3

% WILLIAM & MARY
CHARTERED 1693 W&M ScholarWorks

Reports

12-1983

Feasibility Study of Fish Passage Facilities In the James River,
Richmond, Virginia

Joseph G. Loesch
Virginia Institute of Marine Science

Steven M. Atran
Virginia Institute of Marine Science

William F. Kriete
Virginia Institute of Marine Science

Ben Rizzo

Follow this and additional works at: https://scholarworks.wm.edu/reports

b Part of the Aquaculture and Fisheries Commons, and the Natural Resources and Conservation

Commons

Recommended Citation

Loesch, J. G., Atran, S. M., Kriete, W. F,, & Rizzo, B. (1983) Feasibility Study of Fish Passage Facilities In the
James River, Richmond, Virginia. Special report in applied marine science and ocean engineering ; no.
269.. Virginia Institute of Marine Science, College of William and Mary. https://doi.org/10.21220/V5TT50

This Report is brought to you for free and open access by W&M ScholarWorks. It has been accepted for inclusion in
Reports by an authorized administrator of W&M ScholarWorks. For more information, please contact
scholarworks@wm.edu.


https://scholarworks.wm.edu/
https://scholarworks.wm.edu/reports
https://scholarworks.wm.edu/reports?utm_source=scholarworks.wm.edu%2Freports%2F540&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.wm.edu%2Freports%2F540&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/168?utm_source=scholarworks.wm.edu%2Freports%2F540&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/168?utm_source=scholarworks.wm.edu%2Freports%2F540&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@wm.edu

FEASIBILITY STUDY OF FISH PASSAGE FACILITIES
IN THE JAMES RIVER, RICHMOND, VIRGINIA

Ty e e

FINAL REPORT

Prepared For

Virginia Commission of Game and Inland Fisheries

Steven M. Atran, Joseph G. Loesch
and William H. Kriete, Jr.

Virginia Institute of Marine Science
Gloucester Point, Virginia 23062

by

and

Ben Rizzo

U.S. Fish and Wildlife Service
Newton Corner, Massachusetts 02158



Job Completion Report
FYor

Virginia Dingell~Johnson Project F-30-P
Study V, Job 5

Feasibility Study of Fish Passage Facilities
In the James River, Richmond, Virginia

Period Covered
November 15, 1980 - October 15, 1982

Report Submitted December, 1983

Job Leader
Joseph G. Loesch, VIMS

Assistant Job Leader
Steven M. Atran & William H. Xriete, Jr., VIMS

With Apﬁendix
By
Ben Rdizzo, U.S. Fish & Wildlife Service
VIMS Special Report Number 269

In
Applied Marine Science and Ocean Engineering



PREFACE

This report is a direct consequence of House Joint Resolution No.
233 agreed to by the Virginia House of Delegates and the Senate in
February, 1981 {Table 1). The resolution directed appropriate State
agencies and local political subdivisions to conduct a feasibility
study of the construction and maintenance of fish passage facilities
in the Richmond area of the James River. Additionally, the resolution
directed that the assistance of appropriate Federal agencies be
sought. In response to the resolution, the James River Fish ?assage
Facilities Committee was formed. It consists of representation from
the Virginia Commission of Game and Inland Fisheries, the Virginia
Institute of Marine Science, the Virginia Marine Resources Commission,
the U.5. Fish and Wildlife Service, and the Natiomal Marine Fisheries

Service.

The Committee during its second meeting on 14 July 1981 defined

the scope of the investigation as the following tasks:

1. Life History Synopses
a, Construction of life history for each anadromous species
of concern.
2. Status of Stocks
a. Historical state of the stocks and expressed concerns.
b. Present state of the stocks and concerns.
3. Description of the Physical Problems
a. Dams in the Richmond area.

h. James River-Kanawha Canal.



4, 7¥easibility of Restoration Programs
a. Description of other restoration programs.
b, Virginia: James River,

5. Expected Benefits

6. Estimated Costs

7. Potential Funding Sources

The Commission of Game and Inland Fisheries financed the study with
support from the U.$. ¥ish and Wildlife Service; in turn, the study
was conducted by Messrs., Steven M, Atran and William H. Kriete, Jr.
and Dr. Joseph G. Loesch. Additionally, a major input to the study
was made by a U.S. Fish and Wildlife Service Hydraulic Engineer, Mr.
Ben Rizze. His report, enclosed herein as an Appendix, specifically
addresses tasks 3, 4b and 6. The ultimate goal was to produce a study
report that the Committee, via the Commission of Game and Inland
Fisheries, will present to the Virginia state legislators and the

Governor,

A comprehensive summary, in which many sections were taken
verbatim from this report, was produced as a separate printing; it is
" available dpon reQﬁést from:

Commission of Game and Inland Fisheries
4010 West Broad Street

P.0. Box 11104

Richmond, VA 23230

To avoid a sizable redundancy, a more succinct summary is given
herein.
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SUMMARY

There has been a dramatic decline in Virginia landings of striped bass,
American shad, alewife, blueback herring, and hickory shad since the
early 1970's.

In contrast to the low levels of agnadromous stocks in Virgiaia, stocks
have been greatly enhanced or reintroduced after long absences in the
New England region. These successes are due to the comstruction of
fish passage facilities and stocking of fish upstream of the
obstructions.

Based on the asthetic, social and economic rewards realized in other
restoration programs, the construction of fish passage facilities on
the five low head dams in the Richmond area of the James River is
warranted, Benefits expected from the fish passage facilities are: 1)
increased spawning and nursery habitat, thereby enhancing the
anadromous stocks; 2) increased density of forage species for resident
species; 3) enhancement of sport fisheries and support businesses; 4)
enhancement of commercial fisheries and support businesses; and 5)
enhancement of city park fishing activities and associate interpretive
programs in the Richmond area.

It is estimated that about 600,000 shad and 3,000,000 river herring
(alewife and blueback herring) would eventually be passed over the
Bosher Dam. Striped bass and sturgeon would also be passed upriver,
but their number and size would be a function of the types of
facilities comstructed.

Preliminary total cost estimates for fish passage facilities omn all
five dams range from $2.5 million to $7.5 million. The actual cost
will depend on the nature of the facilities built and whether or not
hydropower is redeveloped at the Manchester and Twelfth Street plants.
The cost of a single facility elsewhere where dams are much higher has
often exceeded the total estimated costs for all five dams on the James
River,

_ Virginia Code section 29-151 requires any person owning or having
““control of any dam or other obstructiom which may interfere with the

free passage of fish to provide and maintain a suitable fish ladder.
Although parts of some river systems are exempted from sectiom 29-151,
the Richmond area of the James is not. The City of Richmond owns the
Williams Island Dam, the Hollywood/Bellie Island Dam, the Brown's Island
Dam, and the Manchester Dam. In addition, the City assumed the
responsibility for the operation and maintenance of the Bosher Dam and
Kanawha Canal when it acquired the water rights in 1973. If the
hydroplants are rehabilitated at the Brown's Island Dam and the
Manchester Dam by a party other thamn the City of Richmond the
responsibilities, presumably will be passed to the leaseholder.

iii



Provisions of the Fish and Wildiife Coordination Act, and the National
Environmenal Policy Act require evaluation of impacts on fish and
wildlife by non-Federal hydroelectric power projects. The Federal
Energy Regulatory Commission (FERC) can use such impact evaluations as
the basis for modifying, conditioning, or denying a license.

Federal funding for fish passage facilities is available on a matching
fund basis under the Federal Aid and Sport Fish Restoratiom Act (1950)
and the Anadromous Fish Conservation Act (1965). These funds may be
used for the comstruction or renovation of fish passage facilities, and
the operation and maintenance of the facilities., However, such funding
cannot be obtained for projects subject to the FERC mandate; thus these
funds could be sought for only the Williams Island Dam.

iv




TABLE OF

CONTENTS

Preface . v v v v 4 v v e v e e e
Summary . . . . 4 s e h e e e e

List of Tables. . . « . « + + « + « &
List of Pigures . . . . v « v o « « =«
Introduction. . . . . . . + + + . . .

Striped Bass. . . . .« « 4 4 4 o4 o4 o4 .
Historical Perspective. . . . . . .
Life History. . . . « « + « « « + &

Adults. . . . . . o . . . 0.
Juveniles . . . . + + « 4 . v 4 s
Fisheries . . . « « + v « & & &+ & &
Gear Types., . . o + + « + « + =« -«
Status of Stocks. . . . . . . . .
Pogsible Reasons for Decline. . .
Management., . . . + <« « « « « + +« o

American Shad . . . . . . . . . . . .
Historical Perspective. . . . . . .
Life History. . . . + « « « « + o« &

Adults. + . v v v v 0 e e e e e
Juveniles , . . . . . . . . . . .
Fisheries . . o « « + + « « & + «+ =
Gear Types. . . + . + « .+ « « « &
Status of Stocks. . . . . . . . .
Possible Reasons for Decline. . .

River HerTing . « « + 4 v « « « + + s
Historical Perspective, . . . . . .
. Life History. . . . + ..
T Alewife L, . L L. .
Adults. . . . . v o o v e .
Juveniles . . . . . . . . . . .
Life History. . . . + « + « « « « .
Blueback Herring. . . . . « .+« . .
Adults. o v . v v 4 4 4 e .
Juveniles ., . . . ., . . .
Fisheries . . o + v + v o & 4 & o
Gear Types. . . . « .« &+ « « « .
Status of Stocks. . . . . . . .
Possible Reasons for Decline. . .

Hickory Shad. . . . . . . + . + « . .
Historical Perspective. . . . . . .
Life History. . . . + + « « « « + &

Adults. . . . . . . . . . o ...
Juveniles . . . . . .« .+ . . . .

- a .
. . .
. L3 . .
. . LY
PO PO
+ . . .

-
. . . -
. « & 0w
o 0
L Y .
. . .
. + . -
LI LI
. . . .
. . .
. . e
- . - .
* LI ) .

. .

. . .
. . . .
. . . .
LI . .
« a . .
. . LI

- . LI
- » . .
. . . a
- .
. . . .
.
-
. -
. .

. . P
PO PO
PO
. . + e

.
. . . .

Page Number

. i

s
Ha
s

<
e
e

.10
10
.14
. 18
.16
18
19
21

26
26
28
28
30
33
33
33
35

37
37
38.
g
38
40
42
&2
42
44
45
43
46
47

49
49
49
49
51



TABLE OF CONTENTS (continued)

Hickory Shad {(continued)

Fisheries . . . . . « « « « . . .
Gear Types. . . . + « « « « . .
Status of Stocks. . . . . . . .
Possible Reasons for Decline. .

Management - Alosa Fisheries., ., .

Atlantic Sturgeon . . . . . . . .
Historical Perspective. , . ., . .
Life History. . . . +« « « « « . .

Adults. . . . . . . . . o ...
Juveniles . . . v . . 0 . . L
Fisheries . . . . . « « + + « + .
Gear Types. . . . + + « « « «
Status of Stocks. . . . . . . .
Possible Reasons for Decline. .
Management. ., . ., . . + + « . . .

Feasibility of Restoration Programs
Successful Restoration Programs .

Columbia River (Washington, Oregon

Canada) . , . .
Maine . « . . . « « « v v 4« . .
New Hampshire . . . . « « . . .

Connecticut River (Comnecticut, Massachusetts,

.

.

. .

Hampshire and Vermont)

Massachusetts . . + + « « + .+ .
Rhode Island. . . . . . . . .
Pennsylvania. . . . . . . . . .

