tag returns indicate that blueback herring move through Minas Basin into
Cobequid Bay within a one- to two-day period and remain there for only several
days before leaving the system (Table 1). Tagged blueback herring have been
recaptured on natal spawning grounds as far south as the Roanoke River, North
Carolina (2,400 km) one to two years after leaving the Bay of Fundy.

Alewife

Alewife in the upper Bay of Fundy are probably of regional and local
origin, but may include fish from New England stocks. Alewife dominated river
herring catches in Minas Basin from mid-August through October (Figure 4). In
Minas Basin, most alewife were sexually mature; some juveniles moved through the
area in mid-July and mid-September. The sex ratio varied wildly on a daily
basis in July but stabilized later in the season. No sex ratlo patterns were
apparent.

In Cobequid Bay, alewives made up to 50% of river herring catches early in
the season, then dominated catches from mid-August through October. Maturity of
these fish varied widely throughout the season; large numbers of juveniles were
observed on numerous occasions in 1985. Alewife catches were dominated by
females.

Tag returns suggest that alewives move more slowly through the upper Bay of
Fundy, then return to offshore waters. Alewife pass quickly through Minas Basin
and spend up to three weeks in Cobequid Bay (Table 1). Recaptures of alewife
from spawning grounds in Nova Scotia rivers draining into the upper Bay of Fundy
(Shubenacadie, Gaspereau), and from rivers draining into the Atlantic Ocean
(Tusket, Wellington), indicate that local and regional populations frequent

~upper Bay of Fundy waters during the summer. The lack of alewife recaptures

from USA waters may be an artifact of low population biomass for USA stocks as
indicated from data presented by ASMFC member states at the Shad and River
Herring S&S Committee meeting in Annapolis (June 7-9, 1987).

Conclusions

1. River herring are capable of migrating long distances (over 2,000 km)
in ocean waters of the Atlantic seaboard. ' ' .

2. Patterns of river herring migration may be similar to those of American
shad, but low numbers of tag returns preclude detailed analysis.

3. U.S. river herring, primarily blueback herring, contribute to the
Canadian ocean fishery for gaspereau, but probably are not involved in the river
fishery. .

4. Alewives in the upper Bay of Fundy are mostly of northern stock origin,
perhaps an artifact of reduced population levels in the U.S.

5. Cobequid Bay acts as an extensive nursery and feeding area for the
species, up to three weeks and more during summer months.

6. Tidal power development in this area will no doubt alter water
circulation patterns and affect fish migration patterns. River herring stocks

as far south as North Carolina will be affected, but the extent of impact on
U.S. stocks 1is unknown.



Fig. L. Relative contributions of commercial landings
of river herring in Canadian Maritime
Provinces from 1957-1973.
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Table 1. Number of days at liberty and distance traveled of alewife and blueback herring marked and
released in Cobequid Bay and Minas Basin, Nova Scotia, during 1985.
1986 1983
Distance
from Klewi fe Blueback herring Unidentified
Recapture release Days from release Days from release Days from-release
Site site (km) n avg. min. max. n ~avg. min. max. n avg. min. max.
Cobequid Bay, NS 0-22 8 9 3 18 2 3 1.5 4.5
Minas Basin, NS 0 17 <1l 1 7 16 <1l 1 2 2 158 4 311
Shubenacadie R., 35 2 506 350 663
NS
Gaspereau R., NS §5-60 s 1350 327 377 8 356 310 366
Tusket R., Yarmouth 350 . 1 - 666 666
Co., NS
Wellington, Lunenburg 550 1 - 37 3317
Co., NS
Ipswich Bay, 660 1 - 153 183
Cape Ann, HA
Wicomico R., 1,800 1 - 304 304
Salisbury, MD
Roanoke R. and western 2,300-2,400 3 331 240 623

Albemarle Sound, NC
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STUDIES OF AMERICAN SHAD IN THE SAVANNAH RIVER
Mr. Richard Eager
USEWS
7030 Bear Bluff Road
Wadmalaw Island, SC 29487

The U.S. Fish and Wildlife Service, in concert with the U.S. Corps of
Engineers and the states of Georgia and South Carolina initiated a tudy in 1986
of anadromous fish on the upper Savannah River.

An excellent recreational fishery for American shad had developed at the
New Savannah Bluff Lock and Dam (NSBLD) near Augusta, Georgia, ca. river mile
187. Potential development and water use at and above the Lock and Dam prompted
the study.

Providing passage for American shad and other anadromous fishes to the
twenty miles of excellent spawning habitat above NSBLD in low water years was
investigated. A successful regimen of gates and valves operation has been
developed which allows for lockage of American shad on their spawning migration,
regardless of river flow conditions. Low water year passage through the dam
gates was investigated but proved unsuccessful without excessive water usage.
An eighteen foot blockage to fish passage was negated.

The 1986 year class out-migrants were counted as theybpassed NSBLD. At
least 70,000 American shad passed through NSBLD dam gates betwéen September 26

and December 5, 1986 on their run downstream. Growth rates in the upstream

nursery area were monitored and will be compared to 1987 rates for the same

area.



The Savannah River receives hypolimnetic releases from COE Clark Hill
Reservoir. The highest summer water temperature recordings at NSBLD are about
71°F (21.6°C). The cool water temperatures may account for the smaller mean
sizes when compared to those reported for hatchery released American shad to
the Susquehanna River. Adult American shad were still in the NSBLD area

July 16, 1987 (69°F) but only emaciated males were captured.
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Summary of Activities Related to American Shad and River Herring
Arthur J. Lupine

New Jersey Division of Fish, Game and Wildlife

Delaware River American Shad Population Estimate

In 1986, mark and recapture data vielded a population estimate of 595,407
+ 231,060 at a 95% confidence interval. The 1986 estimate was the highest
recorded since the monitoring program begin in 1975.

Although a population estimate was not conducted in 1987, information gathered
from various sources suggests that this year's spawning run was equal to,

and perhaps, was larger than in recent years.

Delaware River American Shad Population Estimates from 1975 to 1986

Year Petersen Method Schaefer Method
1975%* 118,700 + 93,733

1976%* 178,760 + 96,150 150,187
1977+ 106,202 + 65,058 88,415
1978%* 233,060 + 171,126

1979 111,839.+ 82,191 101,249
1980 181,880 + 55,058 137,641
1981 546,215 + 133,590 551,599
1982 509,102 + 176,680 450,200
1983 249,578 + 87,342 212,428
1984 _ N .
1985 _ -
1986 595,407 + 231,060

* Conducted by the Delaware River Basin Fish and Wildlife Management
Cooperative Fishery Project.

American shad commercial landings in New Jersey* 1979-87

Year ~ Pounds (x 1000)
1979 149
1980 293
1981 264
1982 391
1983 233
1984 293
1985 292
1986 335
1987 262

* Includes Raritan Bay, Atlantic Coast and Delaware Bay.




The juvenile American shad CPUE* for the Delaware River, 1979-1986

Year CPUE (shad/seine haul)
1979 64.5
1980 125.0
1981 172.0
1982 152.9
1983 339.0
1984 248.7
1985 191.5
1986 203.0

* mean of 5 sampling stations.

Since 1979 juvenile shad production has gradually increased with a strong
year-class in 1983. However, based on the data gathered, juvenile shad
abundance hasn't changed significantly since 1984.

Net licenses issued in New Jersey 1984-1987

Type of Net Years

¢
1984 1985 1986 1987

Drifting gill net 198 226 253 221
Staked and anchored 746 672 942 910
Drifting shad : . 39 41 * *
Staked and anchored shad 57 48 * *

# Changed to new license forms.

American Shad Restoration
Raritan River

Adult shad returnees were captured in 1986 and 1987, natural reproduction
was confirmed in 1986 with the collection of juvenile shad in the lower
non-tidal section of the Raritan River. The adult returnees were probably
a result of adult shad transfers from the Delaware River.

Investigation of Shad Spawning Runs

In 1987, adult shad were collected in the Maurice River and Rancocas

Creek*. This was the first time adult shad were found in Rancocas Creek

in many years. Also, young shad were collected in the Salem River. Scale
examination indicated that these shad over-wintered in the Salem River estuary.
Adult shad were not found in the Salem River.

* Documented by Versar, Inc.



River Herring Restoration (D. By

A fishway designed by the US Fis
Lake Takanassee in February 1987
were observed using the fishway
transferred to Lake Takanassee.

rne/Marine Fisheries)

h and Wildlife Service was installed at
at a cost of just under $9,000. Two herring
during the spring. Adult herring are to be

Shadow Lake is to receive a fishway sometime in 1989. Also, barriers at

Tuckahoe and Fenwick Rivers will
Delaware River Angler Utilizatio

In a cooperative effort with the
by the Delaware River Shad Fishe
harvest and economic survey of t
was completed in 1986. A copy ©

be modified to allow herring passage.
n and Economic Survey

US Fish and Wildlife Service and funded
rmans Association, an angler utilization,
he American shad fishery in the Delaware
f the final report is attached.
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ALEWIFE

AMERICAN SHAD




SHAD

The American shad (Alosa sapidissima) was once abundant in the larger
coastal rivers of Massachusetts, but today only four systems; the North River
in Scituate, the Palmer River in Rehoboth, the Merrimack River and the Connec-
ticut River, have runs capable of supporting a sport fishery. The Massachusetts
Division of Marine Fisheries (DMF) adult shad stocking effort has centered
on two historic river systems in the Commonweélth: the Taunton River, 40
miles in length and watershed drainage of 530 square miles; and the state's
largest river, the Charles, at 80 miles in length and a drainage’of 307 square
miles.

Since }971, DMF has annually transported eggs or gravid adult shad from
the Connecticut River into the Csarles or Taunton River systems. Initial
stockings were actually begun in 1969 with placement of hatching boxes-in the
Nemasket River, Middleborough, a major tributary of the Taunton. Approximately
sixty million eggs and over 17,500 prespawning adult‘fiSh have been trans-
ported in the course of the program.

Work in the Charles River began with the stocking of 436,700 fertilized
eggs. During the next seven years, approximately ten million eggs were
transferte@ to the river's potential spawning sites before transport of pre-
spawning adults replaced the fertilized egg program. Since 1978, 12,503
running ripe fish, roughly 1,250 per year, have been introduced to the spawning
grounds along the Charles River. Due to the large size of the riQer gystem
and the small number of documented returns tobdate, the stocking level was
increased with approximately 2,150 adult fish deposited at the river's two

stocking stations this spring.



Year

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

Massachusetts Shad Transport

Live Stockings, 1978-1987

Charles River

853
1,034
1,246

865
1,145
1,384
i,ZOl
1,362
1,282

2,150

Taunton River

65
262
962
886
312

886

1,009
424

211



Year

1969
1970
1971
1972
1973
1974
1975
1976
- 1977

1978

Shad eggs stocked for restoration purposes, 1969-1978.

Merrimack

1,102,200
2,481,600
2,545,400
4,470,400
3,963,600
6,473,500
1,667,600

779,900

Total: 23,484,200

Charles

436,700
946,000
1,000, 600
1,715,600

1,574,100

2,989,800

773,200

9,436,000

-River:

Agawam

564,300

748,000

1,312,300

Taunton
579,750
1,530,300
1,092,400
3,175,750
1,666,000
4,255,900

1,698,100

6,045,600

2,881,900

2,082,600

25,008,300

The number of shad eggs stocked in the Massachusetts rivers listed

above totaled 59,240, 800.

An additional 3,491,600 eggs were stocked

in the Northfield River and 6,440,150 eggs were provided to other
state agencies, universities, and private organizations for stocking

and ‘research purposes.

A total of 69,172,550 eggs were taken from

= 59,240,800

the ‘Connecticut River by the Massachusetts Division of Marine Fisheries

between 1969 and 1978.



