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ABSTRACT

This report summarizes Project AFC-8 ("Survey of Anadromous
Fish Spawning Areas") stream investigation and improvement acti-
vities for the entire study period of July 1970 to January 1975.
In the Potomac River drainage (segments 1, 2, and 5) the study
area extended from the river mouth at Chesapeake Bay to Little
Falls Dam, at river mile 117.4, in the Washington, D. C. area.
The river and more than 100 streams in the Maryland portion
(eastern side) of the river drainage located in Washington, D. C.
and the Maryland counties of St. Mary's, Charles, and Prince
George's were surveyed. The area of investigation also included
both eastern and western shores of the Upper Chesapeake Bay
drainage (segments 3, 4, and 5) from the Chesapeake Bay Bridge
(mouth of Magothy River) north to the Pennsylvania boundary, east
to the Delaware boundary, and west to the headwaters of Maryland
river systems in this sector of the Bay drainage. Approximately
200 streams in twelve of the thirteen area river drainages (Ches-
ter River drainage excluded) located in Baltimore City and the
Maryland counties of Anne Arundel, Baltimore, Howard, Harford,
Cecil, and Kent, were investigated.

The four and one-half year study included four inter-related
jobs or types of stream investigation: Literature and Data Re-
view, Fishery Investigation, Stream Investigation, Data Summari-
zation and Storage/Preparation of Report.

Literature and data reviews (Job I) were conducted for study
area streams to aid in planning field investigations and as a
supplement to field inventories for documentation of the known
pollution sources, habitat, barriers and other stream conditions.

Fishery investigation (Job II) consisted of biological
sampling in watercourses to determine the presence of anadromous
fish species, spawning locations, and nursery (young-of-year) area
Streams.

Biological sampling on 310 streams and rivers compiled over
7,000 combined trap and plankton samples which documented 198
anadromous fish spawning streams for one or more species. Haul
seining in estuarine study area streams recorded young-of-year
nursery areas for anadromous species following their spawning
cycle, as well as resident fish species. Biological sampling for
anadromous species resulted in a survey and publication on the
American eel (Anguilla rostrata), a predatory fish species, to-
gether with the occurrence and abundance of other fish species in
anadromous study area, freshwater streams.

Stream investigation (Jéb III) was conducted on study area
Streams to inventory conditions for anadromous fish passage and
Spawning potential, including barriers, pollution, habitat, water
quality, and watercourse alterations. Each stream was walked to
the headwaters (source) or major barrier which comprised a survey
of anadromous fish bassage, and an inventory of Maryland stream
conditions. ‘

Stream improvements were effected on some watercourses by
referral of recorded problem situations to responsible local and




state enforcement agencies for corrective action. Development
of the Maryland Save Our Streams (SOS) programs and continued
technical assistance to participating citizen groups provided
improvements in some stream problem situations and the basis
far a national SOS program. 1In addition, four relatively small,
fishways were constructed in the Anacostia River drainage
through project cooperative assistance provided to participating
governmental agencies.

A computer system (Job IV) with query capability was de-
veloped for storing, retrieving, and displaying biological study
data. All biological study data including anadromous fish
trapping, plankton sampling and seining were computerized. Data
on stream usage by anadromous species and stream conditions were
provided to consultant and environmental review agencies for the
protection and management of the anadromous fish resource.

Various brochures, news releases, published articles, and
talks were developed for purposes of anadromous fish education
and conservation awareness.

Stream study information and resulting dissemination of
findings has been useful for referencing anadromous fish spawn-
ing streams and nursery areas, recording stream barriers, future
additional improvements in stream conditions, and assessment of
watershed developmental-type projects which cause stream altera-
tions associated with residential and commercial expansion.
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PREFACE

Anadromous fish included in the study are defined as
species which ascend streams and rivers from the ocean or
other saline stream areas to Sspawn. Species included in
this study are: alewife or branch herring (Alosa pseudo-
harengus), blueback herring (A. aestivalis), American shad
or white shad (A. sapidissima), and hickory shad (A. medio-
cris). 1In additiod to thess four species of the herring
(Clupeidae) family; striped bass or rockfish (Morone saxa-
tilis), and white perch (M. americana), members of the tem-
perate bass (Percichthyidae) family, were included. Yellow
perch (Perca flavescens), a species of the perch (Percidae)
family, was likewise included in investigations. The latter
two species migrations are generally confined to the Chesa-
peake Bay drainage system. Waile not oceanic in nature,
annual spawning migrations from tidal to freshwater streams
exceeds the upstream extent of some anadromous species
Sspawning runs. The two perch species are defined as estuarine.

All seven species are sought for both commercial and
sport catches. The commercial dockside catch value in Mary- '
land waters of anadromous species is approximately 1.4 mil-
lion dollars annually. The monetary impact of sport catches,
while not measured, probably exceeds that of commercial land-
ings. Of the annual anadromous commercial catches, striped
bass landings comprise nearly one million dollars and the other
combined anadromous Species cne-half million dollars. Commer-
cial and sport catches of anadromous species, therefore, gene-
rate a multi-million dollar annual enterprise in Maryland alone,
as well as constituting an important natural Atlantic Coastal
resource.