Susquehanna River (Maryland, Penmsylvania

Other Activities. . . . . . . . . .
Virginia: James River ., ., .

 Expected Bemefits . . . . . .

Expected Costs, . . . « . .« « . . .
Potential Funding Sources . . . . .
References., . . . . . . + + « . . .

AppendiX., . . .. 4 . 4 e a4

e e e s e e e s
. . . . .
e e s e e s
e e e e e
e e e e e e e
s e e e e
e v e s .
e e e e e e e s
. . e
e e e e e s .
. L] - - * L3 [}
. - » - - .
. e e e e s
e e e e e e
. . e e
v e e e e e s
P,
. . e e
e e e e
e e e e s .
e e e .
e e e e .
« e . .
- e . e e e .
and New York)
e e e e e e s
f e e e e e e e
. . oe e e
e 0 . . .
. e e e e e
e e e e e e e
e e e e e e

Page Number

. 52
. 52
. 53
53
54

. 57
57
58
58
62
63
63
63
65
56

67
&7

67
67
A8

69
69
70
70
71

71
72

- - 109



Table

Table

Table

Table

Table

LIST OF TABLES

Page
House Joint Resolutien No, 233 . . . . . . . . . ., ., .99
Historical catches of shad and striped bass in the
James River in Nelson County recorded in the diaries
of Col. William Cabell and Col. William Cabell, Jr. . . 100
Anadromous fish passage recorded at the Holyoke Dam
lift simce 1955. . . . . . . . . R o)
Summary of America shad adults and cultured
fingerlings released into the Pawcatuck River, RI,
and subsequent returns to the Potter Hill fish
ladder, 1976=1982. . . ., . . . . ¢« . . . o 4 4 ... . 102

Summary of some anadromous fish projects in Rhode
Island, 1968-1975. .

. & » . o s LI ] L L I ) 103

vii



Figure

Virginia
Virginia
Virginia

Virginia

Fishway and stream improvement projects conducted by

LIST OF FIGURES

Striped Bass Landings, 19653-1981. .
American Shad Landings, 1965-1981 .
River Herring Landings, 1963-1981

Hickory Shad Landings, 1965-1981.

the Maine Department of Marine Resourtes . .

viid

*

-

.

.

.

.

3

Page
.104
.105
.106

.107

.108



INTRODUCTION

The James River is the longest and the largest river in Virginia,
draining over 25% of the state. It begins in the Appalachian Plateau,
crosses the Valley of Virginia, breaks through the Blue Ridge, winds
through the Piedmont, and drops down to the Coastal Plains. The river
from its headwaters to Hampton Roads is shown in Plate 1 (Appendix).
Major tributaries include the Jackson River, the Cowpasture River, the
Maury River, the Tyge River, and Rivanna River, and the Appomattox
River (Corbett 1977). It has been called the "backbone... of the
water system of the ;tate“ {Va. Comm. Fish. 1875). The first
permanent English settlement in America was established in 1607 at
Jamestown, about 33 miles above the mouth 0f the James River. Even
before Jamestown, it's possible that the Spanish explorer, Ayallen,
may have tried to establish a settlement, in 1526, called San Miguel
de Gualdape, on the same site that was later to become Jamestown

(Wilstach 1929),

The James River can lay claim to many "firsts" besides that of
the first permanent English settlement. The first English legislative
assembly met at Jamestown in 1619, and Jamestown continued to serve as
the colenial capitol until 1699, when it was moved to Williamsburg
(Wilstach 1929). At Falling Creek, a few miles below Richmond, on the
south side of the river, the first iron works in America were set up.
One hundred and fifty skilled workmen were transported and established
there, The iron works were wiped off the map by an Indian massacre in

1622 (Earle 1924)., 1In 1632 the oldest Protestant church in the new



world, the church of St. Luke, was built near Smithfield in Isle of
Wight County (Wilstach 1929). Near the mouth of the James River, the
Monitor and the Merrimac met during the Civil War to engage in the

first battle between ironclad ships.

Before the coming of the English settlers, the James River had
been called the Powhatan River by the Indians, after their great
Indian king, Powhatan, who ruled at that time. The English settlers
named the river the James, in honor of their king, but this was not to
be the last time the name of the river would be changed. When Queen
Anne was the queen of England, she curtailed some of the glories of
King James. The James River above rhe mouth of the Rivanna River was
renamed "Fluvanna', and this name continued to be used in statutes and

deeds until the beginning of the nineteenth century (Va. Comm. Fish.

1875).

The fzlls of the James River at Richmond were the limit of
navigation and colonization in the early 1600's. The James River
valley above Richmond was rapidly settled once the land in the
Tidewater area was exhausted or became unavailsable. Charlottesville,
Lexington, Buchanan, Lynchburg and Covington became major centers of
commerce and the river provided the transportation necessary to carry
their products downstream and to bring finished goods upstream. Great
barges, 30 to 90 feet long, propelled Dy a crew of three, made the
trip from Lynchburg to Roanoke. .Over 500 of these barges/batteaux
plied the James River between these two citiles, taking a week to go

downstream and ten days to return (Corbett 1977).



The need for a canal system along the James River was recognized
by the colonists, and a canal was proposed within the House of
Burgesses in 1774, It was 1785, however, before the James River
Company was organized to open the river for navigation above Richmond.
George Washington was the company's first president, and he was an
avid supporter of canals/waterways to the west. By 1840, there were
146 miles of canal open between Richmond and Lynchburg and by 1851 the
section from Lynchburg to Buchanan was operating., Over 195 freight
boats made three trips a week between Lynchburg and Richmond; there
were daily departures for passengers between these cities. An
extension from Buchanan to Covington was begun, using slackwater
navigation {(like most of the river from Glasgow to Buchanan), but this
upper section was not completed (Corbett 1977). An incident of high
drama involving a canal boat in Rockbridge County and the heroic

behavior of a slave was described by Corbett (1977),

"It was on the Balcony Falls section in 1834 that a canal boat
with over 40 crewmen/passengers broke loose from a tow line on the
North {(Maury) River during high water. The canal boat, the Clinton,
washed over the Mountain Dam, as the river was too deep for the poles
of the crewmen to touch bottom., The boat did not capsize when it ran
over the dam, but the unfortunate souls on the boat still had the
worse teo face., It was at White Rock, just above Balconmy Falls, that
the captain and five people jumped from the boat to the rocks in
ﬁidsfréam; fﬁen thé Clintén washéd downstreém tﬁroﬁgb ali of.the
rapids and, by some miracle, lodged gently on a rock near Snowden

without damage or loss of life. A rescue of the people on the rock



was undertaken, and a slave, Frank Padgett, lost his life making two

attempts to remove the men from the rock during freezing weather on a

flooded river.

There is a monument alongside the C&Q railroad to

Frank Padgett's memory."

The Virginia Commission of Fisheries in the late 1800's was

enthusiastic about the fishing potential of the James River, and

concerned about dams being built on it. The first annual report

published by the Commission after its creation in 1875 stated of the

James

,
.

"It possesses every advantage for the production of an
immense quantity of fish of wvarious kinds, all of which
advantages are lost by the great number of dams which
bar its course above the tide."...'"Dams, also, besides
arresting the ascent of anadromous Ffish and withholding
that 'providential succor' from all the people on the

stream,
fishes.

and best

spring.

tend to denude the rivers of zll their native

With the first £fresh in the fall, the largest
of these dams prevent their reascent next
In this way the James River has been stripped,

and for its volume and extent, is perhaps, the poorest
stream in fish on the continent."

Prior to the obstruction of the James River by dam-building, shad

and river herring reportedly ascended as far upriver as Covington in

Alleghany County, and far up all the principal tributaries (Va. Comm.

Fish.

1875},

Striped bass ascended at least as far as Swift Island at

Lynchburg (Table 2}, about 102 river miles above Richmond, and perhaps

as far as Balcony Falls, just below the confluence of the James and

Maury rivers in Rockbridge County (Va. Comm. Fish, 1875). These fish

runs were of great importance to the people living near the James

River, as evidenced by this statement from the Virginia Ccmmission of

Fisheries annual report for 1875:



"We are informed that in former times, when James river
was unobstructed, and the shad had £free access to its
upper waters, the people, for twenty-five miles on both
sides the main stem and on its tributaries, were wont
to obtain and salt encugh f£ish for consumption during
the six warm months, when it was the most wholesome of
diets——in fact, that it amounted to half a hog crop for
the entire population of the basin of the James..."

Concern for the protection of the'fishery resources has long been
evident in Virginia's laws. As early as 1680, a law was passed which
prohibited the striking of fish with "giggs and harping-irons™ in the
waters of Gloucester, Middlesex and Lancaster counties. Beginning
about 1740, Virginians became concerned about the depletion of the
fish stocks, and from that time until the Revolutionary War, many laws
were passed in Virginia requiring the removal of the obstructions or
the building of fish passages. A typical example of this is an act,
passed in 1761, concerning a dam bullt on Rockfish River, a tributary
of the James River in Nelson County, formerly part of Amherst County
(Va, Comm. Fish, 1875):

"It being represented that Allan Howard, a gentleman,

hath erected a will on Rockfish river in Amherst Co,

the dam whereof hath entirely obstructed the passage of

fish up said river, to the great loss and prejudice of

the iphabitants on the same,"..."said Howard should in

two months pull down and destroy his said mill-dam and

mill-house",..,"and that no dam on said river below the

forks near Sam Morril's should be lawful,"

Many of the early fish passages were unsuccessful in passing fish. In
1771, an act was passed defining exactly the type of fish passages to
be built and the times when they were to be kept open (Va. Comm, Fish.
1875):

"That a gap be cut in the top of the dam contiguous to

the deepest part of the water below the dam, in which
shall be set a slope ten feet wide, and so deep that



the water may run through it eighteen inches before it
will through the waste, or over the dam; that the
direction of the said slope be so, as with a
perpendicular, to be dropped from the top of the dam,
will form an angle of at least seventy-five degrees,
and to continue in the direction to the bottom of the
river, below the dam, to be planked up the sides two
feet high; that there be pits or basins built in the
bottom, at eight feet distance, the width of the said
slope, and to be twelve inches deep, and that the whole
be tight and strong; which said slope shall be kept
open from the tenth day of February to the last day of
May, annually, and any owner not complying to forfeit
five pounds tobacco a day."

Due to the omset of the Revolutionary War, this law was never enforced
and the fish passage design was not tested. In the Virginia Code of
1849, the legislature reaffirmed its right to restrict the building of
dams (Va. Fish. Comm. 1875):

"Whatever power is reserved to the legislature by any

act heretofore passed, to abate any dam or other works

in a water-course, or improve its navigation, shall

continue in full force."

it appears that the Virginia legislature of 1870-71 began, and
then aborted, a project to alleviate the problem of obstructions on
the rivers, 1In a letter dated October 2, 1872, and published by the
U.S5. Comission of Fish and Fisheries, McKennie (1873) wrote
concerning obstructions on the rivers in Virginia:

"I have been much interested in the question for

several vears, but I fear that little can be done until

gome cunning leech is able to apply some plaster to our

people which shall arouse them to a sense of their duty

to themselves and their children., The project started

in a small way by the legislature of 1870-'71 was

dropped by that of 1871~'72."

In 1875 there were 21 dams with an average height of 14.5 feet om

the James River from Richmond to Buchanan {in] (Botetourt County), a



distance of 196,5 miles (Va., Comm. Fish. 1875); by 1882 the number had
increased to 23 (Va. Comm. Fish. 1882)., These dams had been the
property of the James River and Kanawha Canal Company, but ownership
was transferred by the Virginia Assembly to the Richmond and Alleghany
Railroad, subject to the construction by the railroad of suitable
fishways for the passage of shad over all the dams maintained by them.
In 1882 only one fishway had been constructed, that over Bosher's dam,

and it was incomplete (Va. Comm., Fish. 1882).