Box trap sampling in the Watertown fishway (the second upriver obstruc-
tion) has produced 30 natal returns since the spring of 1984 (four 1984,
ten 1985, fourteen 1986, two 1987). Fish ranged in size from 18-24 inches
total length and 2% - 64 pounds in weight. An additional number of uncon -
firmed sightings have been reported to Division personnel both in the Charles
River and at the Amelia Earhart Dam locks of the Mystic River, which also
empties into Boston Harbor approximately 1 kilometer north of the Charles River
discharge. Until the spring of 1985, upstream passage was restricted to the
base of the 4th river obstruction, the Bleachery Dam. Following breeching
of this dam and modifications and new comstruction at other locations by
the Metropolitan District Commission (MDC) fish will now be able to pass
through river obstruction number seven to the base of the Metropolitan Circu-
lar Dam, river mile nineteen, adding an additional 250,000 square yards of
suitable spawning area.

As previously mentioned, restoration work in the Taunton River commenced
two years earlier than the Charles. During the ten year period from 1969
to 1978, over 25 million fertilized eggs were deposited within that system.
As with the Charles River, adult t;ansplants were selected over egg transfers
for propigational purposes in 1978. Five thousand and seventeen Connecticut
River fish were stocked into the Taunton Rivér o&er the next decade. No
documented returns have yet been recorded, however, anecdotal reports have
been received on several occasions. No juvenile production has been documented
for the river's upper reaches, howeﬁer juﬁenile and young shad have been
collected by otter trawl and from intake screen washes at the Brayton Point

Power Plant, Somerset, Mass.



Massachusetts Commercial Landings
(actual pounds reported landed in MA ports)

Year

1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1966 - 1987

Alewives

6,633,000
5,432,000
117,000
100,000
1,156,000
222,000
1,907,000
695,000
229,000
1,717,000
45,000
132,000
620,000
(D

NR

NR

NR

(@Y
111,000
NR

NR

?

(1) = less than 500 1lbs.

NR = none reported

Shad

12,000
509,000
2,000
5,000
1,000
NR
1,000
1,000
3,000
2,000
NR

(1)
(1)
2,000
8,000
17,000
29,000
13,000
30,000
22,000

60,000
?

I

N
—
~’

~AABAAIR



River Herring

The alewife or "herring" is the most abundant anadromous fish in Massa-
chusetts. Many of the herring tuns of the Commonwealth, of which there are

more than 100, support two species of "herring", the alewife (Alosa pseudoharengus)

and the blueback herring (Alosa aestivalis) and although the biology of the

species is different for purposes of management or utilization they are con-
sidered the same.

For the past four years, DMF has studied the spawning migrations of the
alewife and blueback in the Monument River, Bournedale system. Total counts
of the combined runs have ranged from approximately 176,000 to 235,000 fish
for the 190 hectare system. Estimated sizes of the alewife population ranged
from a low of 111,000 (l986),to'i31,000 (1984) while the smaller blueback
population was between 53,000 (1987) and 105,000 (1984) fish.

Commercially harvested by the town of Bourne, harvesting ievels have
been calculated to be between 172 - 417 of the combined yearly populations.
Trend analysis of the town catch data through 1986 is attached.

Although population numbers are well below historical levels, counts,
age structure, and harvest data from this run support the belief, based on

field observations, that these stocks are evidencing relative stability.



Alewife and blueback herring spawning runs in Monument
(Herring) River, Bournedale Massachusetts:

Year Total Counts
1984 235,354
1985 178,031
1986 186,537
1987 175,621

i

Alewife

130,709
124,316
110,803

122,935

#

Bluebacks

104,645
53,715
75,734

52,686

1984-1987.

#

Harvested

47,000
31,320

49,335

Z

Harvested

41.2

26.4

16.8

28.1



River Herring Harvests Monument (Eerring) River

Bournedale, Massachusetts

The Monument (Herring) River run originates in Little and Great Herring
Ponds (= 190 hectares)‘of Plymduth aﬁd Bourmne, Massachusétts:. fhe run 1is
accéssible to‘river herrimg.frcm both Buzzards Bay and Cape‘C5d Bé& via the
Cape Cod Canal. The-Mouumeﬁt River ﬁerring fishery was established in 1834
with passage of fishing restrictions for methods and location of harvest,
limitation on fishing period, appointment of wardens and legisiative provi-
sions for passage of obstacles to migration. 7

Reputed yields of 5,000 barrels of fish a season, maintaining an average
level of 1,500 barrels yearly were reported through 1912, when the fishery was
seriously affected by the dfedging of the Cape Cod Canal. Belding (1921)
estimated the run was reduced to forty percent of its former production
following alterations due to canal construction.

Currently, Bourne Resource Officers seine the town's catching pool twice
a week; three and a half hours per day, providing fish as demand warrants.
Since 1972, harvests have ranged from a low of 65.5 barrels to a high of
' 450.5 barrels averaging 188 barrels per year. During the 1986 fishery
season, oféicers notgd that there were more fish than customers.

Figure 1 presents the CPUE (bushels/hr) rates for the.past fifteen years,
the semi-average time trend line and a four &ear moving average for this data.
Harvest rates evidenced wide yearly fluctuations differing by as'much as a
factor of four. Values ranged from a low ;f 3.7 bushels/hr (1978) to a high
of 16.4 bushels/hr (1983), and averaged 9.3 bushels/hr. BHarvest values

represent fish taken from both the alewife and blueback herring populations



which share this spawning area. Spawning runs overlap from late April to

approximately mid to late May.

Semi-average analysis indicate a CPUE increase of one bushel per hour

between 1975 and 1983 or 0.12 bushels/hr per year. Trend values T (bushels/hr)

generated from this computation are presented below.

Year 72 73 74 75 76 77 78 79 80 81 82 83 84 85

T 8.5 8.6 8.7 8.8 8.9 9.0 9.2 9.3 9.4 9.5 9.6 9.8 9.9 10.0

86

10.1

Literature Cited

Belding, D.L. 1921. A report upon the alewife fisheries of Massachusetts.

Mass. Div. Fish Game, Mar. Fish. Ser. No. 1. 135 p.
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INTRODUCTION

Since the turn of the twentieth century, the American shad and other
diadromous fish stocks on the Atlantic Coast have declined drastically.
The harvest of shad from the Delaware River between 1896 and 1901 was the
largest from any river system on the coast. Harvest estimates of up to
4 million fish in the late 1890's demonstrate a dramatic contrast to the
average yield of 9,200 shad recorded during the early 1970's. At one time
extensive shad spawning and rearing occurred throughout the tidal and
non-tidal waters of the Delaware River Basin. Although present spawning
and nursery activity occurs primarily in the upper reaches of the main
stem, recent indications are that increased spawning and nursery activity
is taking place in the lower river and upper tidal zone (Weisberg, et. al,
1987). A substantial sport fishery also exists in the upper Delaware River
where an angler use and fish harvest survey conducted in 1982 determined
an average catch of one American shad per angler trip, in more than 17,000
trips (Hoopes, Lahr and Billingsley), 1983). A more recent survey conducted
in 1987 indicated a similar average catch of 0.87 American shad per angler
trip in more than 65,000 trips (Miller and Iupine, 1987).

The Delaware Basin Fish and Wildlife Management Cooperative (DBFWMC)
has recognized the need for a unified approach to management of the inter-
state fishery resources of the Delaware River Basin. Through its repre-
sentation it has provided an excellent forum and the expertise necessary for
developing a comprehensive fishery management plan. Strategic and operational
plans for American shad were the first to be formulated and they have served
to provide the initial step toward development of a comprehensive fishery

management plan for the Basin which will include other pertinent diadromous
and resident species.

A comprehensive fishery management plan on the Delaware River Basin
would not be complete unless it contained provisions for adopting the
necessary measures for restoration and management of the diadromous fishes
of historic importance, particularly American shad, in the Schuylkill and
Lehigh Rivers. '

The style and format of this plan follows that used by the DBFWMC
for the "Strategic Fishery Management Plan for the American Shad (Alosa
sapidissima) in the Delaware River Basin," to assure continuity and con-

sistency in the overall management goal and objectives for American shad
in this Basin.



Restore and manage American shad, Alosa sapidissima, in the Schuylkill
and Lehigh Rivers for optimum sustainable yield and public benefit.

*4.

*5.

OBJECTIVES

Restore annual migrations of American shad to the Schuylkill and
Lehigh Rivers.

Achieve an annual spawning population of 300,000 to 850,000
American shad in the Schuylkill River.

Achieve an annual spawning population of 165,000 to 465,000
American shad in the Lehigh River.

Provide 60,000 to 170,000 sport angler trips, having a
recreational value of $1,524,000 to $4,318,000 annually, for
American shad anglers on the Schuylkill River.

Provide 20,000 to 100,000 sport angler trips, having a
recreational value of $508,000 to $2,540,000 annually
for American shad anglers on the Lehigh River.

* These values are based on average expénditures of $25.40 per angler
' trip on the Delaware River (Miller and Lupine, 1987).



RATIONALE FOR OBJECTIVES

Commercial harvest statistics for American shad from the Delaware
Basin during the 1890's indicated that the population numbered in the
millions (Stevenson, 1899). It can also be assumed from the limited but -
significant information on other diadromous fishes, such as the river
herrings and American eel, that their numbers were also substantial, even
though dams erected in the early 1800's had blocked their utilization of
the Basin's two largest tributaries, the Schuylkill and Lehigh Rivers
(Mansueti and Kolb, 1953). The true impact of the construction of these
dams on the diadromous fish populations in general will never be known,
but their presence has effectively prohibited these fishes from utilizing
significant portions of their historic spawning and rearing grounds for
more than a century and a half. Other major factors such as water quality
degradation and commercial overfishing have also contributed heavily to the
recent catastrophic population declines in diadromous fishes, especially
Arerican shad, along the Atlantic Coast. These factors are being seriously
addressed, but even their total resolution cannot assure restoration of
diadromous species to waters blocked by dams. Therefore, the provision of
fish passage facilities at all existing dams on the main stems of both
rivers is absolutely essential if an optimum Basin restoration program is to
be realized. Fishway design and construction can be accomplished in concert

with the development of low-head hydropower generation projects now under
consideration at all existing dams.

A concerted program for American shad restoration and management in the
Schuylkill and Iehigh Rivers will not only serve to correct the long-
standing and serious man-indiced prohibition of this valuable species from
its historic ranges, but will simultaneously provide facilities for restora-
tion of other valuable diadromous species. The increasing need for food and
recreational fishing, particularly in the heavily urbanized areas along both
rivers, provides substantial justification for these restoration and manage-
ment efforts. It is sobering to consider that millions of American shad
were commercially harvested from the Delaware River in the late 1800's even
without the benefit of recruitment from the blocked Schuylkill and Lehigh
Rivers. These historic harvest records not only indicate the high productive
potential of the Delaware River, but also imply that the restoration of
between 100 and 200 additional miles of historic spawning and nursery
habitat on these major tributaries will have a substantial positive impact

on American shad populations both in the Basin and along their entire
Atlantic Coastal range.

SCHUYLKILL RIVER

Until the construction of dams in the early 1800's, American shad annually
migrated as far upstream as Pottsville, 120 miles from the confluence with the
Delaware River. Implementation of pollution abatement programs in recent years
has resulted in significant improvement in water quality to the extent that
in 1973 the Pennsylvania Fish Commission initiated a four year study of the
feasibility of restoring shad to the Schuylkill River (Marshall, 1974). This
study revealed that American shad were present below Fairmount Dam, 9 miles

-3-



from the confluence with the Delaware River, on a total of 18 out of 26
days of sampling in 1974, 1975, and 1976, and that adult alewife and blue-
back herring and juvenile American eels also ascended the river to that
point. Evaluations of water quality data indicated that no prohibitive
adverse effects on restoration could be expected at least as far upriver
as Felix Dam (River Mile 79) and possibly as far as the Kernsville Dam
(River Mile 100). However, significant pollution problems persisted in
the lower section of river in Philadelphia and the possibility of at least
some effects on migrating fishes did exist.