Biological sampling to document the occurrence, spawning
Streams, and nursery areas of the seven anadromous species in
Maryland waters and related watercourse surveys to inventory
and improve stream conditions were conducted for over 300 water-
courses in seventeen river drainages. The principal spawning
areas of anadromous species, other than striped bass, were not
documented prior to the present study. Documentation of spawn-
ing and nursery areas has, therefore, provided a basis for
Protection and Management of the Maryland anadromous fishery
resource. ,

This report is intended to Sérve as a management guide or
index to Anadromous Fish Spawning and Nursery Streams. Species
abundance data is contained in computer print-outs of biological
data, not included herein.

This study summarizes anadromous fish spawning and nursery
area streams for all principal watercourses in the Potomac River
and upper Chesapeake Bay drainages, except for the Chester River
drainage which is currently being inventoried (1975-76).

The study does not present abundance of spawning or nursery
(young-of-year) species. Abundance (numbers) of eggs, larvae, and
young of year fish were inventoried, however, the extensive amount
of data prohibits the inclusion of species abundance in this re-
port.




Ail 317 walsvorourses that were surveyed for anadromous

spawnlng are listoed by sub-basin drainages in Tables I to IX

(List -~ Jabicg, rage V). Anadromous species are indicated

for ez watarcour. e vhere thev were present, based on the

CollsaCi:an of eqgs, larvae, or fish in spawning condition.

The distributicn oy each spawning species is also mapped
a5, page VII) for streams in each sub-basin drainage,

-

N

A 3% on da
togethar with dams and other stream structures.

A listing of all Spawning streams for each anadromous
Species in the Potomac River and Upper Chesapeake Bay drainages
is contained in Appendix A,

Streams containing young-of-year nursery areas are mapped
for each species in the Potomac River and Upper Chesapeake
Bay drainages (Maps LII to LXVI). A1l young-of-year nursery
Streams are also listed in Appendix B, with species occurrence.

Appendix A provides a rapid index to spawning streams,
while Appendix B references nursery streams, )

Data in this report should answer numerous inquiries, re-
lative to aradromous Spawning/nursery streams, that I have re-
ceived from resource managers in various State and Federal agen-
cies, consulting firms and other groups. This report should be
useful in environmental review of various stream and watershed
construction projects, such as highways, dams, channelization,
and other watercourse alterations where anadromous fish are
usually considered in the planning-construction process.

R
<\m\ RN

WY
Jngb'Dell, Natural
Resources Manager I

August 12, 1975
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FORWARD

A prior study, Project AFC-3, ("Stream Improvement Pro-
gram for Anadromous Fish Management"), comprised the first
Study phase of the Anadromous Fish Stream Survey Program
activities in Maryland. During the study, investigations were
conducted on selected streams located in forty-three river
systems on both shores of the Chesapeake Bay and for addi-
tional watercourses draining directly into the Atlantic Ocean.
Lack of sufficient Study time prohibited both intensive stream
site sampling and a comprehensive inventory of all streams and
rivers in the seventeen Maryland tidewater counties having anad-
romous spawning potential. With the exception of striped bass
investigations, no previous comprehensive stream studies had
been conducted for watercourses in Maryland to ascertain spawn-
ing areas for other anadromous fish species.

Field investigations during the first phase of Project
AFC-3 study were conducted during the period of June, 1967, to
September, 1970. Project activities included anadromous fish in-
vestigations, survey of stream conditions, stream improvement,
water quality sSurveys, and inventory of stream barriers. Study
findings were presented in two annual progress reports for Pro-
ject AFC 3-1 and Project AFC 3-2 respectively. A completion
report for the entire study period of June 1, 1967 to August 31,
1970, with stream study findings was also compiled. A supple-
mental data report, "Streams Having Seasonal Populations of
Adult Anadromous and Semi-Anadromous Fish", was completed to re-
cord documented spawning streams. ‘

Anadromous fish investigations were continued and extended
to specific areas of the State in a similar study, Project AFC-8,

"Survey of Anadromous Fish Spawnina Areas' Project AFC-8
started Septemper 1, 1970, at the termination of Project AFC-3.
Stream investigations started, however, during July, 1970, while
awaiting formal federal pProject approval for continuation cf
studies. The techniques and methodology developed during former
Project AFC-3 study Segments became the basic guidelines for
Project AFC-8 investigations. Project AFC-8 studies, unlike
Project AFC-3, concentrated Study efforts on comprehensive anad-
romous fish inventories of all Streams in designated river
drainages.