In 1930 the General Agsembly enacted Virginia Code section
29-151, requiring the owners of dams and other obstructions which may
interfere with the free passage of fish to provide a suitable fish
ladder., The act was amended in 1942, 1950, and again in 1958, and
currently rveads as follows:

29-151. ©Dams and fish ladders; inspection of.~-Any dam
or other thing in a watercourse, which obstructs navi-
gation or the passage of fish, shall be deemed a
nuisance, unless it be to work a mill, manufactory or
other machine or engine useful to the public, and is
allowed by law or order of court. Any person owning or
having control of any dam or other obstruction in any
of the streams of this State above tidewater which may
interfere with the free passage of fish, shall provide
every such dam or other obstruction with a suitable
fish ladder, so that fish may have free passage up and
down the streams during the months of March, April, May
and June of each year, and maintain and keep the same
in good repair, and restore 1t in case of destruction;
provided, however, that this section shall not apply to
the Meherrin river within the counties of Brunswick and
Greenville, nor the Meherrin river within or between
the counties of Lunenburg and Mecklenburg, nor to the
Nottoway river between the counties of Lunenburg and
Nottoway, nor to Abram's creek in Shawnee district,
Frederick County, nor to the James River between the
counties of Bedford and Amherst, nor any streams within
the counties of Augusta, Lunenburg, Mecklenburg,
Louisa, Buckingham, Halifax, Montgomery, Pulaski,
Franklin, Russell, Tazewell, Giles, Bland, Craig,



Wythe, Carroll and Grayson, nor to that part of any
stream that forms a part of the boundary of Halifax and
Ffranklin counties; provided however, that no fish lad-
ders shall be required on dams twenty feet or more in
height or on such dams as the Commission may deem it
unnecessary on which to have ladders. Any person
failing to comply with this provision shall be fined
one dollar for each day's failure; and the circuit
court of the county or the corporation court of the
¢ity in which the dam is situated, after reasonable
notice, by rule or otherwise, to the parties or party
interested and upon satisfactory proof of the failure,
shall cause the fishway to be constructed, or put in
good repair as the case may be, at the expense of the
owner of the dam or other obstruction. It shall be the
duty of the game warden to make a personal inspection
0f dams and rivers in his respective county or city in
the months of April and October of each year and report
to the circuit court of the county or the corporation
court of the city any wviolation of «this section.
{1930, p. 651; Michie Code 1942, 3305(42}); 1950, p.
891; 1958, c. 607.)

Today, the James River is an important part.of Virginia's
economy. Ships navigate the river as far up as Richmond. Downriver
from Richmond is Hopewell, a city created during World War I for the
manufacture of ammunition {(Wilstach 1929). Anadromous fishes
presently migrate upstream through the tidal section of the James
River to the Richmond area. Much of their historical spawning ground,
however, is no longer accessible to them, the result of dams and
obstructions. The Richmond dams on the James River are described in

the Appendix; dams further upriver from Lyunchburg to Glasgow, Virginia

have been described by Corbett (1977).



STRIPED BASS

HISTORICAL PERSPECTIVE

Striped bass, Morone saxatilis, have been caught in Virginia

waters since before the arrival of the earliest settlers. Shell heaps
znd other archaeclogical detritus indicate that they were known by the
Fast Coast Indian tribes (Cole 1978). Striped bass were also caught
by the early settlers in Virginia. Captain John Smith, in 1607,
included them in a list of fishes im Virginia (Wharton 1957). The
early settlers captured striped bass by stretching long seines and
welrs across coastal streams at high tide. When the water ebbed from
the creeks, the stranded fish were trapped, often in far greater

quantities than the fishermen could haul to land (Pearson 1938).

Until about 1885 the striped bass population seems to have held
up well despite great demands (Raney 1952). In 1874, 1500 striped
bass were taken at a single set of seine near Norfolk, Virginia. A
few years earlier, a single seine had yielded 600 fish averaging
80 1b. each (Goode 1887). 1In 1875, the Virginia Commission of
Fisheries stated that, next to {river) herring and (American)} shad,
striped bass were the most zbundant and valuable fish in Virginia's

waters.

In 1887, the first year for which reliable statistics are
available, striped bass ranked twelfth in Virginia in landings with
896 ﬁoné, an&.éightﬁ in value with $32,758. Since 1887, stripéa Bésé
landings in Virginia have undergome great fluctuations, ranging from

145 tons in 1929 to 1,443 toms in 1973, From its 1973 high, Virginia
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striped bass landings have declined precipitously to 197 toms in 1981,
the smallest annual landings since 1934 and the fourth smallest on

record (Fig. 1).

LIFE HISTORY

Adults

The striped bass ranges on the Atlantic and Gulf coasts from the
St. Lawrence River, Canada, to the Tchefuncta River, Louisiana., It
was introduced in the Pacific in 1879 and 1882, and is now found on
the Pacific coast from the Columbia River, Washington, to Los Angeles

County, California (Pearson 1938).

Striped bass in the Chesapeake Bay begin to mature when the
females are four years old, and the males are two years old. Nearly
all males above 10 inches in length are mature, as are practically all

females by age 5 (Viadykov and Wallace 1952).

Once a female becomes mature, spawning may occur asnually for
approximately five years (Jackson and Tiller 1952). Fish over ten
vears old, however, are not necessarily annual spawners. Jackson and
Tiller (1952) found indications of curtailed spawning in one third of

all specimens examined over ten years of age from the Chesapeake Bay.

The spawning season Ffor striped bass along the Atlantic coast
generally runs from April through June, the exact time being dependent
upon latitude and temperature (Pearson 1938). 1In the Rappahannock

River, Virginiaz in 1951, striped bass eggs were collected from
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mid-April to mid-May (Massmann et al, 1952). Rinalde (1971) also
concluded that spawning in the York-Pamunkey River occurred from
mid-April to mid-~May, based om the occurrence and distribution of eggs

and prolarvae,

Kohlenstein (198l) reported that the migrating segment of the
population moves northward along the coast in the early spring. Those
fish that do not spawn move before or during the spawning season,
while the spawners follow later. In May and June the striped bass
move along the south shore of Long Island. Some of the fish continue
on to New England; others remain scattered along the coast for the
summer . In the fall the bass migrate southward and spend the winter
in the coastal waters from New Jersey to North Carclina. Those fish
which do not undertake coastal migrations overwinter in the deeper

waters of the Chesapeéke Bay and its tributaries.

In the spring, the spawners return to their natal waters to
spawn, while the immature fish remain downstream of the spawning area.
There is some evidence from tagging studies that immature females in
the migrating stock do neot return to their natal waters until they are

ready to spawn (Kohlemstein 1981).

The diet of adult striped bass is quite varied and includes
alewife, herring, menhaden, mummichogs, mullet, rock eels, sculpin,
shad, silver hake, silversides, smelt, tomcod, weakfish, white perch,
1obstéré; crébs, sﬁrimp, iso?dds, gémmarid cfusfééééns, worms, squid,
clams, and mussels (Smith and Wells 1977). Small bass feed mainly on

crustaceans and marine worms, but after reaching a size of about
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3 inches, other fishes become their primary prey (Raney 1952). When
prey is plentiful, striped bass are likely to gorge themselves on one
particular prey item, ignoring other food items, then cease feeding to

digest, and then gorge themselves again (Bigelow and Schroeder 1953).

The spawning migration, which takes place several weeks before
the actual spawning (Raney 1952), begins when the water temperature
ranges from about 43 to 46°F (Merriman 1941). The males apparently
reach the spawning grounds first, and are always more numerous than

females (Raney 1952).

Spawning occurs in large, swift flowing streams (Merriman 1941)
where the salinity is less than 10 ppt, usually lower than 1 ppt, and
at temperatures of 50 to 77°F with a mean temperature of 62.5°F at
_peak spawning (Morgan et al. 1981), In Virginia, striped bass spawn

in April and May (Massmana et al. 1952, Rinaldo 1971).

The spawning grounds in Virginia have been identified by Tresselt
(1952) and Rinaldo (1971). Rinalde found that the striped bass
spawning area on the York-Pamunkey river system extended from 35 to 60
miles upstream from the mouth of the York River and was centered at
about 40 miles upriver. Tresselt surveyed the Pamunkey, Mattaponi,
Chickahominy, James, and Rappahannock rivers, and found that in all of
these rivers, most of the spawning occurs within the first 25 miles of
freshwater. However, only in the Mattaponi River did he ccllect eggs
iﬁ appreéiablé numbers. Afﬁef sﬁaﬁning; the stfiﬁé&.bass remain in
the rivers, and appear to leave the freshwater during the summer

(Magsmann et al. 1952).
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The act of spawning has been observed by Woodhull (1947} and
Morgan and Gerlach (1950), and summarized by Raney (1952}, According
to Woodhull, groups of from 5 to 30 bass appear, with the males
greatly outnumbering the females. After milling about for a few
moments each group heads upstream or downstream, the fish rolling over
on their sides at about a 45° angle and splashing water in all
directions with their caudal fins. Each group remains at the surface
for several minutes, mainly in the shallower portions of the river.
Spawning occurs throughout the day, but appears to be most common in

the late afterncon and early evening, especially on the flood tide.

The fecundity of the females increases with age and size, ranging
from approximately 65,000 eggs in a four-year-old to 4,500,000 eggs in
a thirteen~ or fourteen-year-oid (Jacksom and Tiller 1952}, It is not
knownlif egg viability decreases with age. The eggs are kept
suspended by warer curreants created by stream flow and/or tidal action
(Talbot 1966}, Raney (1952) reported that time to hatching ranges

from 30 hours at 72°F to 74 hours at 52°F.

The migration range of the striped bass depends strongly on both
sex and age (Kohlemstein 1981)., Not all of the bass undertake coastal
migrations, but of those that do, nearly 90% are female (Mansueti
19631a). From the Chesapeake Bay stock, this constitutes approximately
50% of the age 3 females and smaller proportions of age 2 and age &
females (Kohlenstein 1981). Mansueti (196la) reported that the
average distance traveled by striped bass is a linear function of

size.



14

Juveniles

Striped bass eggs average (.13 inch in diameter after water
hardening {Mansueti 1958a). The density of the eggs exceeds the
density of column water, therefore the eggs depend upon currents to
stay suspended in the water columm {(Talbot 1966)., At hatching, the
prolarvae range in size from 0.08 to 0.14 inch total length (Mansueti
1958a). 1In three to four weeks the young striped bass grow to a size
of 1.4 inches, have scales and fully developed fins and rays, and are
shaped like the adult (Raney 1952). After one year, the striped bass
have reached a fork length of sbout 4 inches; after two years, 10
inches; and after three years, !4 inches (Talbot 1966). Both sexes
grow at about the same rate for the first three years. Beginning at
age four, the growth rate of males is consistently lower than that of

females (Mansueti 196la).

Usually, just after hatching, the larval striped bass drift with
the current into the lower and often saline section of the stream
(Talbot 1966). The larvae remain in fresh or slightly brackish water
until they are about 0.5 to 0.6 inch long, when they move in small
schools toward the shallow protected shorelines, In the winter, they

move to the deep waters of the rivers (Smith and Wells 1977).