Studies of invertebrate populations between Philadelphia and Felix
Dam, when correlated with food preference studies of juvenile shad, in-
dicated the existence of a substantial forage base. Fertilized shad eggs
placed in hatching boxes at 12 stations between Philadelphia and Felix Dam
exhibited satisfactory survival and hatching rates. No juvenile shad were
recovered as a result of these egg plantings, but this was attributed to
sampling limitations rather than an indication of failure of the larvae to
survive and grow.

As a direct result of this study, the Fish Commission and the City of
Philadelphia collaborated in the design and construction of a fishway at the
Fairmount Dam. The fishway was completed and placed into operation on
April 2, 1979. Diadromous fishes, including American shad, and more than

30 resident species have passed through the fishway each year since its
installation.

The Pennsylvania Department of Environmental Resources and the Penn-
sylvania Fish Commission have cooperated in deriving conceptual fishway
designs for Flat Rock Dam. However, progress in resolving fishway issues
on this and the remaining upstream dams has been slowed by ongoing con-
siderations for low-head hydropower generation projects.

Structural deficiencies at the Norristown Dam, which is the fourth dam
from the mouth of the river, led to ongoing negotiations with its owner,
the Philadelphia Electric Company, for the. installation of fish passage
facilities when renovation of the structure was to be undertaken. The
Philadephia Electric Company agreed in principle to construct the fishways
but only when passage effortswere also taken at Flat Rock and Plymouth Dams.

Subsequent to the 1974-76 study, an inventory of the river was con-
ducted from 1977-1981 by the Area Fisheries Management staff (Marshall,
1977-79; Kaufmann, 1980-8l). Social, physical, biological and chemical
parameters were investigated. This inventory substantiated the findings
of the previous survey. Coupled with data obtained from the existing fish-
way at the Fairmount Dam in which successful passage of diadromous fishes
including American shad have been documented, and significant survival and
growth of marked fry from stockings in 1985, 1986 and 1987 (Young, 1987),
diadromous fish restoration in the Schuylkill River is now more promising
than ever.



LEHIGH RIVER

Until the construction of dams in the 1820's, American shad annually
migrated up the Lehigh River. From 1973 to 1976 the Pennsylvania Fish
Commission completed a study designed to determine the feasibility of
restoring American shad to the Lehigh River (Marshall, 1974). At the time
of the study, a serious upper river pollution problem existed from the
deleterious effects of coal mine drainage. The area affected extended
from Sandy Run downstream to the Palmerton area (River Mile 35). With the
cumulative effect of the flows of good water quality from several sub-
stantial tributaries, the middle section of river had relatively good water
quality from the Palmerton area downstream to Allentown (River Mile 14).

The lower river from Allentown to the mouth at Easton had generally degraded
water quality from municipal and industrial wastes and significantly reduced
dissolved oxygen levels. American shad eggs planted in the middle and lower

sections of the river, however, showed excellent survival and hatching despite
the problems mentioned. .

Aquatic invertebrate data demonstrated that those organisms known to
form the major portion of the diet of juvenile shad were presented in sub-
stantial numbers throughout the middle and lower river sections.

Despite the positive determinations from the study, the prevailing
pollution problems were deemed to constitute such a significant impediment

to shad restoration that it was not considered feasible until water quality
was improved.

In 1980-1982 the Area Fisheries Management staff conducted an intensive
social, physical, biological and chemical inventory of the Lehigh River
(Billingsley, 1980-82). As a result of this inventory, it was determined
that the overall conditions in the river, particularly in 75 miles of the
middle and lower sections, had improved since the earlier study and is now
suitable for diadromous fish restoration provided that fish passage can be
effected at existing dams. In 1982 and 1983, the Lehigh River Preservation
and Protection and Improvement Foundation, with the cooperation of the Penn-
sylvania Fish Commission and the U. S. Fish and Wildlife Service, transferred
prespawned adult American shad from the Delaware to the Lehigh and placed
shad eqgs at 'several points in the Lehigh for hatching. Juvenile shad
resulting from these activities were captured for the first time in the lower

river later in 1983, therefore verifying the Lehigh's suitability for
restoration.

Then in 1985, 1986 and 1987 the Pennsylvania Fish Commission stocked

marked American shad fry which were later monitored and determined to have
good survival and growth (Young, 1987).

On March 2, 1983, an order was issued to the Pennsylvania Department
of Environmental Resources and the City of Easton to show cause why a final
order should not be sent to initiate fish passage facility construction at
the Chain Dam, which is one of the two remaining dams blocking diadromous
fish migration (Abele, 1983). Negotiations to establish a memorandum of
agreement among the parties to the extent that fish passage facilities at
both the Chain Dam and Easton Dam would be considered and a plan for their



construction would be formulated was postponed due to pending legislation
being considered for financing fishway construction at both dams through
general fund allocations. :

MANAGEMENT PROBLEMS

Several specific management problems must be resolved before restoration
of American shad in the Schuylkill and Lehigh River Basins canbe successful.
There are two major persistent problems in both Basins, the presence of dams
and areas of degraded water quality. On the other hand, there are less
serious problems such as the mechanics of restoration regulation and monitor-
ing restoration activities and how to provide proper angling and boating
access once a fishable population of target species is restored.

Even though some of these perceived management problems may require
little immediate action, they are pertinent to the overall strategy with
which the subject of American shad restoration and management must be
addressed. Using this approach, several specific strategic management pro-
blems have been identified.

DAMS

The Schuylkill and Lehigh Rivers are prime examples of lost historic
spawning and rearing habitat for diadromous fishes. This loss is due to the
construction of numerous low-head dams in the early 1800's primarily for public
and industrial water supplies. These dams collectively represent the major
obstacle, in preventing diadramous fishes, especially American shad, from
reestablishing their migratory runs in significant segments of both rivers.

Investigations are needed on the present uses of existing dams;
the location and status of low-head hydropower development projects and
whether the design of these projects is compatible with an American shad
restoration program; the determination of whether the alternative of
breaching is more acceptable than the construction of fishways; the appro-
priate facility design at each dam to permit both upstream adult migration
and downstream juvenile migration of American shad; and, the ultimate develop-
ment of a prioritized schedule for systematically dealing with the individual
problems at each dam.

Dams located within the two river areas suitable for American shad
restoration are represented in the following charts:



SCHUYLKILL RIVER

River
Mile Dam Location Height Owner
9 *Fairmount Philadelphia 13 feet City of Philadelphia
15 Flat Rock Manayunk 17 feet  Commonwealth of PA
18 Plymouth Conshohocken 8 feet Commonwealth of PA
21 Norristown Norristown 16 feet  pPhila. Electric Co.
34 Black Rock Phoenixville 12 feet Phila. Electric Co.
4?2 Vincent Linfield 7 feet  Commonwealth of PA
79 Felix Reading 17 feet Commonwealth of PA
100 Kernsville Hamburg 29 feet Commonwealth of PA
*  Fairmount Dam now contains an operational fishway.
LEHIGH RIVER
River
Mile Dam Location Height Owner
0 Easton Easton 30 feet Commonwealth of PA
3 Chain Glendon | 20 feet Commonwealth of PA
14 *Hamilton St. Allentown 13 feet Comonwealth of PA

* The Hamilton Street Dam now contains an operational fishway.



WATER QUALITY

Although water quality improvement in both the Schuylkill and Lehigh
Rivers is still necessary, it has been improved considerably in both Basins
during the past ten years to the extent that restoration is now possible.

SCHUYLKILL

The recent Pennsylvania Fish Commission studies and inventories referred
to previously have determined that prevailing water quality would not
prohibit successful American shad restoration up to and possibly beyond
the Kernsville Dam at River Mile 100. However, some localized river
sections in and near major urban areas such as Reading and Philadelphia,

are impacted with significant water quality problems which need further
attention.

General problem areas for uptake of heavy metals and exotic chlorinated
hydrocarbons such as PCB's have been identified and continue to persist
in the lower river area (Brezina and Arnold, 1976). However, the only
diadromous species which would likely be seriously impacted by these
problems is the catadromous American eel, primarily because it resides
in the river system for several years until it reaches sexual maturity.
Continued periodic monitoring of the river water and fish flesh, in
cooperation with appropriate state and federal agencies will be necessary
for maintaining a current status of these problems. ‘

Dissolved oxygen levels, under certain low steam flow regimes, can be pro-
blematic in the urban areas mentioned. With the combination of low
stream discharge, either in spring or autum, and warm water temperatures,
periodic difficulty could be encountered by spawning adults and out-
migrating juveniles. This problem will also require frequent periodic
monitoring with other appropriate agencies to determine its current status.

LEHIGH

The American shad heavily utilized this river until the advent of low-
head dams in the early 1800's (Marshall, 1974). Iater, coal mine and

steel plant wastes and municipal pollution became serious problems even
for resident fishes.

Pollution abatement programs in the upper river coal mining areas,
plus recent improvements in the waste treatment facilities of Allentown
and Bethlehem and the Bethlehem Steel Company have greatly enhanced the
overall river water quality. Even though some pollution problems persist,
diadromous fish restoration is feasible in approximately 40 miles of
river. However, continued water quality improvement would enhance egg
hatching viability and juvenile production. Frequent periodic water
quality monitoring with other state and federal agencies will be necessary,

particularly in the upper and lower river areas, to maintain a current
data base.



ANGLER USE AND HARVEST

presently no fishery for American shad exists in the Lehigh River, but
in the past ten years the sport fishing effort for Amrerican shad and other
diadromous species in the Delaware River and lower Schuylkill River, down-
stream from the Fairmount Dam, has increased dramatically. Although this
increase has been observed, limited angler use and harvest evaluations have
been made to monitor the impact on the stocks.

In any fishery management program, especially one involved with res-
toration of a species, controlling harvest of adult spawning stocks is an
extremely important consideration. Commercial exploitation will not likely
become a factor in the Schuylkill River, at least until such time as signi-
ficant stock restoration is evident and an interest in commercial harvest is
generated. On the other hand, sport fishing exploitation becomes a factor
as soon as stocks are present and the angler has access to them. For this
reason, when restoration begins, as it already has at Fairmount Dam, stringent
use and harvest regulations, perhaps even no kill regulations, must be pro-
mulgated to protect the spawning American shad stocks until restoration
monitoring can produce adequate data to justify more liberal regulations.
Whenever use and harvest eventually begins, a program for assessing these

impacts must be initiated.

Alternative sources of funding such as that provided by the Coastal

zone Management program can be sought to help defray the costs of this type
of assessment.

RESTORATION MONITORING AND REGULATION

Timely and strategic monitoring of American shad stocks, both adult and
juvenile, is necessary to determine the extent of restoration success.

This program must include a means of monitoring the success of each fish
passage facility for upstream and downstream migration of adults and juvniles;
and continued use of such measures as juvenile marking for stock identification
and future returning adult population estimates.

when adequate data become available, current management decisions can
then be made regarding such things as management regulations, passage facility
monitoring and adjusting stocking programs.

STOCK AUGMENTATION

Because stock of American shad have been prohibited from making annual
migrations up the Schuylkill and Lehigh Rivers for over 150 years, some
difficulty in attaining desirable early adult spawning stock numbers may be
encountered following fishway installations. This may result in slower annual
increases in progeny than would be the case if supplementary adult prespawned
stocks were moved from the Delaware River and/or fry and fingerling stockings
were made annually into appropriate areas of each river.

Therefore, a program for transplanting adult prespawned stocks should
be undertaken and stocking of marked fry and/or fingerling American shad should
be in the overall restoration effort. The magnitude of such an increased pro-

gram would depend upon the rate of restoration ultimately desired in the program
implementation phase.



WATER USE AND STREAM FLOW

The water of the Schuylkill and Lehigh Rivers is used for a variety of
purposes, generally categorized as either instream or withdrawal. Examples
of instream uses include fish and wildlife habitat, water quality maintenance,
hydropower and general environmental and aesthetic values. Withdrawal water
uses are those which require the removal of water from its source and include
both consumptive and nonconsumptive uses. Consumptive water use is the sum
of consumptive losses and interbasin and/or interwatershed transfer losses.
Public water supply uses are the major contributor to interbasin transfer
losses primarily through discharge of sewage to a different basin. Major

consumptive uses are power generation, irrigation, manufacturing and public
water supply.