The five study Segments of Project AFC-8 spanned a period
of four and one-half years, from July, 1970 to January, 1975.
All principal streams and rivers on the Maryland side of the
Potomac River below Washington, D. C. and in upper Chesapeake
Bay area located north of the Bay Bridge crossing, with the ex-
ception of the Chester River drainage, were surveyed for anadro-
ous species and stream conditions.,

Anadromous fish investigations are continuing for other
areas of Maryland. Project AFC-9, "Survey and Inventory of Anad-
romous Fish Spawning Areas, started in January 1975 at the con-
clusion of Project AFC-8. The three segments will include in
Sequence, the Chester River drainage (two years), lower western
shore drainages of Chesapeake Bay (one year) and the Patuxent
River drainage (two vears), during the period of 1975 to 1980.



xvi

After completicn of Project AFC-9, all potartial
anadromous fish spawning streams in Maryland will be
inventoried, eéxcept for the lower eastern shore drain-

ages of Chesapeake Bay (south of the Bay Bridge) and the
Atlantic Coast drainage streams.
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INTRODUCTION

Seventeen Maryland counties have streams and rivers
with open access to the Chesapeake Bay or Atlantic Ocean.
Some of the streams in the seventeen tidewater counties,
therefore, have the potential for ocean runs of fish.
(Map I). (Lower Montgomery County, accessible only to Little
Falls Dam, is not included).

Inventories of anadromous fish spawning and nursery
area streams and related watercourse surveys to document and
improve stream conditions for fish propagation were com-
pleted for the principal tidal and freshwater stream-courses

- in two major areas of Maryland, the Potomac River Drainage

and the Upper Chesapeake Bay Drainage.

In the Lower Chesapeake Bay Drainage, the Potomac River
Drainage Study comprised four sub-river systems. Surveys
on the Maryland side of the river included streams in St.
Mary's, Charles, and Prince George's counties (Map II).
Watercourses within Washington, D. C., located in the Rock
Creek and Anacostia River drainages and Potomac River proper
in lower Montgomery County were also surveyed. A total of
116 streams were inventoried in the five river drainages of
the Potomac Watershed below Little Falls Dam, at river mile
117.4, for spawning.

The Upper Chesapeake Bay Drainage Study included twelve
rivers and their drainage systems, located in Anne Arundel,
Baltimore, Howard, Harford, Cecil, and Kent counties (Map III).
Additional watercourses draining directly into Chesapeake
Bay, including their tributaries, within study area counties
were also surveyed. A total of 194 streams in the twelve
river drainages located on both shores of the Bay were sur-
veyed for anadromous species. All river systems of the State
north of the Chesapeake Bay Bridge to Pennsylvania and Dela-
ware boundaries were included, except for the Chester River
Watershed.

Investigations were conducted for all streams, generally a
mile or greater in length, within the two major study areas of
the upper and lower Chesapeake Bay drainage. Surveys to do-
cument barriers and other stream conditions generally extended
to the headwaters of inventoried streams and rivers. In a re-
latively few instances, surveys were terminated at sites of
major impoundments and at the Pennsylvania and Delaware boun-
daries. Surveys commenced at the mouth of tidal watercourses
and extended to the limit of tidal influence. Freshwater
watercourses, were also surveyed from mouths to headwaters,
by walking each stream course.

Biological sampling for spawning documentation was esta-
blished generally at one to three mile intervals in both tidal
and freshwater streams, depending on stream accessibility and
the location of barriers. Sampling to ascertain nursery areas
was conducted in tidal streams, based on one to five sites
per stream. :
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MAP III

Project AFC-8 Study Area in the Upper Chesapeake Bay Drainagel/‘
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For purposes of this study a stream or watercourse is
hereafter defined as any course of water having banks and
flowing water, either tidal or fresh. The term stream or
watercourse refers to bodies of water commonly referred to
as rivers, creeks, branches, coves and inlets. A stream or
section of watercourse having tidal influence is referred
to as an estuary. The terms estuarine and tidal are used
synonymously in this report, as are stream and watercourse.
The term freshwater stream denotes an absence of tidal in-
fluence, including tidal-fresh water, and is indicative of
flowing water from inland areas.

Stream data was collected for a total of eight sub-basins
(watersheds) in the main Chesapeake Bay Drainage Basin (Map IV).
The sub-basin watershed designations and delineations were
developed jointly by the Anadromous Fish Program and Maryland
Water Resources Administration. A common hydrological basis
for collecting, storing, and retrieving, computerized stream
data was essential to studies of both groups, as well as other
state agencies. Anadromous Fish Study data is, therefore,
presented separately for each sub-basin in the two major study
areas. A listing and physical description of each watershed
sub-basin and their major watercourses (sub-sub basins) are
included with Job II, "Fishery Investigation".

Project AFC-8 study activities were comprised of four
inter-related jobs, all of which were completed during the
four and one-half years of study. This report includes a life
history summary of anadromous species, followed by a summation
of study activities and findings by job for the five combinéd
study segments as follows:

Job I. Literature and Data Review
Job II. Fishery Investigation
Job III. Stream Investigation

Job IV. Data Summarization and Storage, Preparation
of Report
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GENERAL LIFE HISTORY OF ANADROMOUS
FISH SPECIES IN MARYLAND

Anadromous fish are defined as fish species which live
their adult lives in ocean waters, but return to freshwater
rivers and streams to Spawn. Anadromous fish species that
spawn in Maryland include: American shad, hickory shad,
alewife, blueback herring, and striped bass.