During their secomnd summer, the juvenile striped bass move down
river from their parent streams to low salinity bays or sounds (Smith
an& Weils.l97?). Massmann énd Pacheco (1961).re§oftéd that moét
striped bass remain in a single river system until they reach a length

of 12 inches, after which they move into the Chesapeake Bay or along
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the Atlantic Coast. Tagging studies by Massmann and Pacheco (1961)
and Vladykov and Wallace (1952) indicate that striped bass from the
James River migrate less than striped bass from other Virginia river
systems. Tagging studies conducted by the Virginia Iastitute of
Marine Science (VIMS) in 1968 (Grant 1970) also appear to support the
hypothesis that James River striped bass migrate less than those from
other river systems. However, the James River fish that were tagged
were smaller than those tagged in the other river systems, and since
younger fish do not migrate from the river, this finding is to be
expected., In contrast, in a 1969 VIMS study, fish tagged in the James
River were comparable in size to those from the other river systems,
and the percentage of fish migrating from the James River was

substantially larger than in previous observatioms (Grant 1970).

Striped bass larvae absorb their yolk sac and begin feeding
within two weeks after hatching. Kernehan et al. {1981) reported that
late yolk—-sac and early post yolk—sac larvae from the vicinity of the
Chesapeake & Delaware Camal, Delaware have a strong positive selection
for immature cladocerans of the genus Bosmina while older stages are
more opportunistic. Boyntom et al. (1981) found that juveniles of 1
to & inches were flexible, nonselective feeders consuming mostly

insect larvae, polychaetes, larval fish, mysids, and amphipods.

Mortality of striped bass larvae is dominated so greatly by
environmental factors that year-class strength is determined
independently of parent-stock potential (Polgar 1982). Within a

nursery area, decreasing availability of preferred prey in the
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downstream direction seems to be associated with increasing mortality
of the larval fish (Polgar 1982). He found that on the Potomac River,
recrultment levels of striped bass could best be explained by the
formula:

R = 1239%P%exp(-0.26 DT ~ 0.59 AT)

where R = computed mature female recruits, P = computed mature female
spawning stock, DT = December air temperature in °C, and AT = April
temperature in °C. This density-independent model explained 81% of

the variability in recruitment in the Potomac River over the last 25

years.
FISEERIES
Gear Types

Gill nets and pound nets are the principal types of gear used in
the commercial striped bass fishery. 1In 1976 anchor, set and stake
gill nets accounted for 69% of the commercial landings, drift giil
nets accounted for 9% of the catch, and pound nets accounted for 13%.
The remaining 9% of the landings was taken with a variety of gear
including haul seines, otter trawls, fyke and hoop nets, pots and

traps, and hand iines (Nat. Mar. Fish. Serv. 1980).

Richards and Zaborski (1978) reviewed the types of fishing for
striped bass in Virginia. Pound nets fished at permanent locations
are the most consistent gear used; the nets are lifted only for
cleaning, to prevent possible ice damage, or bhecause of nuisance

factors such as jellyfish. TFyke nets are usually located farther
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upstream than pound nets. Trawling is limited to offshore fishing by
law. Therefore, striped bass are available to this gear only in

winter months, when they are migrating up the coast, Haul seines are
used sporadically throughout the warmer months, but most effectively
in the spring. Gill nets dre fished in a variety of methods and mesh

sizes, Small mesh "

spot and perch nets'" of 2.87- to 3.5-inch
stretched mesh are anchored in the summer and staked from late fall to
winter, Large mesh '"shad nets” of 5.5-inch stretched mesh) are staked
or drifted in late winter and spring. In recent years, because of the
paucity of American shad, many fishermen early in the shad season

switch to a larger mesh te catch the equally scarce, but more

valuable, striped bass (Loesch et al. 1979).

A sport fishery for striped bass exists from the mouth of the
Chesapeake Bay to the freshwater regions of major river systems from
March through December. Sport fishing is especially intensive along
the Chesapeake Bay Bridge-Tunnel in spring and fall (Grant 1974).
Sport fishing methods generally consist of deep trolling with weighted
lures, spincast jigging of '"feathers" and other small "buckrtail®
lines, night fishing under lights with live baitfish or "feathers,"
and bait casting from shore or boat with peeler crabs at high tide

{Richards and Zaborski 1978).

The recreational catch of striped bass in the Chesapeake Bay
region is probably substantial, but no program exists for estimating
the catch or for gathering long~term catch-and-effort statistics.

Jones and Loesch {1982) suggested the institution of a recreational
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fishing license for tidal waters of Chesapeake Bay. The requirement
of a license would identify the number of the marine recreational
fishermen and would facilitate a monitoring program to collect

catch~effort statistics from them.

Status of Stocks

The record of commercial striped bass landings in Virginia, which
extends from 1887 to the present, is one of great fluctuations. The
smallest recorded catch, about 145 tons, occurred in 1929, and the

largest, 1,444 tons was in 1973.

Striped bass taken in Virginia estuarine waters by the sport and
commercial fisheries are predominantly Age II unless a strong year
class makes large numbers of Age I fish available. Older fish are
taken by all segments of the fishery in Virginia, but beyond 4 years

of age their incidence is low (Merriner and Hoagman 1973).

In Maryland, commercial landings appear to show a cyclic pattern,
with alternation of high and low landings occurring at fairly regular
intervals of about six years (Koo 1970). Landings in Virginia showed
a similar cycle with intervals of about every three years, from 1957
to 1973 (Merriner and Hoagman 1973). However, Grant (1974) states
that the six—year cycle observed by Koo 1s not appavrent in the
Virginia landings, perhaps being obscured or eliminated by the
occurrence of additional strong year-classes in Virginia which were
absent in Maryland. Van Winkle et al. (1979} examined the Atlantic

Coast striped bass commercial catch data using autocorrelation and
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spectral analysié techniques and found no support for the hypothesis
of a six-year or any other cycle of year—class dominance. Since 1973,
striped bass landings have declined dramatically. In 1973 the catch
was 1,444 tons, 477 toms in 1976 amd 234 tons in 1979. In 1981, 197

tons were landed.

The recent decline in striped bass landings since 1973 (Fig. 1)}
has occurred along the entire East Coast. To a large degree, this
decline is due to poor reproductive success in the Chesapeake Bay
region, which is the major contributer to the Atlantic coastal stocks
from Maine to North Carolina (Texas Instruments 1976, Berggren and
Lieberman 1978). Thus, a concern about the state of the Chesapeake

Bay stock of striped bass is more than a parochial interest.

Possible Reasons for Decline

Eavironmental factors which can affect striped bass reproduction
and recruitment include stream flows and winter temperatures (Setzler
et al. 1980). High river flows and low winter temperatures have been
associated with successful spawns by a number of researchers (Merriman
1941, Van Cleve 1945, Vladykov and Wallace 1952, Hassler 1958, Heinle
et al. 1976, Chadwick et al. 1977, Polgar 1982). Chadwick et al.
(1977) determined that in the San Joaquin Delta, California, the
success of a striped bass year class is determined within the first 2

months of life,.

With increased industrialization and urbanizationr in the

Chesapeske Bay areaz and its tributaries, there is concern that
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man—-induced stresses superimposed on natural enviromnmental stresses
have greatly diminished the resiliency of the Chesapeake stock of
striped bags, Talbot (1966) and Mansueti (1961la) noted that
sedimentation, pollution from agricultural, industrial, and domestic
sources, wetland reclamation, dams, pesticides, radioactivity, and
heavy expoloitation may have had deleterious effects on striped bass
populations. Mansueti (1961b) also suggested that fertilization of
the waters by domestic sewage may be indirectly responsible for an
increase in striped bass production in Chesapeake Bay. However, in
light of the recent declines in striped bass populations, this
hypothesis does not appear to be valid. Loesch et al. (1982a)
reported the presence of Kepone in young-of-the~year striped bass in
the Mattaponi and Pamunkey rivers, They suggested that the "export™

of Kepone from the James River system was due to wind transport.

Among the factors which have historically controlled striped bass
abundance are availability of spawning and nursery grounds. Talbot
(1966) considered the loss of spawning grounds through dam
construction as probably the most immediate threat to striped bass
populations. Dams may also have anladveyse.effect on hat;hing SUCCEess
if stream flow is.re&uced beléw the minim;m.réte neééssary to keep“
eggs and larvae from settling to the bottom (Talbot 1966). Reduced

flows can also intensify siltation and pollution problems (Ulrich et

al. 1979).

Environmental factors appear to influence survival of larval

stages of striped bass so greatly that year-class strength 1is
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determined independently of parent—stock size (Cooper and Polgar 1981,
Polgar 1982). A spawner—recruit relationship probably exists,
particularly at low levels of stock, but the relationship may be

obscured by environmental variations (Sissenwine et al. 1978).
MANAGEMENT

Jurisdiction for Virginia's striped bass fisheries in tidal
waters is charged to the Virginia Marine Resources Commission (VMRC)
(Va. law sec. 28.1~3) except in the Potomac River, where the Potomac
River Fisheries Commission (PRFC) has jurisdiction (Va. law sec.
28.1-203; PRFC 1983). In freshwater above the fall line, the Virginia

Game and Inland Fish Commission has jurisdiction (Va. law sec. 29-11).

Except as otherwise provided by regulation, the minimum and
maximum size limits for the taking of striped bass in Virginia are 14
inches and 40 inches total length, respectively. No person, firm, or
corporation may possess during any one day more than two striped bass
over the maximum size, or more than 5% or two by count, whichever is

greater, of any striped bass less than the minimum size (Va. law sec.

_J28.l~50), o

On the Potomac River, striped bass may not be caught which are

less than 12 inches in length or more than 15 1b. in weight (PRFC Reg.

IIT, Sec. 11, 1983},

The remaining laws affecting striped bass comsist of gear
restrictions. It is unlawful to use a pound net, head, or picket

(under 600 feet long) having less than a 2-inch, stretched mesh, Haul
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seines may not be longer than 1,000 vards in length, and if over 200
yards long, shall not have less than a 3 inch, stretched mesh (Va. law

sec., 28.1-51).

It is unlawful to use a snatch hook, grab hook, or gang hook to
take fish in the Rappghannock River below the Downing Bridge at
Tappahanneck between January ! and March 15 (Va., law sec. 28.1-51,1).
Trawls, trawl nets and drag nets are prohibited in Virginia waters,
except that trawling is permitted within the three-mile limit of the
Virginia Atlantic shoreline, north of Cape Charles to the Maryland
line during the year except for September and October. Trawling is
also permitted off the Virginia Beach coast (Cape Henry to 36° 40'
north latitude) between October 1} and May 1, and from 36° 40' north
latitude to the North Carolina line at any time (Va. law sec. 28.1-67

and 28.1-69.1),

On the Potomac river, the PRFC restricts the size of pound,
gseine, fyke, and hoop nets to 1.5~inch stretched mesh. Gill nets must
be at least 3.5 inch stretched mesh from March 15 to Jume 1, and
2.5-inch stretched mesh at all other times (PRFC Reg. I1I, sec. 8b,

Cesn,

For the 1983 fishing season, the VMRC has adopted regulations
affecting closed areas, season, and gear limitations for the striped
bass spawning areas, and minimum size limits for striped bass taken in
ﬁhe Territoriai Séa; .Un&er”Regﬁiation XXIX, feftéiﬁiﬁg to the Takihg.
of Striped Bass {VMRC 1982), the striped bass spawning reaches of the

James, Pamunkey, Mattaponi, and Rappahannock rivers are cleosed to



23

anchor and stake gill net fishing from April 10 to May 21. During
this pericd striped bass taken by any other means in the spawning
reaches must be returned immediately to the water. In the Terrvritorial
Sea, a minimum size limit of 24 inches is imposed on all striped bass
with the following exceptions. If the striped bass are caught by hook
and line, no more than four fish between 14 and 24 inches may be
retained; however, if the fish are caught by net, no more than 5% of a

total daily catch may be in this length interval.