Water use totals for 1980 and a projection for 1990 are as follows:

River 1980 (MGD)
Total Use Consumptive lLosses Interbasin Transfer Losses
Schuylkill *1,154.1 96.7 171.4
River * 474.0 50.7 5.1
River -~ 1990 (MceD)

Total Use Consumptive Losses Interbasin Transfer Losses

Schuylkill *1,276.7 143.7 159.3
River * 516.0 55.7 5.6

* Figures to most significant tenth of an M.
SCHUYLKITLL,

The Schuylkill River is the most heavily reused water in the Commonwealth
and population increase projections for 1990 vary from 10.1% to 57.8% among

the six watershed areas comprising the basin. The prospect for increased
water usage in the future is therefore high.

The only major impoundment on the basin with flow augmentation capability
is Blue Marsh Reservoir on the Tulpehocken Creek. Tt also provides flood
control and water supply.

With a projected increase in use it will be necessary to establish and
maintain adequate minimum flow objectives in the Schuylkill River as close
as possible to historic flows. These objectives will not only assure con-
tinuation of present legitimate use, but also assure critical flows for the
protection and enhancerment of resident fishes and the restoration of diadromous
fishes. The maintenance of critical seasonal flows for American shad nursery
habitat and juvenile outmigration in late summer and autum, must be assured
if restoration is to be successful.

LEHIGH

The Lehigh River presently receives moderate usage, but does not suffer
the high interbasin transfer losses characteristic of the Schuylkill.

...lO_



Population increase projections on the three watershed areas comprising the
pasin range from 7.8% to 42%. Therefore moderate increases in water usage
in the future can be anticipated.

The existing major impoundments on the Lehigh having flow augmentation
potential are the Francis B. Walter and Beltzville Reservoirs. Both impound-
ments also provide flood control and flow augmentation. Francis B. Walter
Reservoir will be modified and enlarged to provide, among other benefits,
additional augmentation flows for present and future uses.

With projected increases in most uses in the future, it will be necessary
+to establish and maintain adequate minimum flow objectives as close to historic
flows as possible. - These objectives will not only assure continuation of
present legitimate uses but also critical flows for the protection and enhance-
ment of resident fishes and the restoration of diadromous fishes. The main-
tenance of critical seasonal flows for American shad nursery habitat and

juvenile outmigration in late summer and autumn must be assured if restoration
is to be successful.

ENTRATNMENT AND IMPINGEMENT

Entrainment and impingement are not major problems in either the Schuylkill
or Lehigh Rivers at this time. However, when American shad restoration is
initiated and greater number of juveniles become available, entrainment and
impingement at existing intakes could become significant, particularly during
juvenile outmigration. Furthermore, existing facilities containing intake
structures should be inventoried and their owners required to adapt these
structures to minimize problems. All new water projects to be developed, such
as impending low-head hydropower plants, should have acceptable intake
structure design included in the original planning.

ANGLER AND BOATING ACCESS

Public angler and boating access to both rivers is highly inadequate.
This represents a serious problem on these improving resources which flow
through some of the most densely populated areas in Pennsylvania. These areas
have the highest potential for increased fishing and boating usage in the
Commonwealth.

A systematic inventory and strategic access siting program would be a
major asset in promoting use and harvest of the restored fishery. Such a
program must be based upon current and projected angling and boating use data
in order to assure that the best available strategic locations are developed
to accommodate the user and assure the most equitable use of the resource.

RESTORATION INFORMATION AND PROMOTION

The information and promotion efforts concerning the construction and
ultimate installation of the Fairmount Fishway were excellent. . However, other
restoration activities since that time have only received a modest amount of
discussion or promotion in the news media.

~11-



On the other hand, activities concerning the hamilton Street Dam Fishway
have received good local publicity. The activities of the Lehigh River Pre

servation, Protection and Improvement Foundation have received excellent
promotion and publicity.

Excellent coverage was given to the stocking of marked fry in 1985,

1986 and 1987 and to the impending legislation for fishway financing on the
Lehigh's two dams.

A concerted public education program is vitally necessary to enlist
public support for restoration and promotion of the American shad fishery
resulting from the restoration program. An attempt to enlist organized
sportsmen support for the Schuylkill restoration similar to that on the
Lehigh is an example of a specific activity requiring promotional effort.

-12—-



STRATEGIES

Provide for unimpeded upstream migration of adult American
shad in the Schuylkill and Lehigh Rivers.

Provide adequate and suitable spawning and nursery habitat for
American shad in the Schuylkill and Lehigh Rivers.

Provide for unimpeded downstream migration of post spawning
"adult and juvenile American shad in the Schuylkill and Lehigh
Rivers.

Monitor all phases of the American shad restoration programs for
the Schuylkill and Lehigh Rivers and provide for the appropriate
regulations and management measures which will assure successful
programs.

Provide a comprehensive and systematic angler and boating
access program for each river.

Provide an aggressive restoration information and promotion
program.

Continue to provide staff and support to assure interstate
coordination and compatibility of the American shad restoration
program for the Schuylkill and Lehigh Rivers with the Delaware
Basin Fish and Wildlife Cooperative's American Shad Restoration
Plan.

-13-
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INTRODUCTION

Historically, the recreational shad fishery in South Carolina has been
small compared to that in other east coast states. Most of the limited activity
has been directed at the Edisto, Combahee and Savannah Rivers. The recreational
catch has been considered nealigible relative to the commercial catch.

In‘recent years, anglers have shown increasing interest in the shad fishery
potential of the tailrace canal at tioncks Corner. The tailrace provides (at
times) a combination of strong water flow and migration barrier that concen-
trates the fish and increases their availability to sportfishermen. Shad offer
an opportunity when other soortfishing alternatives in the area are limited.

The tailrace is convenient to a larae angling population and is somewhat pro-
tected from inclement weather. Efforts to popularize the shad have also contri-
buted to increasing analer interest in the tailrace shad fishery.

Little informagion was available regarding the tailrace recreational shad
fishery prior to the rediversion oroject, completed in March 1985. Because of
the projected decrease in water volume in the tailrace, the Marine Resources.
Division considered it appropriate to obtain data on the shad fishery before and
after rediversion. This report contains results of a study of angler partici-
pation and catch during the 1985 season immediately prior to and following the
rediversion. The fishéry was also surveyed durina comparable periods in 1986
and 1987. These results are included for comparison with the 1985 data.

METHODS

Nearly all of the shad fishing takes place just below the dam. While trol-
ling is popular in the Edisto River and Georgetown area, the most widely pract-
iced method in the tailrace is to anchor just below the dam and trail small jigs
at various depths. Because shore fishing access there is extremely limited,
only boat anglers were addressed. In 1985, there were three access points near
the power plant: 1) a small, private facility at the Dock Restaurant, 2) an
undeveloped place at the end of the road leading into the Dock Restaurant, and
3) a large public launching ramp across the canal from the restaurant (Fig. 1).
In 1986, another launching ramp was built as part of a private housing complex
(Hidden Cove). A $5 launchina fee was required and virtually no anglers seemed
to utilize this site, judging from the absence of trailers. Fishermen also
travel up the canal from more distant access points. An observer at the public
ramp can count boats and occupants returning to either of the sites by the
restaurant, as well as boaters traveling down the canal.



.

Preliminary information suggested that most shad fishing occurred after
noon and that weekends were most popular. !ost of the 1985 survey effort (90%)
was therefore directed at afternoons and weekends, although several morning trips
were included to verify these assumotions. Information from angler interviews
indicated that there was aopreciable shad fishing activity after mid-mornina, so
the level of morning survey effort was increased to 25% in 1986 and 1987. Sur-
vey hours were distributed as follows:
1985 (8 March-12 April)

Heekend Weekday
Saturday Sunday Monday Tuesday Wednesday Thursday Friday
A 0 2 0 0 0 2 2
PH 10 9 0 9 8 3 14
1986 (2 March-12 April)
AM 0 7 0 1 2 2 2
PM 5 17 0 4 4 8
1987 (2 March-10 April)
AM 4 6 0 2 0 0 !
PM 4 14 0 7 0 4 n

Total sampling time was 59 hours in 1985 and 56 hours each in 1986 and 1987.

The daily routine consisted of the observer, stationed at the public ramp,
counting boats and their occupants as they returned to either of the three
access points or proceeded down the canal (away from the power plant). All
occupants of a boat were considered as fishermen, unless they were small chil-
dren or indicated during interviews that they had not fished. In each year,
less than 8% of the boats checked contained no anglers and these were not in-
cluded ‘in the data. Fishermen returning to the public ramp were interviewed by
asking them what species they sought (target species) and how many they caught
and retained. Target species were designated as shad, herring, panfish, and
catfish, although in 1985 catch figures were obtained for shad only. In 1986
and 1987, catch figures were obtained for other species as well. These figures
represent anglers' estimates and usually no attempt was made to verify them by
fish counts; time constraints, the frequency of interviews, and the numbers of
fish caught often made this impractical. Upon leaving the ramp, the observer
counted the trailers remaining at each launching site. These figures were con-
sidered equivalent to the number of boats still on the water.

In 1986, a card drop box was placed at the public site in an effort to



obtain additional data from periods in which no observer was present, particularly
late afternoon‘and early morning. Respondents were asked to specify the number of
fishermen in their boat, the day and hours they fished, time returned, target
species, and approximate numbers of fish retained. They were also asked to esti-
mate the number of times a season they fished specifically for snhad.

Counts of boats and their occupants were compiled hourly for each site (not
including the subdivision ramp) and in transit (i.e., down the canal). For each
weekly interval, count data for weekdays were combined and the average number of
boats returning to all sites during 1200-1600 hours was calculated. This pro-
cedure. was repeated for weekend days. The average number of fishermen per boat
was calculated for each site (includina downriver), then the unweighted mean of
these values was determined (i.e., X ang1ers/boat). These were calculated for
the weekday and weekend categories. The average trailer counts at the end of the
weekday and weekend interview periods were calculated. Then the total amount of
fishing effort in each weekly interval was estimated as follows (number of days
in incomplete weeks were adjusted as appropriate):

Weekdays:
Number of boats per day = (x boats/hr)(4 hrs) + X trailer count
Number of anglers per day = (number of boats/day)(X anglers/boat)
Number of anglers per week= 5(number of anglers/day)

Hleekends:
(Number of boats/day and anglers/day as above)

Number of anglers per week = 2 (number of anglers/day)

In 1986, the number of boats counted during 1000-1200 hours was 23% of the
total counted during the afternoon. In 1987, the corresponding figure was 30%.
The estimated total morning fishing effort was therefore calculated as these
percentages times the afternoon effort. An arbitrary value of 25% was assigned
to the 1985 data in the absence of sufficient morning samples.

For each weekly interval, the percentage of fishermen targeting shad was
calculated from the numbers of anglers interviewed. The total number of fishermen
in each interval was multiplied by the appropriate percentage to derive the esti-
mated anglers that fished for shad. The average number of shad retained per

angler-trip during each interval was multiplied by the estimated number of shad
fishermen to generate the catch estimates.



RESULTS

The numbers of boats and anglers counted during site visits are shown in
Table 1. In all years, the average number of anglers per boat was somewhat higher
on weekends than on weekdays. The numbers of boats and their occupants who were
interviewed are listed in Table 2. In 1985, anglers in 55% of the boats returning
to the public ramp were interviewed. In 1986 and 1987, the figures were 84% and
88%, respectively. The average hourly boat counts and end-of-visit trailer counts
during the periods of peack activity are shown in Table 3.

The diel distribution of shad fishinag effort and success is shown in Table 4.
It indicates that, while the effort is rather uniformly distributed, those anglers
returning in the mid-afternoon have had the greatest success. Given the average
tfip duration, this implies that shad fishing effort during the early to mid-
morning was relatively unsuccessful most of the time.