Estuarine species spend their adult years in bays and
rivers where the salt content is less than ocean waters, and
ascend freshwater streams to Spawn. Estuarine fish species
in Maryland include white perch and yellow perch.

STRIPED BASS (Morone saxatilis)

The striped bass or rockfish is the official State fish
of Maryland. It is Maryland's most valuable and prized species,
both to the sport and commercial fisherman. It is an anadromous
species that inhabits the entire Chesapeake Bay proper, includ-
ing some tidal-fresh streams.

Striped bass spawn between April and June in tidal-fresh
or slightly brackish water. They require large rivers with a
strong flow for Spawning. The striped bass eggs are semi-
buoyant and require flowing waters to keep them afloat. The
homing instinct is strong in striped bass, for they return to
the same rivers to spawn in successive years. )

After hatching, the young larvae move into low-salinity
waters of river nursery areas. As they mature, young striped
bass move downstrean, concentrating along the shoal areas of
the Chesapeake Bay and tributary streams to feed during their
first summer. With the approach of winter, they move to deeper
off-shore estuarine waters.

WHITE PERCH (Morone americana)

Like the striped bass, the white perch is sought by commer-
cial and sport fishermen for its fine flavor. This species is
also preyed upon by larger predators.

White perch are estuarine, migrating from tidal waters to

and tidal freshwater, there are Separate white perch populations
which apparently remain within specific tributaries, such as the
Potomac and Magothy rivers.

Ripe white perch can be found as early as March moving up-
Stream to fresh water to Spawn. Adult white perch remain on the
Spawning grounds until early June. White perch eggs are slightly
heavier than water and adhesive. They attach underwater to tree
limbs and debris or on firm sandy bottoms.



After hatching, the larvae move downstream to nursery
areas. As they grow, they move further downstream into shal-
low beach areas to feed. With the approach of winter, both
adults and juveniles move to deeper water (generally greater
than 40 feet) where it is warmer,

YELLOW PERCH (Perca flavescens)

The yellow perch is another estuarine fish that inhabits
the Chesapeake Bay in all major tributaries and streams. They
are primarily a freshwater fish, but have adapted to the estua-
rine conditions of the Chesapeake Bay. They prefer low salinity
portions of the Bay except during the spawning season.

Yellow perch are generally the first anadromous fish spe-
cies to migrate upstream to freshwater in the spring. They
usually appear in freshwater in late February and are gone by
mid-March. The upstream Spawning migration usually marks the
upper limit of the yellow perch distribution in streams of the -
Bay drainage.

The yellow perch €ggs are easily recognized as long, yellow,
gelatinous strands of eggs which adhere to limbs and other debris
in streams.

Spent fish move downstream after spawning. They remain
within their particular river system throughout the summer and
winter, rarely moving out into the Chesapeake Bay proper.

AMERICAN SHAD (Alosa sapidissima)

The American shad has long been considered a delicacy by
many. Shad roe (eggs) are especially prized. Although numbers
of this species have declined dramatically in this country, they
are still fished commercially. Anglers look forward to the spring
shad arrival in various rivers of Maryland where the shad provides
a rather intense sport fishery.

Spawning occurs during April and early May in tidal-fresh
water. Adults return to the ocean after spawning, while the
juveniles remain in the Bay and its tributaries until fall or
even for their first year. They then migrate to ocean water
where they reach maturity. Tagging studies show that shad can return
to the site where they were spawned with much accuracy.

HICKORY SHAD (Alosa mediocris)

The hickory shad is regarded as a unique sportfish. It moves
into larger streams and can be caught on light tackle during the
spring and in ocean inlets during the summer months.

Hickory shad populations have suffered historical declines
in Maryland and currently appear to be in a population low.

Adult hickory shad are Oceanic and estuarine fish whose move-
ments are unknown. It is generally believed that they stay fairly
Close to the mainland as well as in the estuaries. Adults enter tidal
freshwater in late April to spawn and are usually gone by mid-June.

Juveniles leave the nursery areas in early summer to return
to sea. Some specimens, less than one year old, however, have

been found in the Bay and its tributaries throughout most of the
year.



ALEWIFE (Alosa pseudoharengus) and BLUEBACK HERRING (Alosa
aestivalis)

The alewife and blueback herring are the most numerous
of the oceanic anadromous fish species in the Chesapeake Bay
drainage. They are harvested for reduction to nutritional
organic supplements, or for processing as canned fish pro-
ducts.

The two herring species enter their spawning streams
slightly earlier than the shad. Spawning occurs in small
freshwater streams, often less than ten feet in width. The
alewife spawning runs usually occur from late March through
April, while the blueback herring runs begin the last half
of April and continues through the first half of May. After
spawning, the adults move downriver to lower estuaries and
Chesapeake Bay. As winter approaches, they move to deeper
Bay water and then to the sea. The young-of-year fish fol-
low this same general migration pattern.
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JOB I. LITERATURE AND DATA REVIEW

Literature and data reviews were conducted to provide
information on previous stream studies and inventories in
order to document known stream conditions. Relevant data
was incorporated into each segment of this study, following
field inspection and verification.