In the Potomac River, minimum mesh sizes are set by the PRFC as
follows (Reg. III, sec. 10, 1983): pound net 1.5 inches, haul seine

2.5 inches, fyke or hoop net 2 inches, and gill net 2.3 inches.

The objectives of management of striped bass in Virginia were
outlined by Liquori (1978). The generalized goal is to achieve
optimal utilization and fair allocation of the resources among

commercial and recreatiomnal users.

Recommendations for management strategy for striped bass were
recently put forth by the striped bass Scientific and Statistics (S&S)
Committee (Augtin_1980)“for the Northeast Marine Fisheries Board of
the State~Federal Fisheries Management Program. The committee
recommended a strategy of reducing variability of the catch by
increasing the mean age of the stock. Increasing the mean age would
increase the stock size of five- to seven-year-old females, the ideal
age/abundance ration for maximum viable egg production. Specific
methods of implementation suggested by the committee included: 1)

ad justing minimum mesh and/or size regulations, 2) geographic and
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seasonal restictions on catch to protect particular sex or size groups
(e.g., no fishing on spawning grounds during spawning season), 3)
establishing geographic/seasonal recreational creel limits and
age/size quotas for the commercial catch, and 4) regulation of effort

by season, time of day, location, or gear,

In addition, the S&S committee recommended a research and
monitoring program to develop and implement a reliable annual
young=of~the~year index, and a program for the collection of

catch-and-effort data.

Cooper and Polgar (1981) have proposed an alternate strategy of
dominant year—class management for striped bass stocks, They suggest
that management strategies which use maximum sustainable yield as
their basis are inappropriate for striped bass. The concept of
maximum sustainable yield management has evolved from and is only
cousistent with the dynamics of populations with density-dependent
recruitment. Striped bass year—class strength appears to be
predominantly environment—dependent rather than density-dependent,
which can result in large year-to-year fluctuations, and the

Jpﬁsé{bility bf é doﬁiﬁant.yéér class being prﬁduced”by a ié;kgafént;
stock. Using juvenile indices as forecasting variables, managers
could identify dominant year classes, and could then increase biomass
yields from those year classes by selectively limiting the harvests of
younger fish. -Delaying maximum fishing pressures in order fo harvest
older fish would also protect the reproductive potential of the stocks

somewhat, although improved recruitment would not be assured.
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Regulations under this strategy would be flexible and not uniform from
. Year to year or from one jurisdiction to another because of age and

séx differences in migratory patterns.
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AMERICAN SHAD

HISTORICAL PERSPECTIVE

Before the colonists came to Virginia, the Indians caught

American shad (Alosa sapidissima) in the rivers and streams in large

quantities using a seine made of bushes, called a bush net (Walburg
and Nichols 1967). Fish were so plentiful that children would spear
them with pointed sticks as they swam on the flats (Va. Comm. Fish.
1875). The early settlers used haul seines, and utilized shad as a
major food supply (Walburg and Nichols 1967). By 1740, however, fish
were becoming scarce due to dams, seines, traps, and other devices
which depleted the stock or prevented the fish from reaching their
spawning grounds. The colonists, concerned about the scarcity of fish
and obstructiomns to their passage, passed laws requiring the removal
of dams or the building of fish passages, and prohibiting hedges and

other obstructions {(Va., Comm. Fish, 1875).

The early fish passages failed to pass fish, and so in 1771, the
Virginia Assembly passed a2 law requiring that a gap for fish passage
be built in dams adhefing to specific dimensions, and that it be kept
open from February 10 to the last day of May. Due to the approach of
the Revolutionary War, however, this law was never enforced (Va. Comm.

Fish. 1875).

Many of those involved in the early shad fisheries were large
plantation owners. Thomas Jefferson brought shad to Monticello,

George Washington ran a shad fishing business, and also leased fishing
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rights and privileges on his land om the Potomac River {(Mansueti and

Koib 1953).

In the early days, haul seines were used almost exclusively, but
about 1835 gill nets were introduced, and have since become an
important gear for capturing shad in the Chesapeske Bay area (Walburg
and Nichols 1967). Pouné nets were introduced to the area in 1858,

and reached their peak in use in 1930 (Kriete and Merriner 1978).

The shad fishery of Chesapeake Bay became important about 1869,
and developed greatly in the ensuing years. Fishing gear used
included haul seines, pound nets, and stake giil nets (Walburg and
Nichols 1967). The fishery again became depleted and reached a low in
1878, An artificial hatching program was begun in 1875 by the U.S.
Fish Commission and Virginia Commission of Fisheries, and in 1879 the
fishery began to improve. This increase led biologists to believe
that the shad fishery was largely dependent upon artificial
propagation, and resulted in an expanded hatchery program. Later
studies, however, showed that the upsurge could not be correlated with
the output from artificial stocking. In the esarly 1900's a decline
began in the npumbers of shad harvested despite improved hatching
methods and increased numbers of shad fry released {Mansueti and Kolb

1953).

In 1880 the tributaries of the Chesapeake Bay yielded more than
2,500 tons of shad. 1In 1896 Virginia ranked second to New Jersey in
shad production with 53,501 toms. Usually Virginia ranked first or

second in shad production., In 1908, Virginia's shad catch of 3,650
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tons made it the most impoftant fish caught in Virginia and comprised
about one fourth of all shad taken in the United $tates; in contrast,
shad landings in Virginia in 1981 were only about 7% of the 1908
catch., The main types of fishing gear used in 1908 included drift
gill pets, pound nets, stake gill nets, and seines {Walburg and
Michols 1967)., Today the primary gear is stake gill nets and drife
gill nets, and to a lesser extent, pound nets (Va. Mar. Res. Comm.

1980},

LIFE HISTORY
Adults

The American shad, ranges on the Atlantic coast from the Gulf of
St. Lawrence to Florida, but is most abundant from Counecticut to
North Carolina. (Mansueti and Kolb 1953). 1t was introduced on the
Pacific coast in 1871, where it has spread to scuthern California and

Alaska {(Leim and Scott 1966),

Most shad spawn for the first time when they are four or five
years old, Males mature and begin spawning at an earlier age than
females (Walburg and Nichols 1967). Data reported by Walburg and
Nichols (1967) indicated that the age of spawning shad in Virginia
rivers ranged from 2 to 8 years, with most of the ghad at 4 or 5 years
of age. More than 73% of the shad were first—-time spawners, and less
than 9% had spawned more than once. Loesch et al, (1979) reported
that the modal age for spawning shad in Virginia Qas ] yéaré in 1979

and 1978, apd 5 years in 1977. However, the authors noted that these
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estimates were based on samples from the commercial gillnet fishery,

which is selective for larger and older fish.

American shad ascend rivers and streams in the spring to spawm.
The time of migration is related to the water temperature, and occurs
when the temperature is from 41 to 73°F but the peak movement occurs
about 55 to 61°F (Walburg and Nichols 1967). In Chesapeake Bay, the
migration begins in mid-February or March and the shad are gone by

early June (Hildebrand and Schroeder 1928; Walburg and Nichols 1967).

Davis et al. (1970) compiled a list of known or probable spawning
areas of Alosa species in the river systems of Virginia including the
Potomac River. Although it is part of Maryland, many of the fish
caught in the Potomac River are landed in Virginia, and therefore, it
is included in this discussion. The physical characteristics of the
spawning grounds for American shad include waters of less than 1 part
per thousand (ppt) salinity, and usually freshwater (Davis et al.
1970). The shad may spawn anywhere but prefer the shallow sandy flats
which border the streams, and the sand bars found up in the tidal
freshwater section of the mainstream (Mansueti and Kolb 1953; Davis et
al. 1970). Shad also appear to spawn in larger tributary streams to
some extent (Davis et al. 1970). Spawning takes place between sundown
and midnight (Mansueti and Kolb 1953). The spawning shad swim close
to the surface, occasionally breaking the surface and making splashing
sounds, referred to as "washing" by some fishermen. In the act of
spawning, the two sexes run along together from the channel toward the

shore, ajecting eggs and milt simultaneously. Females, depending on
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size, produce about 200,000 to 280,000 eggs. Leim (1924) reported
that hatching occurs in 6 to 8 days at about 63°F, and in 12 to 15

days at 54°F.

According to Neves and Despres (1979), adult shad, after
spawning, return tc the sea and migrate to the Gulf of Maine or to an
srea south of Nantucket shoals, where they remain during the summer
and early autumn. Their movements are limited to areas and depths
with near-bottom temperatures between 37 and 59°F. They migrate
vertically during this time, following the diel movements of
zooplankton, on which they feed. During the daylight hours, the shad

appear to be closer to the bottom,

In the autumn, with declining water temperature, most shad leave
the Gulf of Maine and congregate offshore for the winter, between
southern Long Island and Nantucket sheoals. In the winter and early
spring, the adults move into coastal waters along the Middle Altantic

coast and migrate to their spawning rivers (Neves and Despres 19797,
Juveniles

Juvenile (young=of-the-year) American shad, in the Chesapeake
region, spend their first summer in the tidal, freshwater sections of
the rivers. Loesch and Kriete (1980) reported that young shad tend to
move upriver in mid-summer, possibly due to the lessening of

freshwater runoff and the ensuing encroachment of saline water,

Juvenile shad also undergo diel verticial migrations. Loesch et

al. (1982b) found that catches of shad by bottom trawl were
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signifigantly greater during the day than at night, and conversely,
catches of shad by surface trawl were greater at night than during the
day. Gear avoidance in daylight could account for the significant
differences in the surface trawl catches but it would not explain the
differences in the bottom trawl catches., This day=-night vertical
migration could result in very inaccurate sampling data if the choice

of sampling gear is made without regard to the time of sampling.

American shad have a protracted spawning peried which builds to a
maximum apnd then decreases, extending over about a three-month period,
When first hatched the shad fry are less than 0.4 inch in length, but
they grow rapidly. In the Potomac River they reach an average total
length of about 1.8 inches during the first half of July, 2.6 inches
by the last half of August, znd 2.8 inches by the last half of October
(Hildebrand and Schroeder 1928). Within the York River system,
lengths of shad in the Pamunkey River have been found fo be
consistently higher than in the Mattaponi River. Posszibly this is
due to a lesser food supply in the Mattapouni as indicated by the

greater clarity of the water (Loesch and Kriete 1980).

Absolute growth is difficult to measure. Marcy (1976) showed
that there was a tendency for the larger juvenile shad to migrate
downstream; similarly, Loesch (1969) reported a downstream drift for
large juvenile blueback herring. The measurement of growth is also
affected by uneven recruitment. Anadfomous Alosa spawning is
proﬁfacteé; however, each species has a shorter period in which the

bulk of spawning occurs. Peak recruitment to the sampling gear at
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some time after the initiation of sampling may result in an apparent
negative growth rate; the rate is again positive after the period of
peak recruitment, This phenomenon is apparent in the juvenile
American shad data reported by Marcy (1976; his Fig. 46); it has also
been reported for blueback herring (Loesch 1969), and for juvenile
alewife and blueback herring in Virginia waters (Loesch and Kriete
1980). Because of the problems of migration and recruitment, growth

is best measured from daily increments to the otoliths.