Ih”1985, 38% of the fishermen interviewed were fishing primarily for shad,
while the corresponding value was about 30% in both 1986 and 1987. As can be seen
in Table 5, shad CPUE and angler interest, as indicated by the percentaqe of fish-
ermen seeking shad, dropped off appreciably after the third week of March in all
years.

tstimated total fishing effort, shad fishing effort, and the shad catch are
shown in Table 6. Many anglers interviewed in 1985 and 1986 indicated that they
culled their catch and retained only the roe fish, thus catch fiqures for these
years are underestimates of the actual number of fish caught.

The information from the card returns in 1986 was used to check against data
gathered from interviews and to aid in interpreting results. The 24 returns were
rather evenly distributed in terms of days of the week. Of the 61 anglers repre-
sented, 16 had fished for shad with a catch of 30, for an average CPUE of 1.9
fish/angler-trip. The average trip duration for shad was the same (4.6 hrs) as
for other species, so the mean catch rate in fish/hr was about 0.7 shad. This
was higher than for any other species except herring (catfish CPUE was 0.4 fish/
hr, as was that for white perch). A1l of the shad fishermen reported returning
between 1200 and 1430 and 83% of the returns occurred between 1000-1800 for all
anglers combined. Few of the fishermen seeking other species indicated that they
ever fished for shad, while all of the shad fishermen replied that they made 4-5
trips a year specifically far shad.



DISCUSSION
In 1985, the period of significant shad fishing activity probably extended

from the last week of February through the first week of April. There were wide
fluctuations in water levels and flow rates and, due to drought conditions,
levels and flows were reduced during much of the preferred fishing hours. Never-
theless, fishing for shad was very good through the third week of March. The
rediversion officially took place at 1201, 23 March. After this date, CPUE

(Fig. 2) appeared to drop off sharply. The estimated catch of about 10,000 fish
(retained) is probably conservative, due to the fact that most of the sport catch
is bucks and many fishermen save only the roe-bearing females. Even so, at an
average individual weight of about 4.0 pounds, this catch would have represented
about 11% of the statewide commercial catch that was reported. ‘

In 1986, low water levels and weak flows again prevailed during most of the
season, due to reduced spring rainfall. Both the percéntage of fishermen tar-
geting shad and the overall number of anglers appeared to decline. The trend
in CPUE was temporally <imilar to that in 1985, although the overall average for
a comparable period was well below that seen in 1985 (3.0 vs 4.4 fish per angler-
trip). The total shad catch appeared to be much lower than in 1985, being esti-
mated at about 46% of the previous year's. The statewide commercial catch, how-
ever, increased substantially. '

The 1987 season was largely a failure. Wet, windy weather prevailed during
most of February and the first reports of recreational shad catches at the dam
were during the last week of the month. The first 10 days of March were also
predominantly rainy, with high winds, and there probably was relatively little
effort then. Unlike in the past two years, there was no increase in CPUE as
March progressed and good fishing failed to materialize as the weather improved.
Water levels and flow rates were highly erratic and the water remained very
turbid throughout the period of normally good fishing. Fishing success for
other seasonal species, e.g. white pérch and herring, appeared to be well below
the previous year's level as well. Many anglers blamed the weak, erratic flow
and cold dirty water for the poor fishing. It should be noted that commercial
shad fishing elsewhere in the state was unusually slow during this period also.
The estimated catch was only about 15% of that calculated for 1985 and overall
CPUE was extremely low (0.8) compared to the previous two years.

These estimates of catch and effort provide insight into the relative



condition of the tailrace shad fishery during the years considered, but the

catch figures should be accepted with caution as to their absolute value. During
both 1985 and 1986, about 13% of the boats with anglers fishing for shad reported
catching no fish and observed catch rates were extremely variable over a wide
range (from O to 40 or 50 fish on many days). The coefficient of variation
associated with the ogverall seasonal CPUE estimator was very high (1.23) for

the 1985 data. During the 1986 season, the interview effort was increased from
about 55% of the boats returning to over 80% in an attempt to reduce this varia-
bility, although the overall sample size did not increase because of the reduced
shad fishing effort. There was virtually no change in the coefficient of varia-
tion (1.31) for the 1986 data and thus no improvement in the precision of the CPUE
estimates. During the 1987 season, both the percentage of boats intercepted and
the sample size were increased (although not by much due to reduced participation
during the second half of the sampling interval). About 51% of the boats with
shad anglers reported catching no fish. This high an incidence of null values

in a small sample greatly reduces the precision of the observed mean, under nor-
mal circumstances, and the coefficient of variation (1.77) was appreciably higher
than in the previous two years.

The conclusion that can be drawn from these efforts is that the catch of
shad in this fishery would be difficult to estimate very accurately if this
became necessary for management purposes. A substantial increase in the per-
centage of boats intercepted produced no measurable improvement in the accuracy
of the CPUE estimates. The observed level of fluctuation common to a feast-or-
famine type of fishery generally requires that the fishery be observed during
a substantial portion of its duration, in order to achieve any reasonable level
of precision associated with catch rate estimates. The accurate estimation of

shad catches would require a much more frequent and intensive sampling effort.



Table 1. Boats and anglers counted during site visits.

Boats Anglers
Heekday Weekend day ; leekday Weekend day
AM PM AM PM AM PM AM PM
1985
Dock Rest. 4 49 1 62 8 111 4 124
Road end 0 17 0 8 0 39 0 16
Public ramp 6 264 8 263 16 613 18 559
Downriver 7 52 1 37 17 119 2 76
1986
Dock Rest. 5 33 8 55 6 67 17 128
Road end 1 2 2 5 2 5 3 10
Public ramp 18 124 25 175 33 256 52 394
Downriver 7 27 20 94 14 58 41 230
' 1987
Dock Rest. 5 27 13 21 8 58 30 a4
Road end 0 3 1 2 0 7 ] 4
Public ramp 12 146 42 156 24 300 105 365

Downriver 2 34 41 70 4 63 89 146




Table 2.

Boats and anglers intercepted at the public ramp.

Target species AM

Shad
Herring
Catfish
Panfish
Total

Shad
Herring
Catfish
Panfish
Total

Shad
Herring
Catfish
Panfish
Total

- OO0 — O O

O W o W

Wleekend day

PM

63
18
19
54
154

1985

.. 1986

39

24
15
69
147

21

[s)
c

13
61
117

1987

> B O O O

Anglers

Weekday

PH

124
44
11

148

327

94

29
19
104
246

106
33
27

128

294

Weekend day

AM

15
17

13

15
41

37
17
10
31
95

PM

132
37
43

115

327

83
63
31
168
345

47
65
32
132
276




Table 3. Average numbers of boats returning each hour to all sites during
1200-1600 hours and trailer counts at end of visits. Values in ()
are estimates used in the effort calculations.

Boats Trailers
Weekdays  “eekend days Weekdays Weekend days

1985

3-14 March 13.6 18.4 36.5 43.5

15-21 March .7 (18.4) 32.0 (43.5)

22-28 March .4 20.7 32.5 44.5

29 March-4 April .4 (20.7) 36.5 (44.5)
1986

6-13 March 7.3 23.8 26.0 33.0

14-20 March 11.8 14.5 25.0 (33.0)

21-27 March 9.8 10.6 46.0 26.0

28 March-3 April .0 10.5 13.0 37.0
1987

8-14 March 11.0 (14.5) - 42.0 (41.0)

15-21 March 10.3 20.6 32.0 48.0

22-28 March ( 9.0) 15.2 (29.0) 63.5

29 March-4 April 7.3 7.5 26.0 32.5




Table 4. Shad fishing activity by time period. CPUE values are average-of-
ratios means, in shad per angler-trip.

Time period Total anglers Shad anglers  Percent shad anglers  CPUE
1985
1200-1300 23 8 35 2.9
1300-1400 121 58 48 3.5
1400-1500 177 55 31 5.0
1500-1600 178 63 35 5.0
1600-1700 141 65 46 2.7
1986
1000-1100 16 6 38 0.9
1100-1200 41 8 20 2.6
1200-1300 73 24 33 4.2
1300-1400 165 37 _ 22 2.4
1400-1500 118 ' 45 38 3.2
1500-1600 132 41 31 2.9
1600-1700 51 19 37 3.2
1987
1000-1100 30 15 50 0.1
1100-1200 89 33 37 0.5
1200-1300 108 23 : 21 1.1
1300-1400 125 23 18 1.5
1400-1500 166 55 33 1.5
1500-1600 148 45 30 0.5
1600-1700 21 7 33 1.0




Table 5. Estimated percentages of shad fishermen and their CPUE by weekly

interval.
Week percent shad anglers Fish/angler-trip

1985

8-14 March 49.6 4.7

15-21 March 52.1 7.8

22-28 March . 28.5 1.6

29 March-4 April 6.0 1.6
1986

6-13 March ' 41.5 2.4

14-20 March 39.5 4.7

21-27 March ' 30.0 1.9

28 March-3 April 16.1 1.9
1987

8-14 March 58.6 1.3

15-21 March 34.8 0.5

22-28 March 8.0 0.1

29 March-4 April 16.0 0.4




Table 6. Estimated total angler effort (angler-trips), shad effort, and shad

catch.

_ Total effort Shad effort Shad catch

Week 1000-1200__ 1200-on 1000-1200  1200-on__ 1000-1200 _ 1200-on
1985

8-14 March 368 1,472 730 3,431

15-21 March 306 1,224 638 4,976

22-28 March 316 1,264 360 576

29 March-4 April 337 1,346 81 130

Total 1,327 5,306 452 1,809 911 9,113
1986

6-13 March 263 1,142 474 1,138

14-20 March 264 1,146 453 . 2,129

21-27 March 270 1,176 353 671

28 March-3 April 188 816 131 249

Total 985 4,280 246 1,411 443 4,187
1987

8-14 March 201 1,337 783 1,018

15-21 March 410 1,366 475 238

22-28 March 392 1,308 105 1

29 March-4 April 256 854 137 55

Total 1,459 4,865 584 1,500 175 1,322
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W. Brock Conrad. Jr.
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Resources Department ahen:

Wildlife and Freshwater Fishenes

Zquar Opoonunity Agency

July 20, 1987

Mr. Billy McCord
SCW&EMRD

P. 0. Box 12559
Charleston, S. C. 29412

Dear Billy,

Fnclosed is a summary of project plans for the Santee-Cooper blueback
herring studies. To summarize results at this point in the study would
be inconclusive however, it is apparent that herring population in Cooper
River have been greatly reduced since rediversion while populations in
the Santee appear to be expanding.

If you have additional questions, please call.

Sﬁ-ely ,
Richard W. Christie

Fisheries Biologist
RWC/1lcy

P. O. Drawer 190 O Bonneau, South Carolina 294310 Telephone (803) 825-3387



Summary of Santee Cooper Blueback Herring Project

The Santee Cooper blueback herring studies have been conducted since
November, 1976, to evaluate the effects of a large scale water rediversion
project on fish populations in the Santee and Cooper rivers. This project
receives State and Federal (USCOE) funding. Blueback herring were select-
ed as the species to intensively study in this system due to their impor-

tance locally as a commercial bait fish and forage for striped bass.

Three main work items have been selected for intensive pre-post
rediversion éomparisions. They are:
1) effects of rediversion on migration of adult blueback herring.
2) effeo;ts of rediversion on spawning of blueback herring in the
Santee and Cooper rivers, and ’
3) effects of rediversion on movement of herring from the Santee

and Cooper rivers into Lake Moultrie.

Objectives for the first work item are to estimate the population
size of adult blueback herring in Santee River, to det:eﬁnine population
parameters and commercial harvest of adult herring from Santee River,
and to correlate the migration and abundance of adult herring in Santee

| River with envirommental variables.

Objectives for the second work item are to assess the significance

of tributaries, hardwood swamp and the main chammel of Santee River



as spawning habitat for blueback herring, to <:‘1€fine. the relative impor-
tance of various Cooper River ecotypes as spawning habitat and to
determine selected water quality parameters associated with spawning
habitat.