A. Data Review

Prior to establishing study stations for each segment
of this study, all preceding study segments were reviewed.
Shore habitat, watershed conditions and types of improve-
ments that were made in stream conditions during Project AFC-3
(Stream Improvement Program For Anadromous Fish Management)
to promote fish passage were taken into consideration in deter-
mining the location of study stations for each study segment.,
Stream barriers to anadromous fish, documented for some
streams in previous AFC-3 study segments, were reviewed each
year. Knowledge of the location of stream barriers, which
often prohibit fish passage, was essential in the selection
of biological sample sites. Previously documented stream
barriers were incorporated with those documented in Project
AFC-8 stream surveys. Data from past and current surveys es-
tablished potential limits of anadromous spawning migrations
for inventoried watercourses.

B. Literature Review

Prior to and in the course of each study segment, litera-
ture that was pertinent to the study area was reviewed. The
Maryland wetland inventory conducted by the State Department
of Game and Inland Fish in 1968 was reviewed for stream habitat
assessment. One limitation of this reference was the fact that
no wetland areas of less than five acres were included in the
inventory. Referral was made to topographic (county and 7%
minute series) and wetland maps. Wetland maps were used in re-
cording some of the previously documented habitats along streams.
Topographic maps were used in locating sample sites and
referencing documented stream conditions. The Maryland State
Health Department listing of sewage plant outfalls and status
of treatment was used to document and record this type of stream
pollution. Significant Sources of Wastewater Discharges in
Maryland was used to document discharges of industrial and muni-
cipal operations. This same source was also used in giving a
brief description of each basin and sub-basin, which is found
later in this text under Trap and Plankton Net Findings. The
Water Resources Law of Maryland was used as a guide in deter-
mining whether certain Stream conditions should be referred for
corrective action.

The striped bass spawning areas were delineated in Striped
Bass in Marvyland Tidewater, and confirmed by project sampling.
Life history studies of other anadromous species were reviewed.
Other watershed literaturs and management agencies were consulted
at intervals for information useful in survey activities.




Limitations of previous studies for use in this study in-
cluded the fact that there were no previous documentations of
anadromous spawning areas, except for the striped bass. Also,
no prior inventory existed for dams and other stream blockages..

The data and literature review provided essential information
for planning this study and referencing of some stream conditions
for later field investigation.

A complete listing of all references used in this study appear
on pages 183 and 184,

C. Literature Development

During the course of the Study, literature was developed by
project personnel for purposes of promoting anadromous fish edu-
cation and conservation.

A slide talk on the "Anadromous Fish Stream Survey" (Project
AFC-8) activities was developed and presented at various conserva-
tion group meetings. Another slide talk was developed for the
Save Our Streams (S. 0. S.) programs in order to promote stream
surveillance and improvement practices. ‘

Statewide news releases were issued to newspapers, radio sta-
tions ahd television stations each year on anadromous spawning
and nursery area surveys and other phases of investigation activi-
ties.

" Various articles on project activities and findings were written
and published in several state conservation magazines each year.

A brochure on anadromous fish species and survey activities
was developed. Copies of this publication were distributed state-
wide at natural resource conferences and to various state and
federal management agencies.

A brochure was written for the Maryland Save Our Streams pro-
gram which outlined procedures for surveying and improving water-
courses to improve fish propagation.

Information on anadromous spawning streams and other informa-
tion on watercourses was provided to local, state and federal natural
resource management agencies. Stream data was used in environmental
review of proposed watershed development projects.

A listing of anadromous Spawning streams and dams was compiled
and distributed to state natural resource agencies which was also
useful in environmental review.



JOB II. FISHERY INVESTIGATION

Introduction:

Objectives of this job were to determine streams support-
ing spawning runs of anadromous fish, document species and
spawning areas for various streams, and ascertain nursery areas
for these species in the Potomac River drainage system (Mary-
land portion) and the upper Chesapeake Bay drainage system.

Fishery investigation included three different phases:
trap net survey (adult fish trapping), both inland and estua-
rine plankton survey (fish eggs and larvae sampling), and
seining survey (young-of-year sampling). Unless otherwise
stated, the total number of streams investigated for each study
segment mentioned below includes sub-totals for all three phases
of biological survey.

There were three study segments conducted in the Potomac
River drainage system during this study (segments 1, 2, and 5).
The first two study segments, Projects AFC-8-1 and AFC-8-2,
were conducted from September 1, 1970 to December 31, 1971.

The study area, on the Maryland portion of the river drainage,
extended from the mouth of the river to Little Falls Dam and
Fishway, located 117.4 river miles above Chesapeake Bay (Map II).
Maryland counties within this study area included St. Mary's,
Charles, and Prince George's. Streams in Washington, D. C. be-
low Little Falls Dam were also included in the study. .

The fifth study segment, Project AFC-8-5, covered the period
from January 1, 1974 to December 31, 1974. The study area was
the same as for segments one and two. During this segment,
streams having anadromous fish propagation potential, but not
previously investigated in earlier study segments, were sampled.