Instantaneous daily mortality for Amerian shad in the Mattaponi
and Pamunkey rivers in 1979 was estimated at 0.056 and 0.079,
respectively (Loesch and Kriete 1980), The survival of juvenile shad
is dependent on many factors including the abundance of prey
organisms, the abundance of predators, and physical parameters such as

turbidity, salinity, and temperature.

Walburg and Nichols (1967) reported that the major migration of
juvenile shad from the rivers begins in the fall, usually after the
water temperature has decreased to less than 60°F. It is not until
near the end of November or the beginning of December, however, that
1l of the young shad have left the fresh waters in the Chesapeake
region (Hildebrand and Schroeder 1928). Most of these young shad
probably spend the winter with the adults in the middle Atlantic area
(Walburg and Nichols 1967), but a few spend their first winter in the
saline waters of the rivers and Chesapeake Bay (Hildebrand and

Schroeder 1928).
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FISHERIES

Gear Types

The American shad in Virginia are fished commercially with stake
gill nets, and to a lesser extent, pound nets and drift gill nets as
the primary gear. Other types of gear which have been used include
fyke nets and haul seines. The bulk of the fisheries takes place in

the rivers between the river mouths and spawning grounds.

Data collected from the James, York, and Rappahannock River
systems show that in 1979 stake gill nets accounted for 96% of the
catch, 3.8% of the catch was with pound nets, and drift gill nets
accounted for the remainder (Loesch et al. 1979). 1In 1980, 448 stake
gill net stands totaling about 58 miles of net, with 44 miles of net
fished primarily for American shad, landed an estimated 734 tons of
shad. Pound nets, which reached a peak of 272 active nets in late
May, landed 11 tons of shad. In the Potomac River, 7 tons of shad were
landed by stake, anchor, and drift gill nets combined, and in the
James River, 0.4 ton were landed by fyke nets, which reached a peak of
23 nets in April and May {(Loesch and Kriete 1980}. Although the
Potomac River is part of Maryland, many of the fish are landed in
Virginia, and therefore it is included in this discussion. Sport
fishermen also fish for shad, casting from shore or boats with

artificial lures (Kriete and Merriner 1978).

Status of Stocks

Catch=per-unit~of-effort (CPUE) has been used to monitor the

status of rhe stocks rather than catch zlone because changes in total
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catch may be the result of changes in stock density and/or fishing
effort (Loesch and Kriete 1976). CPUE must be viewed with caution
because of subtle changes that may take place in the fishery. For
example, prior to 1977 all stake gill nets were assumed to have been
set for American shad, However, in 1977 all of the nets on the
Rappahannock River above mile 40 and 40% of the nets downstream were
large~mesh nets set primarily to capture striped bass which have a

higher market value than American shad (Loesch et. al 1979).

The CPUE of American shad caught by stake gill nets increased
from 1969 to 1972, then decreased from 1972 to 1975. 1In 1976 it rose
sharply (Loesch and Kriete 1976)}. These CPUE's were based on the

assumption that all the stake gill nets were set for American shad.

From 1977 to 1979, the CPUE's oscillated in the James and
Rappahannock rivers, but increased continually in the York River
(Loesch et al. 1979). 1In 1980, the CPUE increased in the James River
and, except for the CPUE of males in the Rappshannock River, declined

in the York and Rappahannock rivers (Loesch and Kriete 1980).

No general trend appears from the GPUE data for the American shad
stocks in Virginmia. Catch data alone show & continuing decline
(Fig. 2), but do not reflect changes in effort, as some fishermen have
shifted their effort from shad to more valuable species, or have
shortened their active fishing periods due to adverse weather
“conditions or large numbers of blue ctabd becdoming éntangled in the
nets. Where CPUE exhibits an increase during years of low yield, this

might be indicative not of an improvement in the stock, but rather a
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removal of marginal or inefficient fishing gear, leaving only the most

efficient gear,

Possible Reasons for Decline

In previous years concern over heavy fishing of the shad stocks
had been an issue in Virginia. The U.S. Fish and Wildlife Service in
the past contended that Virginia fishermen were depleting the shad
supply by not permitting a sufficient number of fish to escape the
nets and continue on to the spawning grounds (Mansueti and Kolb 1933).
However, the Virginia Fisheries Commission opposed this view,
coﬁtending that the available information was not adequate to arrive

at such a conclusion (Marshall 1949).

In recent years the fishing effort for American shad has
decreased. Because of the paucity of shad, many fishermen early in
the shad season will switch to larger mesh to catch the equally

scarce, butf more valuable striped bass.

In 1972, Tropical Storm Agnes hit Virginia when larvae,
post—larvae, and juveniles were present in the tidal freshwater
nursery gzones, The failure of the 1972 river herring vyear class to
recruit in 1976 was attributed to Tropical Stoxm Agnes, possibly as a
result of eggs and juvéniles being physically damaged by the highly
turbid conditions, and heavy river flows sweeping them seaward where
_osmotic imbalance would cause large mortalities (Loesch and Kriete
1976). American shad catch data are biased due to the selective

nature of the fishing gear used; however, trends in mean age and
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distribution in the late 1970's paralleled the finding derived from
the unbiased data for alewives and blueback herring. Thus, it is
possible that Tropical Storm Agnes also affected the 1972 year class

of shad.

Dams built in the 1800's block the upstream passage of anadromous
fishes and substantially reduce the amount of available spawning
grounds. On the James River, the American shad originally migrated
335 miles upstream. Today, because of Bosher Dam, the limit is about
105 miles. On the Chickahominy River, a tributary of the James River,
a low head dam was built in 1943 at Walker, about 22 miles above the
mouth of the tributary. In 1896, before the dam had been built, the
Chickahominy River contributed 307 of the total shad catch on the
James River watershed; in 1960 it contributed only 13% (Walburg and
Nichols 1967), and there is no shad fishing on the Chickahominy River
today. The area below Walker's Dam had been the lower limit of shad
spawning on the Chickahominy River before the dam was built; now it is

the major spawning area.

Contamination of the spawning and nursery grounds must also be
suspected as a factor in the decline of anadromous stocks in Virginia.
Kepone, for example, was reported in juvenile American shad and
blueback herring in the Mattaponi River (Loesch et al. 1982a). The
effects of various contaminants upon the survival rate of Alosa eggs,
larvae and juveniles is largely unknown, but it is reasonable to

assume that contaminants do not enhance survival,
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RIVER HERRING

HISTORICAL PERSPECTIVE

River herring is a collective term for two anadromous herring

species, the alewife (Alosa pseudoharengus) and blueback herring

(Alosa aestivalis). The two species are very similar in appearance,

and the commercial landings are simply reported as alewives. However,
there are significant behavioral differences (Loesch and Lund 1977;
Loesch et al. 1982b). These species have long been a important part
of Virginia's fisheries. As long age as 1588, Thomas Hariot wrote
that during the months of February through May, herring were "most
plentiful, and in best season, which we found to be most delicate and
pleasant meat" (de Bry 1590). 1In the latter half of the 18th century,
a decline in abundance of river herring, along with all anadromous
fish, prompted the Virginia Assembly to pass laws requiring that dams

be removed or fish passages built.

River herring, along with shad, were considered the most valuable
food fishes in Virginia in 1875, Their ability to keep well when
salted added immensely to their value (Va. Comm. Fish. 1873).

However, the fisheries suffered a decline, and by 1879 were no longer
profitable (Va, Comm. Fish. 1879). Artificial propagation was
considered to be impractical for river herring due to the glutinous
character of the eggs. Instead, measures recommended by the Virginia

fish to escape upriver and spawn, and a tax on fishing in order to
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discourage occasional fishermen and entrepreneurs from entering the

fishery and causing fluctuations in production and prices.

In 1920, river herring in Virginia ranked first in quantity and
fourth in value, with a catch of about 8,000 tons worth 253 thousand
dollars. As late as 1969 river herring in Virginia ranked third in
quantity and fifth in value, with a catch of 15,000 tons worth 608
thousand dollars (Nat. Mar. Fish. Serv. 1972). Since the early

1970's, however, the fishery has dramatically declined (Fig. 3).

In the early days, haul seines were used to catch the river
herring. In 1976, however, more than 99% of the catch was made with
pound nets. Other types of gear used include stake gill nets and

drift gill nets.

LIFE HISTORY

Alewife
Adults

Alewives are distributed along the Atlantic ceast from
Newfoundland to North Carolina, and in streams and lakes as far inland
as the Great Lakes. In the Great Lakes and many other inland lakes

they are landlocked.

Data reported by Loesch et al., (1979) show that from 1977 to 1979
the age of spawning ranged from 3 to 9 years, with the modal age at 4
to 6 years. The higher modal values are few, and associated with

years of extremely poor recruitment. The males dominate the younger
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age classes, but in the older age classes females, which mature at a
later age and have greater longevity, are more abundant (Loesch et al.

1979).

The alewife spawning migration occurs in the early spring, and is
related to water temperature. It occurs three or four weeks earlier
than that of blueback herring, and also precedes the first rum of
American shad, In the Chesapeake Bay, alewives usually arrive
sometime in March (Hildebrand and Schroeder 1928). Bigelow and
Schroeder (1953) state thét spawning ordinarily occurs at water
temperaturs of 55 to 60°F. In the act of spawning, two or more fish
swim rapidly in tight circles 8 to 12 inches in diameter with sides
touching, spiraling upward from the depths to the surface (Edsall
1964). Kissil (1974) reported that, depending on the length, female
sea~run zlewives produced from about 48,000 to 360,000 eggs, with a
mean of 229,000, The eggs are demersal and somewhat adhesive
immediately after being laid. Incubation period is dependent upen
water temperature. The time to hatching was reported by Rounsefell
and Stringer (1943) range from two to four days at 72°F, to six days

at 60°F.

¥eves (1981) reported that alewives in the ocean move north to
the Nantucket Shoals, Georges Bank, and coastal Gulf of Maine areas
during the summer and early fall, and then return south to the
mid-Atlancic ares in winter and early spring. Fe found alewives at
depths ranging from about 65 to 960 feet, but primarily in water

depths of less than 328 feet, which corresponds to the occurrence of



40

major zooplankton concentrations, upon which these fish feed.
Alewives appear to prefer deeper depths than blueback herring. WNeves
(1981) noted that the alewife has a slightly larger eye than the
blueback, a feature generally associated with existence at greater
depths; also, the dorsum of the alewife is green, a color which
generally penetrates deeper into the continental shelf waters than

blue, the color of the blueback's dorsum.

Juveniles

Young alewives spend their first summer in freshwater. TFew
juvenile alewives have been captured im recent years in the James
River, but previous sampling data (Davis et al, 1970) indicate the
nursery zone was from about mile 45 to 70, Other major nursery areas
for the alewives in Virginia are approximately mile 34 to 81 in the
Pamunkey River, mile 34 to 71 in the Mattaponi River, mile 40 to 104
in the Rappzhannock River, and mile 69 to 109 in the Potomac River
(Loesch and Kriete 1980). Although the Poromac River is part of
Maryland, many of the fish are landed imn Virginia and therefore, are

included in this discussion.

The juvenile alewives begin a seaward migration with the approach
of cool weather. This migration is very gradual. In the Potomac
River, alewives have been caught as late as December 3 (Hildebrand and

Schroeder 1928), From the Chesapeake Bay the majority of the voung

“migrate "directly to the ocean, but -at least some of them stay in the

Chesapeake Bay until they are 1 or Z years old (Hildebrand and

Schroeder 1928),



41

Loesch et al. {1982b) reported a vertical segregation of juvenile
alewives and bluebacks in tidal freshwater. Both species exhibited a
diel wvertical migration, In simultaneous samples with bottom and
surface trawls, most alewives were caught during daytime in bottom
samples; conversely, most blueback herring were captured at night with
the surface trawl. Loesch et al. (1982b) suggested that this
separation could serve to reduce feeding competition between the two
species since their reported diets are identical, Because of the
vertical migration and vertical separation of species, care must be
used when selecting sampling gear and time; Conflicting measures of
relative abundance can result from an inappropriate choice of
sampling, and from the effects of varied light intensity when surface

waters are sampled (Loesch et al, 1982b).