Objectives for the final work item are to determine mumbers of adult
herring migrating into Lake Mpultrie prior to and after rediversion,
to determine numbers of herring passed into Lake Moultrie via St. Stephen
fishlift, and to evaluate the total mumbers of blueback herring entering

lake Moultrie prior to and after rediversion.

e e ——————
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The Atlantic State Marine Fisheries Cecmmission adepted a Fisheries
Management Plan for American shad and River Herrings in Octcber, 1985.
As a part cof the continuing management of these species the Shad and
River Herring Scientific and Statistical Cemmitte consisting of appointed
representatives of each ~f the cocastal states, Maine to Florida meets
annually to review the status of varicus affected fish stecks. This
overview is prepared to describe the current status of Hudscn River shad
and river herring stocks.

Qverview

American shad are currently harvested in the Hudscn River Estuary
from the George Washingten Bridge in New York City (River Mile 12) to the
pert of Albany (River Mile 145). Necticeable imp;OQeménts in water
quality in the upper Hudson Estuary has resulted in increases in numbers
of all anadramcus fish utilizing the upper tidal reaches of the estuary.

- Commercial netting of American shad is prosecuted in New York waters
using three fishing techniques; drift nets are employed througheut the
river above Peekskill (River Mile 45) drifting over short reaches (up to
3 miles) and soak times generally less than 2 hours. Below Peekskill
staked or gnchored pets are employed depending cn water depths and pre-
ferences of indigidual fishers. During 1986, 69 individuals obtained 147
licenses. to operate 181,320 linear feet of gill net. Stretcﬁed mesh
sizes in the shad'fishery range frem 5 to 6 inches with 51/2 and 6 inch
meshes predominating. |

Reported New Yerk Hudsen River landings were 615,768 pcounds with an
additienal 118,998 pounds landed in New Jersey. The 734,776 pounds
reported landed for 1986 is well within the recent histcrical range of
approximately 200,000 to 1,300,000 peounds. Expansion of the commercial
shad fishery is market-limited by chronically low market prices. Notable

reductions in both market price and fishing effort coincide with the

arrival of peak abundance of shad in the lower Hudsen Estuary.



River, herring, alewife and blueback herring have very limited com-
mercial utilizatien, primarily as bait and alse a limited recreaticnal
fishery utilizing scap nets, dip nets and very limited anglng.

Recent Management Actiens

Management of Hudson River American shad and river herring stocks
has consisted of menitering of annual recruitment, commercial fishery
catch-per-unit of effert and adult abundance. Age structure of both the
commercial catch (by gear type) and the adult stock are characterized
annually.

These meonitoring cbjectives are accemplished by direct monitoriﬁg of
approximately 60 days of commercial fishing effort, lcw-biased haul seiﬁe
collecticns cof adult shad from spawning areas and 100 foet x 10 foect
beach seine sampling of juveniles at standard sampling sites. The
results related in this report are excerpted from the Hudson River
Fishery Research Unit 1986 Annual Repeort.

Overall the sampling results have depicted a lightly-exploited adult
shad stock with high incidence of repeat spawning and females ages 4bto
12 represented in the catches. Juvenile recruitment of shad during 1986

was the highest measured since initiation of sampling in 1980.

Status of the Stocks

Commercial Fishery Mcnitoring

-

American shad appeared to be more abundant in 1986 than 1985
with weekly c/f measures greater fer beth males and females in all
gears. Ages five and six shad deminated with an age structure simi-
lar to that reported by Talbot (1954). Greater numbers of older
shad (8 years of age) were found in the River by Creccc et al.

(1981). Length at age for Hudsen Rivers and Connecticut Rivers are

similar.



Observed catch-per-unit-effort (CPUE) of American shad during
1986 was highest for all gear types since monitoring began in 1980.
The 1986 data indicate a strong selectivity tcoward roe shad.

Catch Description

The fork length distributicn of American shad observed in the
commercial net fishery in the Hudson River Estuary during 1986 based
upon 642 observaticns ranged from 415 to 582 mm for males (i = 480)
and 440 to 628 mm for females (i = 520) for staked, anchored and
drift net gears combined. Weights of fish sampled ranged from 1100
to 3280 g for males (X = 1919) and 1560 to 4570 (X = 2636) for fema-
les. Ages of shad gaught ranged from age &4 to 12 based upon anaiy—
sis of scale annulus formation. Catch-per-unit-effort peaked during
the week of April 13-19 in the anchored gill net fishery, April 20-26
in the staked gill net fishery and later, April 27 to May 3 in the
upriver drift gill net fishery.

Adult Stock Monitoring

Sampling of the adult stock was accomplished during 1986 by use
of a 100 ft x 12 ft x 4 inch stretched mesh haul seine fished in
spawning areas. The non size-selectivity of the haul seine was used
to alleviate and characterize biases associated with the narrow
range of gillnet mesh sizes in the commercial shad fishery.

A total of 50 seine hauls resulted in collection of 1987
American shad from seven sites. Distribution of sampling effort was
made to obtain temporai and spatial distribution of sampling effort,
not maximize catches..

Mean fork length of male American shad captured in the haul
seine was 17.1 in (435 mm) and mean weight was 2.9 1bs. (2040 g).
Length frequency of both sexes appeared distributed normally around

mean length.



Age structure and frequency of repeat spawning is depicted in
Attachment 15. Mean fork length at age is described in Attachment

16.

Juvenile Abundance

A total of 380 valid seine hauls were ccmpleted using 100 ft by
10 ft by l/4 inch mesh netting. The net was set perpindicular to
shore and the deepwater and swept toward the beach. A teotal of
114,333 fish representing 53 species were collected during the 1986
beach seine program. Cecllections were made at standard station
;;tes located between the vicinity of Newburg and Albany (River
Miles 55-140). 1Indices of annual abundance were calculated for five
target fish species; blueback herring, alewife, American shad, white
perch and striped bass. Mean CPUE by sampling week for blueback
herring, Alewife and American shad are depicted in Attachments 18
through 20 respectively. The annual CPUE for young-of-the-year
American shad during 1986 was the highest measured during seven
years of sampling from 1980 - 1986.
Conclusion
The Hudscn River American shad adult population is strong and
appears.to be subject to light fishing exploitation as indicated by the
hié% i;%idence of repeat spawning females and the presence of fish up to
age 12 in the population. Mcnitoring of commercial fishing catch and
effort has occurred annually since 1980, 1986 CPUE was highest for all
gear types since initiation of the program. Catch per effort of juvenile
shad from the 1986 year class was alsc greatest since annual abundance
indexing begain in 1980. Large adult runs are anticipated for 1987 and

1988 based upon the large 1983 year class.



THE EFFECT OF SPORT FISHING ON THE DYNAMICS
OF
THE PAWCATUCK RIVER SHAD POPULATION
(A PRELIMINARY ASSESSMENT)

Introduction

Efforts to restore the American Shad to the Pawcatuck River have been very
successful to date. Adult transplants have been made since 1975 and first re-
turns were achieved in 1979 (O'Brien 1979). Current returns are, approxi-
mately, 4,200 fish (Fig. 1). Estimates based on other populations place the
maximum population size at 25,000 fish. It is expected that the population will
follow the logistic growth projected in Figure 1. [t has been shown that returns,
to date, are highly correlated to the number of spawning females in previous
generations (Gibson 1984). This is consistent with current stock-recruit
theory which indicates that at low population sizes, parental stock will strongly
influence recruitment. Environmental effects are abated since the stock is not
near K, the carrying capacity of the habitat.

American Shad are quite popular as a gamefish in the Northeast. Significant
sport fisheries exist on the Connecticut and Delaware Rivers valued in excess
of one million dollars. Catches are on the order of 16,000 to 25,000 annually.

In response to angler interest, this Division will open a limited sport fishery
for shad in the Pawcatuck River in 1986. In view of the high intrinsic value
of these fisheries when fully developed, it is important to assess the effects
of fishing, such that premature harvests do not damage the stock's ability to
attain full capacity and value.

This analysis is a preliminary assessment, drawing on data from early returns
to the Pawcatuck River, as well as data from other nearby shad populations.

Methods

Projections of population growth require an estimate of the upper population
bound and and a parent-progeny relationship. A population asymptote was
established by using a production figure established for the Connecticut River
of 2.3 adults per 100 square yards of spawning habitat (ASMFC 1985). Upon
completion of fishway construction, 39.1 miles of rivers (Potter Hill to Upper
Wood and Queens Rivers), averaging 17.1 yds. in width, will be open to spawn-
ing American Shad. This amounts to 11,836 production units. The estimated
maximum population is 27,224 shad. The parent-progeny relationship was de-
veloped by using data on spawning stock and subsequent recruitments for
years 1975-1985. Parental stock was comprised of two components, transplanted
as well as home returning females. These were equated using the weighting co-
efficients of the regression model in Gibson (1984). Transplanted females

could then be expressed in terms of native females and their sum, multiplied

by 2.5 to account for males was the spawning stock for that year (n). Recruit-
ments were the sum of age Ill returns in year n+3 and age 1V's in n+4 divided
by .31, the percentage of an average return that these ages constitutes. This
has the effect of scaling up recruitments to account for age 5, 6, and 7 fish



of the same year class. An additional hypothetical point was included to shape
the recruitment curve so that it conformed to the estimated population size as
well as known reproductive strategy in shad. At a spawning stock of 25,000
adults, it was hypothesized that compensation would occur and only 20,000 re-
cruits would be produced. The data used is summarized in Table 1. The re-
cruitment model chosen was that of Ricker {(1954) .
-BP
R = XPe

River hydrographic conditions such as June discharge, have been shown to
strongly modulate cohort production in shad (Crecco and Savoy (1984). In
view of this, a second function was generated which included an environmen-

tal effects parameter (June flow).
R =o(Pe (-—BlP + BZJ)

This parameter, acting in a multiplicative fashion, can be used to introduce
stochastic variation into the recruitment process.

Using the second relationship, recruitments could be predicted from spawning
stocks. It was assumed that the recruitment produced, returned as age 3, 4,

5, 6 and 7 virgin spawners in the following proportions: .034, .276, .452, .216,
and .022. For simplification, no attempt was made to include repeat spawners
nor account for sex specific maturity schedules. Projected parental stocks were
then the sum of age 3, 4, 5, 6 and 7 fish returning in that year which, in turn,
predicted future returns. The population was simulated from 1979 to year 2013
under' a series of exploitation rates ranging from 0 to .75 by removing the appro-
priate percentage of parental stock prior to entry into the recruitment function.
Environmental variation in the form of June flow was added using a random number
table based on the probability of occurrence of a given discharge from a time ser-
ies of U.S.G.S. flow data.

Statistical fits were performed using the SAS non-linear regression procedures
of the University of Rhode Island Computer Center. Population projections
were made using a programmable calculator.

Results

The fitted stock-recruit functions were as follows :

R = 3.81 pe _-00006P )
and
= 3.28 Pe (-.000063P + .0000321J) o
where:

R = Recruitment Produced -
P = Parental Stock
J = Mean June Discharge



Given the second relationship, the following would hold:

Replacement level - 18,855

Maximum recruitment - 19,823

Spawners needed for R - 15,873
max

M.S.Y. - 7,479

Exploitation rate at M.S_Y. = .[567

Limiting rate of exploitation = .695

This relationship accounted for over 90% of the variation in observed recruit-
ments. Projected population growth under various rates of fishing are found

in Figure 2. With no fishing, the population follows the familiar logistic curve
and increases rapidly from 1985-1995. Moderate rates of exploitation (10-20%)
produce a reduced rate of growth, however, the population still reaches a pla-
teau of about 20,000 spawners. Under more extreme rates (50%), the popula-
tion grows much more slowly and reaches a size of only 15,000 spawners. Fish-
ing rates approaching 75% will cause a stock collapse.

Discussion

The hypothesized stock-recruit functions (Figure 3) for Pawcatuck River
shad bear resemblance to those generated for Connecticut River shad by Crecco
et al (1985). Values of "a", which determine the shape of the curve and hence
recruitment dynamics, were similar (1.34 vs. 1.56). Sustainable and limiting
rates of exploitation were also comparable. Since the Connecticut curve is
based on population estimates derived from Holyoke lift data, it would be in-
dicative of an expanding shad population. It is believed that the functions used
to model the Pawcatuck, a growing population, were therefore appropriate.