A total of 32 streams within the Potomac River drainage were in-
vestigated during the fifth study segment. The stream total
includes sub-totals from the trap net and plankton surveys only.
Seining was not conducted during this study segment because of
prior coverage.

A total of 135 streams in the Potomac River drainage were
investigated during the three study segments.,

The upper Chesapeake Bay drainage system, for purposes of
this study, included the Chesapeake Bay proper and all its tri-
butaries north of the Bay Bridge, except the Chester River drain-
age (Map III). The upper Bay drainage system was divided into
three study segments (Segments 3, 4, and 5).

Study segment 3, Project AFC-8-3, was conducted in the area
bounded by the Gunpowder River on the Bay's western shore and
Fairlee Creek on the eastern shore (Map III). Maryland counties
within this study area included Baltimore, Harford, Cecil and
Kent. Major river drainages included the Bird River, Gunpowder
River, Bush River, Susquehanna River, Northeast River, Elk River,
Bohemia River, and the Sassafras River. Several smaller water-
courses emptying directly into the Bay within the study area were
also investigated during the fourteen month study (January 1, 1972
to February 28, 1973).



Study segment 4, Project AFC-8-4, was conducted during
the period of March 1, 1973 to December 31, 1973. The area
of investigation extended from the Chesapeake Bay Bridge
north along the western shore of the Bay to the Gunpowder
River, which included streams in Anne Arundel, Baltimore
and Howard counties and Baltimore City (Map III). Four
river drainage systems (Magothy, Patapsco, Back and Middle
rivers) were inventoried, plus two streams in the lower
Gunpowder River not previously surveyed. In addition, seve-
ral watercourses emptying directly into Chesapeake Bay and
their tributaries were also investigated. Originally, the
Chester River drainage was to be included in this study seg-
ment, however, to accommodate the lower federal funding
available to Maryland and the lack of sufficient time for
coverage, the drainage was deferred to a future year.

During study segment 5 (mentioned earlier), streams
having the potential to support anadromous fish runs, but not
investigated to date, were inventoried. The study area was
bounded by the lower Gunpowder River drainage on the western
shore of the Bay and the Sassafras River drainage on the
eastern shore (Map III). Previously non-inventoried streams
on both shores of the Bay were surveyed for anadromous species.

During study segments 3, 4, and 5, a total of 223 streams
were investigated in the upper Chesapeake Bay drainage system.

In determining streams which support runs of anadromous
fish, both trap net and plankton sampling must be considered.
Trap net data documents the presence of captured adult anadro-
mous species, however, at times species present in the stream
may be missed entirely. Plankton samples document actual
spawning activity of species captured. Again, however, eggs
and larvae of anadromous species present in the stream may be
missed completely. Trap nets and plankton samples together,
are reliable for documenting the presence of anadromous fish
species, and indicate spawning streams. If certain anadromous
fish species are not documented in either trap net or plankton
survey data for a particular stream or site, this indicates
that the species does not occur in that stream.

Part I. Inventory of Anadromous Fish Spawning Areas

A. Objectives

The objective of the trap net survey was to deter-
mine streams supporting runs of anadromous fish. No
attempt was made to estimate populations of species.
Trap nets were used to document only the presence of
fish.

A plankton sampling survey was conducted to deter-
mine actual spawning activity in inland and estuarine
streams. Through this method, it was possible to deter-
mine species spawning areas for various streams.



T

o G N B A &y am W M 2 =

B.

Methods and Procedures

1.

Trap Net Survey

Potential spawning streams were selected from
county topographical maps on the basis of stream
length greater than one mile, salinity less than
3.5 parts per thousand, and absence of stream bar-
riers. Where stream barriers were encountered,
sites were established on the downstream side of
the barrier.

Stations were selected at road crossings or
other access points near stream mouths. Successive
upstream stations were established at approximately
one mile intervals or below barrier sites.

Inland freshwater streams and upper portions
of estuarine streams were sampled generally from
mid-March to mid-June each year. The sampling ‘
period covered the normal spawning period for all
anadromous fish species in Maryland.

Biological sampling was accomplished by using
a l4-inch diameter wire trap net having a one-inch
mesh (Figure I). The four foot long traps had wire
funnels one foot in length tapering to a five-inch
rear opening. Traps were placed in the streams so
that they could rest on the stream bottom. The fun-
nel end of the trap was always placed facing down-
stream to capture fish which may have been migrating
in an upstream direction. Attachment lines from the
traps were anchored to the stream bank to prohibit
them from being carried downstream by the current.
The traps were set on an established sampling day
and retrieved approximately 24 hours later (Photo I).
Each stream site was sampled once a week throughout
the sampling period each year.

Trap design permitted sampling all streams re-
gardless of size or shoreline habitat, especially
where other gear was impractical. Trap versatility
also allowed sampling under varied conditions during
which spawners were migrating upstream; whether day
or night, various water temperatures, currents, wea-
ther conditions, and tidal cycles.