Mansueti and Hardy (1967) reported the total length of alewives
when hatched ranges from 0.14 to 0.20 inch. They grow rapidly,
reaching a size of 2.2 inches by July, 2.6 inches by September, and
about 2.8 inches by December in the Chesapeake region (Hildebrand and
Schroeder 1928)., Loesch and Kriete (1980) presented growth curves for
juvenile Alosa, and discussed aspects of Alosa behavior that affect

such estimates,

Estimates of instantaneous daily mortality rates of alewives in
Virginia rivers ranged from 0,033 to 0.040, with a mean of 0.036 in

1980 (Loesch and Kriete 1980).
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LIFE HISTORY

Blueback herring

Adults

The blueback herring is found from Nova Scotiaz to the St. Johns

River, Florida {Hildebrand and Schroeder 1928}.

The age of blueback herring sampled in Virginia rivers ranged
from 3 to 9. Prior to 1976, age 4 blueback herring were the modal age
groups for both virgin spawners and all spawners, Because of
successive years of poor recruitment, the proportions of age &4 fish in
the commercial fisheries have been substantially reduced. Males
dominate the younger age classes, while females are more abundant in

the older classes., (Loesch et al. 1979).

The blueback herring spawning migration generally begins in the
lower Chesapeake region during the first half of April and in the
upper reaches of the bay during the tast half of April (Hildebrand and
Schroeder 1928). By June 1, only stragglers are left. They are
reported to use the same general area as alewives, but are more
selective, preferring sites with fast-flowing water and the associated
hard substrate (Loesch and Lund 1977). However, in southern North
Carolina and further south, where alewives do neot occur, blueback
herring utilize lentic waters. This suggeste that differential
selection of spawning grounds is a clinal-like phenomenon, and spatial
isolation where the two species occur would reduce competitiom for

- spawning sites. Bigelow and Welsh (1925) reported that blueback
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herring spawning occurred when water temperatures were about 70 to
75°F. However, Loesch and Lund (1977) found that this range in water
temperatutre did not occur until about midway through the spawning
season in Connecticut. The spawning behavior of blueback herring was
described by Loesch and Lund (1977) and is similar to that of American

shad as reported by Medcof (1957).

Estimates of egg production and post-spawning retention in
blueback herring are facilitated by: 1) the reliability of using a
subsample of the ovary to determine eggs per unit weight, 2) the
independence of eggs per unit weight and total ovary weight and,3) the
nonsignificance of observed differences in eggs per unit weight for
paired left and right ovaries (Loesch and Lund 1977). Additionally, a
strong linear relation between left and right ovary weights permits
the predictioh of the weight of one member of a pair from the other

member with little loss of precisiom (Loesch 1981).

Loesch and Lund (1977) reported that variation in ova production
for individual fish ranged from 45,800 (9.4~inch fish [total weight])
to 349,700 (12.2-inch fish). The range for eggs retained in an ovary
pair after spawning was 9,300 (10-inch fish) to 107,600 (1ll,7-inch

f£ighy,

The ocean movements of blueback herring are similar to those for
alewives, except that bluebacks do not tend to occur as deep in the

“water colum as alewives (Neves 1981).
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Juveniles

The juvenile blueback herring in Virginia spend their first
summer in the tidal freshwater sections of the rivers. The nursery
areas for bluebacks in Virginia extend from about mile 46 to 92 on the
James River, mile 0 to 23 on the Chickahominy River, mile 34 to 8l on.
the Pamunkey River, mile 34 to 71 on the Mattaponi River, mile 46 to
104 on the Rappahannock River, and mile 69 to 109 on the Potomae River
(Loesch and Xriete 1980). Although they use the same part of the
river for a nursery ground as alewives, bluebacks are higher up in the
water column than alewives. Possibly this reduces feeding competition
between the two specles. The river herring migrate vertically, moviag
deeper in the water during the day than at night, and changing
position in the water column in association with available light,
suggesting negative phototropism. The vertical migrations of these
fish must be considered when selecting sampling gear and time of

sampling or conflicting measures of abundance may result (Loesch et

al. 1982b).

The young blueback herring are gbout 0.14 inch long when hatched
(Kuntz and Radcliffe 1918). They grow rapidly, reaching an average
length of 1.1 inches by July, 1.8 inches by September, and 2.5 inches

by December (Hildebrand and Schroeder 1928).

The growth rate of alosids is greater in the Pamunkey River than
" in the Mattaponi, both of which drain into the York River. This may
be due to a lesszer food supply in the Mattaponi. Growth rates of

blueback herring in the Chickahominy River have also been found to be
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relatively slow., However, the Chickahominy River has a relatively
small nursery zone length, approxmimately 43 miles, and the apparent
siow growth could be due to emigration of larger juveniles into the
James River, where juveniles exhibit a relatively high growth rate

{Loesch and Xriete 1980).

The estimated daily mortality of juvenile bluebacks in Virginia
in 1980, excluding the Chickahominy River, ranged from 0,034 to 0.048
with a mean of 0.040. The estimate for the Chickahominy River was
much higher, 0.067, but this statistic could be due to emigration of

larger juveniles (Loesch and Kriete 1980).

ﬁith the approach of cool water, October and November in the
Chesapeake Bay area, the blueback herring leave the freshwater
(Hildebrand 1963). Most pass through Chesapeake Bay and migrate out
to sea, but some stop in the deeper waters of the bay during their
first winter, and a few apparently remain through their second winter

(Hildebrand and Schroeder 1928),
FISHERIES

Gear Types

Pound nets are the primary gear used to catch river herring
commercially. Other types of gear used include haul seines, stake
gill nets, drift gill ners, and fyke nets, but in 1976 these methods
‘accounted for less than 1% of the total river herring catch in

Virginia (Nat. Mar. Fish, Serv. 1980).
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Sport fishermen collect river herring during the spawning run
with dip nets. The dip net fighery in Virginia begins in March and
continues into May. In 1977 and 1978, the daily catch by dip net
fishermen ranged from 30 to 400 fish per fishermen, depending upon

time and location of fishing effort (Loesch et al. 1979).

Status of Stocks

Since 1970 there has been a general decline in Virginia landings
of river herring (Fig. 3). 1In 1970, 9,522 tons of river herring were
landed in Virginia. By 1975 only 2,027 tons were landed, and in 1976,
the landings dropped sharply to 694 tons. In 1980, 592 tons were
landed (Loesch and Kriete 1980) and for 1981 the estimated landings

declined to 260 tons {(Va. Mar. Res., Comm. 1981).

Catch per unit effort has shown an increase since 1977 on the
York River, it has oscillated on the Rappahannock River, and has
decreased since 1975 on the Potomac River except for 1978, when it

showed a large increase (Loesch et al., 1979).

Loesch et al. (1979) reported that the annual percentage of
blueback herring relative to alewife was significantly greater in the
Virginia commercial catches from 1974 to 1979. 1In addition, the
authors noted that the data indicated a six—-year trend of increasing
dominance of blueback herring over alewife. Thus, as the Virginia
river herring stock declined since the early 1970's, the rate of
decline for alewife appears to have been greater than the rate for

bilueback herring.



47

Possible Reasons for Decline

In 1969 the reported landings of river herring by foreign f£ishing
fleets, primarily the USSR, East Germany, Bulgaria, and Polanﬁ,
increased relative to previous years (Hoagman and Kriete 1975). These
fleets operated east of the Virginia Capes and the Delmarva Peninsula
from January to May, and harvested river herring that would have
otherwise spawned in rivers of the mid-Atlantic states. The 1969
river herring landings for Virginia were about 26,791 tons, but in
1970 the landings decreased to 9,522 tons, and from 1971 to 1975

averaged about 5,512 tons,

Since 1973 the catch by offshore foreign fishing fleets has been
relatively low as a result of agreements between the USA and foreign
countries, and enactment of the 200-mile limit (PL 94-265), However,
the continued lack of strong recruitment has resulted in a continued

decline of the stocks {(Loesch et al. 1979).

In 1976 there was a further decline in catch resulting from the
near absence of the 1972 year class of river herring, which is
believed to have been decimated by the occurrence of Tropical Storm
Agnes that year. Eggs and young-of-the-year may have been physically
damaged by the highly turbid conditiomns. Also, heavy river flows may
have swept them seaward where large mortalities would have occurred

because of osmotic imbalance (Loesch and Kriete 1976).

Over the lomger period of time, the creation of impoundments on

Virginia rivers has resulted in 2 loss of spawning grounds for river



herring. Loesch and Kriete (1980} theorized that impouncdments could
have a greater impact on alewives than on blueback herring., Alewives
prefer spawning grounds in slow moving water or lentic enviropments,
while bluebacks prefer fast~flowing water, and could spawn in the
rapid flow below the impoundments. Except for Walker's Dam on the
Chickahominy River, which was built in 1943 (Walburg and Nichols
1967), there has been no dam construction since 1897 on large
waterways in Virginia, However, impoundments have been constructed on
small streams which exclude river herring from former spawning
grounds. The coatribution of these exclusions to the present decline

in river herring stocks is net known.

Contamination from pesticides and the increased application of
herbicides used in conjunction with no—~till farming may also have
contributed to the decline of the river herring stock. The
agrichemical contamination may have had a greater effect on alewives
spawning in minor tributaries, where the contamination would be more
concentrated, than on blueback herring spawning in the larger main
streams, where the contamination would be more diluted., This could
result in the differing rates of deciine for zlewives and blueback

herring (Loesch and Kriete 1980).
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HICKORY SHAD

HISTORICAL PERSPECTIVE

One of the first fish to be caught in the spring, hickory shad

(Alosa mediocris) in the late 19th and 20th centuries were caught in

pound nets and often sold in the cities as American shad to people who
were not well-informed. The market for them would soon cease, after
which they would be sold as fertilizer with river herring, at twice
the value of river herring (McDonald 1884, Jordan and Evermann 1937).
The market for hickory shad today continues to exist primarily in the

spring before the American shad arrive.

Hickory shad is of minor importance as a foodfish, mainly because
the meat Ls bony and considered inferior im flavor to the American
shad (Hildebrand 1963). However, hickory shad roe is often considered

superior to that of American shad.
LIFE HISTORY
Adults

Hickory shad, are found on the Atlantic coast from Maine to
Florida. They are rare north of Cape Cod, are apparently more
numerous in southern New England than in the Middle Atlantic States,
and are most abundant in Virginia and North Carolina (Hildebrand

1963).

Hickory shad generally mature at three to five years (Mansueti

1958b), but a few of both sexes mature at 2 years (Pate 1972). They
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spend most of their lives in the sea, returning to streams and
tributaries to spawn. Hildebrand and Schroeder (1928) reported that
there was a definite spring run and a somewhat less definite fall run
of hickory shad in the Chesapeake Bay. They have been reported in
Virginia rivers as early as February and have been found on the
spawning grounds until late May (Davis et al., 1970). The fall run
occurs from November until at least December (Hildebrand and Schroeder

1928).