This analysis indicates that limited exploitation (< 10%) beginning in 1986
will probably not adversely impact the development of the Pawcatuck River shad
population. The population has entered a phase of exponential growth where
the surplus production margin is high (Figure 3). Estimates of exploitation rates
by sport fishermen in thé Connecticut and Delaware Rivers range from 4-11%
(Crecco and Gunn 1982, Miller et al 1982). Sport fishermen in Maryland catch
about 5% of the Susquehanna River shad despite a closed season (Carter and
Weinrich 1982). It seems unlikely that fishing rates in the Pawcatuck could ex-
ceed 10% in the first season, although the actual rate cannot be estimated with-
out knowledge of fishing effort and catchability.

The Atlantic States Marine Fisheries Commission Management Plan for shad
(A.5S.M.F.C. 1985) has recommended allowable exploitation rates based on model-
ing work in the Connecticut River.

Severely Depleted Runs - 0
Depleted Runs < 25%
Stable Runs < 403



The Pawcatuck would probably fall in the depleted category since it has
not yet reached the full capacity of the river. A 10% sport harvest seems to
be about right.

There are, however, several areas of concern. Discard rates have been
shown to be substantial in the Connecticut River sport fishery, ranging from
12.8-60.5% (Crecco and Gunn 1982). Fishermen discard smaller fish in favor
of larger fish and males in favor of females. Mortality rates are not known for
"played out" fish, but are believed high (Victor Crecco - personal communica-
tion). Thus, a 1-fish per day limit may actually kill more fish than expected.
The regulations should specify that fishermen are done for the day after one
capture, regardless if the fish is released. Consideration might be given to
closing the season during periods when females are most abundant.

Also, this analysis was not particularly sensitive to environmental effects.
Early recruitments in the Pawcatuck system have been controlled almost entirely
by the magnitude of the parental stock. This is in contrast to the Connecticut
River where hydrographic conditions, particularly June flow, strongly influence
cohort production. This disparity is due to two factors. Firstly, the Pawca-
tuck is a neophyte population, as opposed to an established one. When the pop-
ulation is far below K the carrying capacity, increments in spawning stock strong-
ly influence recruitment, enviornmental variability notwithstanding. Secondly,
recruitments which have been enumerated in the Pawcatuck so far, originate
from year classes 1975-1981. As estimated by the Connecticut River juvenile
index, these year classes were all average, or above. Year 1977 and 1980, in
particular, were good. Year classes 1982 and 1984 were poor in the Connecti-
cut, the 1982 index being the lowest ever reported. These failures stem from
the severe flooding that took place in June of those Years, conditions which
also occurred in the Pawcatuck. These data were not included in the stock-
recruit analysis since the recruitments have not yet been realized. Thus, the
analysis is for year classes produced in average or better years and may be up-
wardly biased in terms of population growth rate. If, in fact, the 1982 and 1984
year classes are as weak as indicated by the Connecticut index, returns in years
1987-18990 may be reduced below that projected by the analysis and may be more
vulnerable to fishing.

Finally, it has been demonstrated in the Connecticut River that catcha-
bility coefficients for shad are inversely related to population size (Crecco and
Savoy 1985). At low stock sizes, fishermen, acting as non-random predators,
are able to concentrate effort on contagidusly distributed shad, thereby in-
creasing the catchability. Thus, when stocks are at low levels, such as currently
existing, fishermen may harvest a greater number of shad per unit of effort than
at high stock sizes. These three factors may cause the kill to be higher than we
expect, to the detriment of the stock. It is recommended that we develop a
method of assessing stock size and harvest simultaneously so that the fishery
may be managed at an exploitation rate of 102 or less.
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TABLE 1 - Data used to fit the stock-recruit functions and computational methods.

Recruitment ' Effective Spawning Stock * Mean June Discharge C.F.s
13 25 530
400 . 225 233
Lys \ 190 366
126 148 517
1,058 328 654
1,926 423 315
3,023 898 230
3,271 788 800
20,000 25,000 539

1
(R,3+ R .y) /-310

2 ,
(Hn + Tn /9.8) 2.5

3 From U.S.G.S. Records

Rn+3 = Age Il recruits in n+3

Rn+u = Age |V recruits in year n+‘ll
Hn = Home return females in year n
T = Transplanted females in year n

n
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APPENDIX D-8h

Pending Water Quality Regulations
State of Maryland

CLASS: II - Fresh Nontidal Warm Water Streams, Creeks & Rivers
SUBCLASS: B - Anadromous Fish Spawning Areas
SPECIES PROTECTED: American Shad, Hickory Shad, Alewife Herring, Blueback
Herring, Yellow Perch, White Perch, Striped Bass, Atlantic Sturgeon, and
Shortnose Sturgeon. :
LIFE STATE PROTECTED: Egg and larvae.

DESIGNATION CRITERIA:

Class II-B waters:

1. are nontidal,
2. are not blocked by. a migration barrier,
3. have a minimum of 2.0 miles of perennial freshwater or tidal

streamflow, or this potential, and

4. are not entirely enclosed 1in a pipe nor entirely 1lined with
concrete.

HABITAT PROTECTION CRITERIA:

These criteria only apply to Class II-B waters from March 1lst to May
31st. During the remainder of the year waters assigned to Class II-B will
revert to Class II-A (nontidal waters).

WATER QUALITY
OPTIMUM CONDITIONS

VALUE RANGE LETHAL RANGE
Temperature (F) 64 61 - 75
Dissolved Oxygen (mg/1l) >5.0
Fecal Coliform (MPN/100 ml) 0 - 200 N/A
pH 6.5 - 8.5 4.2 - 6.0
Turbidity (NTU) >50
Suspended Solids (mg/1) 30 0 - 70 100 - 5,380

Priority Pollutants: (See the table headed "1980 EPA Ambient Water Quality
Criteria.)

PHYSICAL HABITAT

1. Structures which may impede fish from migrating within the water-
course shall be constructed 1in a manner which minimizes the
potential for obstructing fish passage.



2. Activities which may affect existing cover, or obstruct the
establishment of cover, should be minimized.

re-—

3. Activities which modify instream flow shall be conducted in a
manner which maintains sufficient flow to support adequate habitat
for fish and other living resources.

4. Activities which increase the amount of sunlight reaching a

waterway should be minimized in order to prevent the occurrence of
excessive water temperatures.

CLASS: IIT - Tidal Estuarine Waters & Chesapeake Bay
SUBCLASS: A - Resident Fish & Living Resource Areas
SPECIES PROTECTED: Bluefish, Atlantic Menhaden, Croaker, Seatrout, Spot,

American Shad, Hickory Shad, Alewife Herring, Blueback Herring, Yellow Perch,
White Perch, Striped Bass, Shortnose Sturgeon, Atlantic Sturgeon, Channel
Catfish, White Catfish, Brown Bullhead, Yellow Bullhead, Largemouth Bass,
Chain Pickerel, Redfin Pickerel, Northern Pike, Muskellunge, and Blue Crab.

LIFE STAGE PROTECTED: Juvenile, and adult growth.

DESIGNATION CRITERIA:

Class III-A waters are all tidal waters in Maryland, except those areas
which are blocked by a migration barrier which cannot be reasonably mitigated

to provide for fish passage.

HABITAT PROTECTION CRITERIA:

WATER QUALITY
OPTIMUM CONDITIONS

VALUE RANGE LETHAL RANGE
Temperature (F) 79 70 - 81 82 - 93
Dissolved Oxygen (mg/1) >50
Fecal Coliform (MPN/100 ml) 0 - 200 n/a
pH 6.5 - 8.5 3.9 - 6.0
Turbidity (NTU) >50
Suspended Solids (mg/1) 30 0 - 70 100 - 5,380

Priority Pollutants: (See the table headed "1980 EPA Ambient Water Quality
Criteria.)

PHYSICAL HABITAT

1. Activities which may affect existing cover, or obstruct the re-
establishment of cover, should be minimized.

CLASS: IIT - Tidal Estuarine Waters & Chesapeake Bay
SUBCLASS: B - Anadromous Fish Spawning Areas

SPECIES PROTECTED: American Shad, Hickory Shad, Alewife Herring, Blueback



Herring, Yellow Perch, white Perch, Striped Bass, Atlantic Sturgeon,
Shortnose Sturgeon.

LIFE STAGE PROTECTED: Egg and larvae.
DESIGNATION CRITERIA:

Class II1I-B waters:

1. are tidal, with a salinity of 6.0 ppt or less during the
spring spawning season (March 1 - May 31),

2. are not blocked by a migration barrier,

3. have a minimum of 2.0 miles of perennial freshwater or tidal
streamflow, or this potential, and

4. are not entirely enclosed in a pipe nor entirely lined with
concrete.

HABITAT PROTECTION CRITERIA:

These criteria only apply to Class II-B waters from March 1st to

31st. During the remainder of the year, waters assigned to Class II-B
revert to Class III-B.

WATER QUALITY
OPTIMUM CONDITIONS

VALUE RANGE LETHAL RANGE
Temperature (F) 64 61 - 75
Dissolved Oxygen (mg/1) 25.0
Fecal Coliform (MPN/100 ml) 0 - 200 n/a
pH 6.5 - 8.5 4.2 - 4.8
Turbidity (NTU) >50
Suspended Solids (mg/1) 30 0 - 70 100 - 5,380

Priority Pollutants: (see the table headed "1980 EPA Ambient Waﬁer
Quality Criteria.)

PHYSICAL HABITAT

1. Activities which may affect existing cover, Or obstruct the
establishment of cover, should be minimized.

and

May

will
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Basis For Water Quality Values Contained In The Habitat Protection
Criteria Section Of The Proposed Redefinition Of The
Maryland Water Use Classification and
Water Quality Standards System

Following 1is a description of the rationale for the water quality criteria
contained in the proposed revisions to Maryland's water use classification
scheme and receiving water standards. The existing standards, contained in
the Maryland Department of Health and Mental Hygiene's "Water Quality and
Water Pollution Control" regulations (COMAR 10.50.01), list numerical limits
for the following parameters; fecal coliforms, dissolved oxygen, temperature,
PH, turbidity, and six pesticides. Additionally, a total residual chlorine
limitation has been established for the existing Class III and IV waters.

The revisions proposed herein would add limitations for suspended solids and
a number of the substances deemed "priority pollutants" by the U.S.

Environmental Protection Agency (EPA). The fecal coliform and pPH remain
unchanged. During the review of the literature only a small amount of
information was found on the effects of turbidity upon living resources. A

far greater quantity of information was found on the relationship between
suspended solids and living resources. Therefore, this proposal uses the
same turbidity criteria contained in the existing water quality standards.
However, it is recommended that emphasis be placed upon meeting the proposed
suspended solids criteria, if a choice must be made between the two.

An extensive review of the literature was performed by Klein (1985) to
develop recommendations for the protection of living resources from the
effects of suspended solids (sediment pollution). Available data on the

various effects of suspended solids upon living resources is presented in
Table 5 of the literature review (see Appendix A). Although the many species
of 1living resources do show considerable variation in the concentration at
which mortality occurs, the variability of the "no effects" level is far
less. Because of this finding, all proposed water use classes carry the same
criteria for suspended solids. To maintain opitumum conditions for growth
and reproduction the suspended solids concentration should average 30 mg/l or
less and the maximum concentration should not exceed 70 mg/1.

In 980 the U.S. Environmental Protection Agency began publishing "ambient
water qualty criteria" for the priority pollutants. These criteria are based
upon a very extensive review of the available data on the effects of priority
pollutants upon living resources and human health. The criteria established
by EPA, as of this date, are summarized in the table contained in Appendix B.
In the case of the priority pollutants it is exceedingly important to keep in
mind the combined effects of simultaneous €xposure to several contaminants.
Much of the data reviewed by EPA was derived from studies in which all other
environmental factors, except the priority pollutant under investigation, was
maintained at optimum levels. 1In the real world optimum conditions rarely
exist for all environmental variables. Therefore, as other environmental
factors recede from the optimum level, the degree of safety afforded by the
criteria listed in Appendix B will decrease proportionately.