One limitation of this trap was selectivity for
fish species. During this study, no shad were col-
lected in the traps, even though their presence was
documented by plankton samples and visual observation.
Striped bass were never captured in the traps, however,
this was due to the fact that the traps were never set
in areas where striped bass spawn (tidal-fresh water
of major river mouths). Occasionally, adult spawners
of other anadromous species were missed even though
they could be seen in the stream near the trap. 1In
some cases, the fish were migrating upstream on the
opposite side of the stream from the trap. In other
cases, the spawning run was of such low volume that
the fish could actively avoid the trap. Reliability

1
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was obtained by combining the trap net survey
with the plankton survey, supplemented by visual
observation recordings. If adults were missed
in the traps, the eggs or larvae of these adults
were captured in the plankton samples. Sampling
continued for twelve weeks during each study seg-
ment with two biological samples taken each week
(one trap and one plankton sample). Each stream
studied had an average of twenty-four biological
samples taken from it. The probability of docu-
menting some life stage of all anadromous fish
species present was nearly 100%.

All fish were removed from the trap through
a release flap. Anadromous species caught were
identified and sexed. Spawning conditions were
recorded as immature (non-spawner), ripe (spawner), .
or undetermined (either unripe or previously
spawned). After identification, anadromous species
were released into the stream. Non-anadromous
species were identified, measured for size, and
then released into the stream. If field identifi-
cation was impossible, the fish were labelled with
collecting data and preserved with 10% formalin
for later laboratory identification.

Additional data recorded on the computerized
Trap Net Survey Form (Figure II) included sample
date and time, stream type (intermittent, perennial,
freshwater, freshwater impoundment, or tidal stream),
weather, tide stage, water temperature, conductivity,
and salinity. Temperature, conductivity and sali-
nity readings were recorded weekly for estuarine
(tidal) trapping sites. Conductivity and salinity
for inland freshwater stations were recorded once
at the beginning of the survey, since readings were
relatively constant.

Plankton Survey

Two different methods and gear were used for
the plankton sampling. A square stream drift net
was used to sample relatively shallow inland streams
and a circular half-meter net for estuarine sampling.
Data parameters recorded for both methods were the
same. Data was recorded on the computerized Plankton
Survey Form (Figure III).

Field recording consisted of station descriptive
information, including: sample date and time, water
type, stream depth, weather, tide state, water tem-
perature, conductivity, salinity and gear code. Bio-
logical data was recorded later in the laboratory
following identification of collected specimens.
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a. Inland Plankton Sampling

Inland plankton sampling was conducted in
conjunction with adult fish trapping. Inland
Stream sites were chosen at the same locations
as for those in the trapping survey. The plank-
ton sample was taken on the days the traps were
retrieved. A five minute sample was taken using
a 15-inch square framed net (Figure IV).

The tapered net was four feet long, includ-
ing a quart mason jar at the end, and had 28 x 50
meshes per square inch. Because of its design, the net
permitted sampling of shallow streams, and also
allowed the collection of demersal type eggs,
characteristic of the herrings, white perch, and
the two species of shad (Photo II). For streams
less than 15 inches deep, the surface water as
well as the stream bottom was sampled. Placing-
the plankton net on the stream bottom permitted
suspended and floating material to flow into the
net and funnel down into the collection jar. The
contents of the jar were preserved in 10% formalin
for later laboratory identification.

b. Estuarine Plankton Sampling

Weekly estuarine plankton sampling was con-
ducted from project boats and also with the as-
sistance of boats operated by Natural Resources
Police, Marine Division.

A 0.5 meter diameter circular hoop with a
28 x 50 mesh per square inch nylon plankton net
was towed by a boat against the tide at the water
surface for five minutes (Photo III). Organisms were
collected in the net and funneled down into a
quart mason jar. The sample was preserved in 10%
formalin and retained for later identification.

Laboratory Activities and Methods

Laboratory identification usually began in late
June each year and terminated when all samples were
identified. All anadromous eggs and larvae were
identified to species with a few exceptions.

Because of the similar characteristics of A.
pseudoharengus and A. aestivalis eggs and larvae,
their presence was recorded as herring species. Docu-
mentation of spawning streams for both species is
based on trapping data, whereas plankton data indi-
cates either or both species. In a few instances,
hickory shad eggs could not be distinguished from
those of the two herring species, whereby an indeter-
minate identification of the three species was made.

Larvae of the striped bass and white perch could
not be identified to species at the 8 to 20 millimeter
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size range and were, therefore, identified as
Morone species. In some collections, menhaden
larvae were found with larvae of one or more of
the four Alosa species. When species identifi-
cation was uncertain, a Clupeidae (herring) fa-
mily grouping and identification was assigned to
the collection.

' Biological data recorded in addition to spe-~
cies, were total number of eggs and larvae col-
lected for each Species, indicating general abun-
dance.

Additional Biological Sampling

During 1974, a Study was conducted on seven
Streams in Maryland to determine the American eel
(Anquilla rostrata) population and the occurrence
of elver migrations.

The survey was conducted in the Potomac River
and upper Chesapeake Bay drainages, corresponding

‘ to areas of anadromous fish investigation.