Specific changes have been proposed for temperature and dissolved oxygen.



These changes are described in the following pages. The proposed dissolved
oxygen criteria are, for the most part, based upon an extensive literature
review focused upon Canadian fish species, there is no reason to believe that

his conclusions are not applicable to conditions in Maryland. Davis' review
will be found in Appendix C.
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Northeast Fisheries Center
Woods Hole Laboratory
Woods Hole, Massachusetts 02543

May 23, 1988 F/NECL:grs

Dr. William Richkus
Versar Inc. -
9200 Rumsey Rd.
Columbia, MD 21045

Dear Bill,

Enclosed is a listing, by state, of river herring and American shad
commercial landings for 1984-1987, per your request. A few points concerning
the data are worth reiterating. As you are probably aware, the data are
considered preliminary until published in the Fisheries Statistics of the
U.S., which is about a seven year lag. Also, please note that all North
Carolina landings for American <had and 1987 river herring landings are from
the northern counties only. Since the NEFC jurisdiction extends only to Cape
Hatteras, our year end canvas data are limited to that extent. The rest of the
North Carolina river herring landings were from a listing of catches by
distance from shore provided by the Washington office. The state data not
listed in the table may be available from the state agencies, or from the NMFS
Washington statistics office. 1 apologize for the delay in responding to your
request, but the year end canvas data has just recently been finalized for

inclusion in the totals. Feel free to contact me if you have any questions
concerning this information.

Regards,
ey

Gary Shepherd
Coastal/Estuarine Fisheries Investigation

cc: E.Bowman
W.Gabriel




American Shad and River Herring (000's of 1bs)
commercial landings

ME NH MA RI T NY NJ DE MD VA N

River Herring

1984 817 90 94 1 40 4 3 10 131 1257 651
1985 1345 61 47 0 35 0 5 15 184 432 1154
1986 1010 30 40 0 30 3 4 6 146 758 681
1987 792 18 35 3 40 3‘ -5 5 755 783 *319
Am.Shad
1984 33 5 29 36 399 601 292 220 70 909 *379
1985 15 7 21 © 90 402 774 292 203 189 633 *221
1986 22 17 60 52 322 689 335 195 !9 519 *176

1987 27 34 41 104 329 605 268 -25 123 302 *210

*northern counties only

! value checked, apparently okay
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status of FMP: Specific Objectives of the Plan

The Committee reviewed the goal and objectives of the
shad and River Herring Plan adopted by the Atlantic States
Marine Fisheries Commission in October, 1985.

The goal of the FMP is to promote, in a coordinated
coast-wide manner, the protection and enhancement (including
restoration) of shad and river herring stocks occurring on
the Atlantic seaboard. The four (4) management objectives
of the plan are as follows:

1) Regulate exploitation to achieve fishing mortality rates
sufficiently low to ensure survival and enhancement of
depressed stocks and the continued well-being of those
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.

2) Improve habitat accessibility and quality in a manner
consistent with appropriate management actions for non-
anadromous fisheries.

3) 1Initiate programs to introduce alosid stocks into waters
which historically supported, but do not presently support,
natural spawning migrations; expand existing stock re-
storation programs; and initiate new programs to enhance
depressed stocks.

4) Recommend and support research programs which will produce
data needed for the development of scientifically rigorous
management recommendations relating to sustainable and
acceptable yields, the preservation of acceptable stock
levels, and optimal utilization of those stocks.

The plan objectives are sound, achievable, and relevant to

the current problems and needs of the alosid populations

addressed within the FMP. The plan 1s necessary and essential

to assure coast-wide coordination of research and management

of these species. The inclusion of four (4) species in a

single plan has tended to focus attention on the more economi -

cally important species, such as American shad, at the



expense of the other species, in particular,,hickory shad.
Status of the Stocks

American Shad - New England (Maine through Connecticut)

In recent years there has been no substantial directed ocean
fishery, although from 1980 to the present the individual state
Ocean landings have ranged from 23,000 to 68,000 pounds annually.
Stocks are currently down in the Connecticut (CT) and Pawcatuck
(RI) Rivers, while the Merrimack River run is expanding.

Mid-Atlantic (New York through Virginia)
Sincev1980, ocean fisheries for shad have shown stable or moderate
to shaﬁp increases in landings. Sharp increases in landings
were @ést notable in New York (Eastern Long Island) and Virginia
(Rudykinlet area). The Hudson and Delaware Rivers in 1986 showed
the best YOY indices ever recorded and Maryland's Upper Bay and
Susquehanna River showed an increased run of 27,000 adult fish, )
up from 11,000 fish the previous year. Virginia stocks are reported
to be relatively stable in recent years.

Southeast Atlantic (North Carolina through Florida)
The 1986 South Carolina ocean fishery contributed 48% of state-wide
landings and the North Carolina ocean fishery for shad around
éape Fear has increased substantially.

River Herring - New England

Since 1976, Maine has been the major contributor to New England
rivef herring landings.. Landings throughout the region have
shOané«major downward trend since the early 1970's and in the
past f;@f (4) years, Maine landings have declined dramati-
cally i; those rivers which traditionally contributed the majority
of the catch.

Mid-Atlantic ‘
Landings have declined dramatically since the mid-1960's andg
have remained very low in recent Years, particularly in Maryland
and Virginia which were traditionally the major producers in
the mid-Atlantic area.



Southeast Atlantic
Landings reached a low in the early 1980's and have begun to
recover since that time. North Carolina is the major contributor
to landings in the southeast region.

Status of Research and Monitoring

Maine, Rhode Island, New York, Delaware, Pennsylvania, Mary-
land, South Carolina and Georgia have implemented or expanded
research and monitoring measures since development of the plan.
Those states which have ongoing projects involving American shad
and river herring are achieving the plan's objeétives and developinc
baseline data through YOY indices and determination of exploitation
rates. The Committee is working to establish information on exploi-
tation rates of American shad in eleven (11) éifféfent riQer
systems. However, some states with stable or increasing stocks
have not seen a need to dedicate funding and manpower for data
gathering purposes.

Except for North Carolina, there is a clear lack of activity
in géthering information on hickory shad throughout the entire
range of this species. Little data is available - outside North
Carolina - on the basic life history of the specieé and little
effort is expended on gathering recreational/commercial landings
data.

Status of Management Measures

Objeétive #1 has been slow in implementation with respect
to coastal intercept fisheries because of lack of knowledge of
the origin of these stocks. Recent tag/recapture studies undertaker
by South Carolina indicate that a high proportion of coastal
catches may be originéting from South Carolina rivers or rivers
to the south of South Carolina. An emerging ocean fishery in
the Cape Fear area may be exploiting more northerly shad stocks.
North Carolina intends to initiate an ocean tagging program in
this area to attempt to determine sources of stock in this fishery.
However, the timely ISFMP involvement in the Mid-Atlantic Council
plans for allocation of mackerel to foreign fisheries has averted
a serious potential problem for recovery of Chesapeake Bay alosid

stocks.



Objective #2 - Improvement in habitat quality (water quality
and establishment of instream minimum flows), fish protection
devices (downstream migrant facilities and SCreens to prevent
impingement/entrainment mortélities), and improvement in habitat
accessibility (upstream fish passages), has been particularly
successful in New England and is gaining momentum in the middle
Atlantic states. However, Chesapeake Bay stocks have not vet
demonstrated any signs of significant recovery from the precipitous
declines of the early 1980's.

Objective #3 - Efforts to restore alosid stocks to historical
spawning areas and to rehabilitate depressed stocks are showing
progress in New England and selected areas of the mid-Atlantic
(e.g., Delaware River, James River, and Potomac River).

Objective #4 - Support for research to produce essential
management/restoration data is being undertaken by a number of
states, especially with respect to American shad and, to a lesser
degree, with river herring. ©Little or no effort is currently
being expended on hickory shad.

Recommendations

1) Investigate the feasibility of expanding cooperative
river basin studies ang bPrograms in the southeast which are
similar to the northeast and mid-Atlantic programs to
address habitat and reséurce needs of southeastern alosid
stocks; :

2) Continue pProgram coordination through annual meetings
of *the Boérd and S&S Committees; .

3) Provide fundingvsupport to expand the coastal shad tagging
pPrograms in North and South Carolina to determine origin
of stocks in these fisheries;

4) Sponsor and Support a stock assessment workshop on shad
and river herring;

5) Carry out a state-by-state review of water quality standards
and provide a current status report on habitat and water
quality;

6) Add to research needs the following item: studies to

determine the age at first maturity for American shad;



7)

8)

9)

10)

Determine the existence and extent of intercept fisheries
for Maryland shad and river herring in the lower Chesapeake
Bavy;

Encourage studies of life history of hickory shad by
individual states, universities, or private research
groups;

Increase effort to collect recreational catch data on
American shad, hickory shad, and river herring; and
Initiate studies concerning the impacts of anadromous

alosid restoration programs on water quality and resident

inland species.






1985 Shad & River Herring Fishery Management Plan Review

The goal of the plan is to promote, in a coordinated coast-
wide manner, the protection and enhancement (including restora-
tion) gf shad and river herring stocks occurring on the Atlantic
seaboard. The plan's objectives focus on the need to control
harvest, improve habitat accessibility and qualify, restore and
enhance extant and depleted alosid stocks respectively, and
recommend/support research programs to provide data for manage-
ment purposes. A number of individual states' studies are on-
going to acquire those data necessary to achieve plan objec-
tives. A major contribution of this plan is that the Board and
S&S Committee serve as a focal point to address problems of
common interest, such as the impact of the mackerel foreign
fishery allocation on alosid stocks of the mid-Atlantic states.
Additionally, the plan provides a vehicle for coordination of
research and management of alosid stocks, particularly as it
relates to coastal intercept fisheries. The plan 1is adequaté
and relevant to the current problems and needs of alosid popula-

tions and fisheries.

Recommendations: 1) Investigate the feasibility of ex-

panding cooperative river basin studies and programs in the
southeast to address habitat and resource needs of southeastern
alosid stocks;‘Z) continue program coordination through annual
meetings of the Board and S&S Committees; 3) provide funding
supporﬁ to expand the coastal shad tagging programs in North

and South Carolina to determine origin of stocks in these fish-
eries; 4) sponsor and support a stock assessment workshop on shad
and river herring; 5) carry out a state-by-state review of water
quality standards and provide a current status report‘on habitat
and water quality; 6) add to research needs the following item:
studies to determine the age at first maturity for American
shad; 7) determine the existence and extent of intercept fish-
eries for shad and river herring in the lower Chesapeake Bay;
8) encourage studies of life history of hickory shad by indi-
vidual states, universities, or private research groups; 9) in-
crease effort to collect recreational catch data on American

shad, hickory shad, and river herring; and 10) 1initiate studies
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concerning the impacts of anadromous alosid programs

on water
quality and resident inland

species.

September, 1987
River Herring Review Subcommittee
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FOREWORD

This supplement to the ASMFC Fishery Management Plan for
American Shad and River Herrings was prepared by Dr. William A.
Richkus, of Versar, Inc., ESM Operations, under Contract #86-2
from the Atlantic State Marine Fisheries Commission. Included
in this document are reports prepared by the ASMFC Shad and
River Herring Stock Assessment Subcommittee, chaired by Dr.
Victor Crecco of Connecticut, and summaries of material pre-
sented at a research workshop held in Annapolis, Maryland, in
July 1987. Funds were provided by the U.S. Department of
Commerce, NOAA, National Marine Fisheries Service (Northeast
Region) under P.L. 89-304, project AFC-4. For bibliographic
purposes, this document should be cited as follows:

Atlantic States Marine Fisheries Commission. 1988.
Supplement to the Fishery Management Plan for the
Anadromous: Alosid Stocks of the Eastern United States:
American Shad, Hickory Shad, Alewife, and Blueback
Herring. Washington, DC. 210 pgs.
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