The study was conducted primarily to provide
data on the occurrence and abundance of the Amer-
ican eel, a predatory fish species. The American
eel, while catadromous in migration patterns, may
have possible significance by affecting the anad- .
romous fishery, through its predatory behavior
and is likewise a commercial species. In addition
to eels, the occurrence, relative populations, and
poundage of other fish species were documented.

The frequency of sampling precluded the docu-
mentation of anadromous Spawning runs and collec-
tion of anadromous species, therefore, survey
data is not presented in this report. A separate
publication, A Preliminary Study of the Occurrence
of the American Eel and Other Finfish Species in

Maryland was compiled which presented study findings.



C. Findings

Section I: Findings for the Potomac River Drainage
Spawning Survey

There were two major watersheds (sub-basins) studied
within the Potomac River drainage system, the Washington
Metropolitan Area and the Lower Potomac River Area. The
findings for each of these sub-basins are discussed below:

1. Washington Metropolitan Area

The Washington Metropolitan Area sub-basin
includes streams and bodies of water in Montgomery
County, the western half of Prince George's County,
and a small corner of northwestern Charles County.
The northeastern portions of these areas are part
of the Patuxent River watershed.

The sub-basin watershed includes the stretch
of the Potomac River from Dickerson at the Montgo-
mery-Frederick county boundary to below the mouth
of Piscataway Creek, near Marshall Hall. Streams
tributary to this section of the Potomac River in-
clude Seneca Creek, Cabin John Creek, Little Falls
Branch, Broad Creek and Piscataway Creek. The up-
per sections of Rock Creek, Anacostia River, and
Oxon Run drainages are Maryland waters, while the
lower sections of these streams flow through the
District of Columbia before entering the Potomac.
The southern, and larger, portion of this watershed
lies within the Coastal Plain, while the northwest
corner is part of the Piedmont Plateau.

Within the Washington Metropolitan Area, a total
of sixty-two sites on thirty watercourses were in-
vestigated in the southern sector of the sub-basin
below Little Falls Dam. Map V shows the locations
of the biological sampling sites within this area.

A summary table lists all the streams, by name, that
were investigated during this study.

Yellow perch were documented at only two bio-
logical sampling sites. One site was on the Potomac
River mainstem at river mile 111.0 (Memorial Bridge)
and the other site was in Piscataway Creek at stream
mile 0.9. Map VI shows the location of these docu-
mentations. '

Alewife and/or blueback herring were documented
in sixteen different streams or rivers. This repre-
sents 53.3% of the streams investigated. Herring
were documented throughout this drainage, from the
Piscataway Creek area and in every major tributary
upriver to river mile 115.9 (Chain Bridge). The
Chain Bridge site was also the only site where the
blueback herring was positively documented. Alewife
herring were positively identified in thirteen dif-
ferent streams. Map VII shows the locations. of
herring documentations.
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Herring migrated farther upstream than any
other anadromous species in several streams. In
the Piscataway Creek drainage, herring were docu-
mented as far upstream as 0.2 miles into Burch
Branch, a total migration distance of 7.0 miles
from the mouth of Piscataway Creek. The herring
migration was 2.2 miles farther upstream than
white perch documentation.

In the Broad Creek drainage, herring were docu-
mented l.4 miles upstream in Henson Creek at a
barrier. This documentation was a total migration
distance of 4.6 miles upstream from the mouth of
Broad Creek.

Herring were also found to be the anadromous
species migrating farthest up the Anacostia River
drainage into Northwest Branch. They were docu-
mented in the stream at mile 1.8. This species
had negotiated a barrier at stream mile 1.0, with
a fish passage opening that apparently stopped
wWhite perch. Herring were also documented upstream
in Northeast Branch to an impassable barrier at
stream mile 1.8 which has subsequently been opened
~to fish passage. Both these documentations (North-
west Branch and Northeast Branch) represent a total
upstream migration distance of 10.4 miles from the
mouth of the Anacostia River. .

Herring were documented upstream in Rock Creek
to stream mile 4.4 where there was an impassable
barrier (Pierce Mill Dam). The fish negotiated
five barriers in Washington, D. C., located down-
stream from the dam site.

The American shad was documented at only two
biological sampling sites. One site was on the Po-

- tomac River mainstem off the mouth of Piscataway
Creek and the other site was located in Swan Creek
(Map VIII). Limited spawning, based on spert
catches, extended upriver to Chain Bridge in Washing-
ton.

Map IX shows the distribution for white perch.
This species was found in a total of ten different
sStreams, representing 33.3% of those streams sampled.
Like herring, white perch were documented throughout
this drainage, from the Piscataway Creek area in every
major tributary upriver to river mile 115.9 (Chain
Bridge). White perch were second to herring as the
most frequently documented anadromous fish species in
this sub-basin area.

Striped bass and hickory shad were documented in
single samples from the Potomac River mainstem at river
mile 97.2 (off Piscataway Creek) and 106.1 (off Oxon
Creek), respectively. No map or table coverage is given
to these two species since spawning activities were
found to be imsignificant.
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Table I lists the streams investigated and
indicates which anadromous fish species were

found in each wat