Hickory shad swim as far upstream as possible and spawn below the
first insurmountable barrier encountered (Davis et al. 1970). They
found shad in ruaning~ripe and spent condition in both tributary
streams and mainstreams in Virginia. Pate (1972), however, working on
the Neuse River, North Carolina, was only able to collect hickory shad

eggs and larvae from tributary creeks and not from the mainstream.

Pate (1972) found hickeory shad eggs and larvae in flooded swamps
and sloughs located off the main channels of the creeks. The eggs are
apparently broadcast at random. They tend to be bouyant and are
slightly adhesive (Mansueti and Hardy 1967). The number of eggs per
female has been found to range from 43,556 eggs in a 12.8~inch,
3~year~old female to 347,610 eggs in a l7-inch, 6~year—old female
(Pate 1972). Mansueti (1962) found that the eggs hatch in twe or

three days at 65 to 70°F.
.mTﬁa édﬁif'ﬁidkofy'shaa,‘afhéf spéwﬁing; returns to an area near
the sea, and in the fall moves back into the lower estuaries before

moving out to sea (Mansueti 1958b). A small number of hickory shad
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are found almost every month of the year, under a wide variety of
estuarine conditions (Mansueti 1962). No information is available

concerning the movements of hickory shad in the ocean.
Juveniles

The nurseries of the hickory shad in Virginia are in the fresh
tidal sections of the James River, Pamunkey River, Mattaponi River,
Rappahannock River, and Potomac River (Davis et al. 1970). Massmann
(1953) reported that hickory shad migrate into salt water much earlier
than American shad, alewives, or blueback herring. Mansueti {1958b)
stated that the shad spends about 6 to 10 months in brackish water
after hatching before going to sea. However, Pate {1972), working on
the Neuse River, North Carolina, suggested that the young hickory shad
may migrate to a more saline enviromment without utilizing the
oligohaline portion of the estuary as a nursery area. He noted that
the freshwater zone which forms on the scales of anadromous clupeids

was far less evident on scales of adult hickory shad.

Bottom trawls conducted by the Virginia Institute of Marine
Science {VIMS) in the Rappahannock River during 1968 and 1969 captured
juvenile hickory shad at river mile 35 in September, 1968, mile 20 in

October, 1968, and mile 35 to 40 in July and August, 1969.

Hickory shad larvae average (.24 inch in length when hatched
(Mansueti 1962). The growth rate of young hickory shad is much
greater than that of other Alcsa species. Juveniles collected during

VIMS surveys in the Rappahannock River during 1968 and 1969 ranged in
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length from 2.6 to 3.1 inches with a mean of 2.9 inches in July and
August, 196%9. On September 18, 1968 they averaged 4.6 inches, and one
hickory shad caught on October 20, 1968 measured 5.4 inches. By
contrast, alewives reach an average length of 2,6 inches by September,
blueback herring reach an average length of 1.8 inches by September,
and American shad reach an average length of 2.8 inches by the last

half of Qctober {Hildebrand and Schroeder 1928}.

No information is available concerning the mortality rates of

juvenile hickery shad in Virginia.
FISHERIES

Gear nges

The principal gear for catching hickory shad is stake gill nets,
accounting for 71% of the hickory shad landed in 1976. Pound nets
were second, with 26% and drift gill nets caught 3%. Other types of
gear which have been used include haul seines, fyke nets, and slat
traps (Nat. Mar. Fish. Serv. 1980, Power 1960). In 1981, most of the
hickory shad caught commercially on the Rappahannock River were taken
by stake and anchor gill net fishermen using 4~inch and 4,5-inch mesh
net. Other gill net fishermen using 5~inch mesh net caught no hickory
shad, and pound net fishermen took them only in small numbers {(J. C.

Owens, Virginia Institute of Marine Science; personal communication).

‘A sport fishery exists for hickory shad near the spawning grounds

beyond the influence of the tide. Sport fishermen take hickory shad
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by casting for them with shad darts, spoons, and spinners {Kriete and

Merriner 1978).

Status of Stocks

The peak recorded cateh of hickory shad in Virginia since 1920
occurred in 1925 when 118 tons were landed. Im 1870 the catch was 12
tons, and from 1970 to 1975 it ranged from 5.5 to 28 tons. In 1976
there was a sharp decrease to 1.8 tons, and a further decrease to 0.7

ton in 1977. Since 1977, the catch has remained low {(Fig. 4).

Possible Reasons for Decline

The hickory shad is not an abundant commercial fish in Virginia.
It is one of the first fish caught in the spring and one of the last
to be caught in the fall in considerable quantities, but relatively
few are caught during the summer (Hildebrand and Schroeder 1928). The
fishery is not intense enough to greatly affect their abundance

(Hildebrand 1963).

As is believed to be the case with other Alosa species in
Virginia, Tropical storm Agnes probably decimated the 1972 year class

of hickory shad.

It is difficult to assess the impact of impoundments on spawning
hickory shad. Prior to 1962, a dispute existed between scientists as
to whether hickory shad even spawned in freshwater or whether they
returned to sea to spawn. Mansueti (1962) determined that hickory

shad do spawn in freshwater in Maryland. In Virginia, anadromous fish
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studies conducted at the VIMS show that juvenile hickory shad have
been caught in the tidal, freshwater sections of the Virginia rivers.
Davis et al, (1970) reported that spawning hickory shad swim upstream
until they encounter an insummountable barvier. They have been found
below the dam on the Rappshannock river at Fredericksburg, at Walker's
Dam on the Chickahominy River, and below the first dam at Richmond on
the James River. They have also been found in several tributary
streams in these rivers. Pate (1972) found that a low-head dam in the
Neuse River, North Carolina hampered the progress of the hickory shad,
although some were able to negotiate a fishway at the dam. It is
likely, therefore, that the comnstruction of impoundments in Virginia

Rivers has resulted in a loss of spawning grounds.

Contamination of rivers with pesticides and herbicides used in
conjunction with no-till farming may also have contributed to the

decline of hickory shad.
MANAGEMENT - ALOSA FISHERIES

Virginia has traditionally been very counservative in applying new
regulations to its fisheries, Former director of the Virginia
Fisheries Laboratory, Nelson Marshall, wrote in 1949, "Extreme caution
should be exercised in the adoption of measures restricting, in the
name of conservation, the metheods of fishing and the size and quantity

of fish taken."

Management of Virginia's fisheries in tidal waters is charged to

the Virginia Marine Resources Commission (VMRC) except in the Potomac
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River, where the Potomac River Fisheries Commission (PRFC) has
jurisdiction. The VMRC is authorized to adopt such regulations as it
deems necessary to protect and promote the industry (Va. Mar. Res.
Comm. 1980). The PRFC may, by regulation, prescribe the type, size,
and description of all species of finfish and shellfish which may be
taken or caught within its jurisdiction, the places where they may be
caught or taken, and the manner of catching or taking (Va. law sec.

28.1-203).

An Interstate Figheries Management Program is presently being
developed by state pérticipants from Maine to Georgla. At present,
however, there are few laws regulating the Alosa fisheries in
Virginia. Those laws which affect the fishery are primarily directed

toward regulating the fishing gear, as follows:

Pound nets must have a minimum stretched mesh size of 2 inches.
The maximum length of haul seines is 1,000 yards long, and when more
than 200 vards long, they must have at least a 3-inch stretched mesh

(Va, law sec. 28,1-3,1).

The maximum length of any fishing structure in Chespeake Bay is
400 yards, There must be at least 200 ft. between successive fishing
structures and 300 yards between adjoining rows of structures {(Va, law

sec, 28.,1-52),

No net may be set across any river, bay, estuary, creek, or inlet

which is longer than one fourth the width of the body of water, and
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the net shall not be set or fished more than omne half the distance

across the channel of the water (Va., law sec. 28.1-53),

Except in the James River, there are no regulations concerning
the size, number, or season for catching Alosa fishes in Virginia
waters. In the James River, a regulation by the Virginia State Water
Control Board prohibits fishing when they determine that the Kepone

contamination levels are greater than 0.3 ppm,

Management of the offshore foreign fishing fleet operating within
the 200 mile Fishery Conservation Zone is provided for by the Magnusen

Fishery Conservation and Management Act (PL 94-265).

The Virginia Institute of Marine Science (VIMS) has been actively
engaged in research of the anadromous Alosa since 1965. Based om
recent data, VIMS management recommendations included a reduction in
the river herring by-catch of foreign fishing vessels te 110 toms or
less, and the development of a contingency management plan by the VMRC
that would provide for increased escapement of river herring from the

fishery until the advent of stronger recruitment (Loesch et al, 1979).
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ATLANTIC STURGEON

HISTORLCAL PERSPECTIVE

Sturgeon have been important fish to Virginians since the time of
the first colonists. The early settlers at Jamestown, familiar with
the valuable sturgeon roe or caviar in Europe, saw potential riches
from the sturgeon in America. Within a few months of their arrival in
1607, a sturgeon fishery had become economically important (Pearson
1942). 1In 1609, Captain Samual Argall sailed from England to Virginia
to fish for sturgeon, prompted by the desire of English merchants to
be free of Baltic domination of the sturgeon market. Pickled sturgeon
were sent to England, where the air bladder was used to make
iginglass, agd the roe to make caviar., Unfortunately, in the hot
Virginia summers, sturgeon spoiled quickly, and sturgeon products did
not keep well on the voyage to England. By 1626, the sturgeon fishery
still had not become profitable, and colonists began turning their
attention toward more productive efforts such as tobacco growing, and
shad and river herring fishing for local consumption (Pearson 1942).
At one time sturgeons were considered worthless, and were destroyed in
large numbers by fishermen, who regarded them as pests (Hildebrand and

Schroeder 1928).

Toward the end of the 19th century, however, sturgeon again
became important, and a special fishery was inaugurated. In 1890,
_.about 407 tons ofhsturgeon‘were_ianded in Virginia, A great decrease
in the sturgeon catch occurred after 1897, and again after 1904

(Hildebrand and Schroeder 1928). By 1914, the Virginia legislature,
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in an effort to protect the specles, had enacted a minimum size limit
of 48 inches for sturgeon (Va., Comm. Fish. 1915). 1In 1915, a bill was
introduced in the Virginia General Assembly which would have
prohibited the taking of sturgeon for a period of ten years, but it

failed to pass (Va. Comm. Fish, 1916).

After continued declines in the landings in the 1970's, it became
illegal to catch sturgeon after 1977. Today the Atlantic sturgecn is

designated as a threatened species by the state of Virginia,
LIFE HISTORY
Adults

Atlantic sturgeon are found along the east coast of North America
and in the Gulf of Mexico. They are divided into two subspecies, the

Atlantic sturgeon, Acipenser oxyrhynchus oxyrhynchus, and the Gulf of

Mexico sturgeon, Acipenser oxyrhynchus desotoi (Vladykov 1955). The

range of the Atlantic subspecies is from the St. Lawrence River,
Quebec (Sloterdiik 1978) to the S$t. Johms River, Florida (Vladykov and
Greeley 1963), while the Gulf subspecies is limited to the Gulf of
Mexico, northern coast of South America, and possibly Bermuda (Huff
1975). All further references to Atlantic sturgeoa in this paper will
apply to both subspecies, although only the former occurs in Virginia

waters,

"Sturgeons are long=-lived fisheés whose lifespans may exceed 60
years (Murawski and Pachecoc 1977). The time until sexual maturity is

also quite long, and appears to vary with latitude and with sex. 1In
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Florida, Huff (1975) found, by microscopic examination of gonad
tissue, mature females ranging in age from 8 to 17 years and males
from 7 to 21, However, spawning may be delayed by several years
because behavioral and hormonal deveiopment may not be sufficient to
elicit spawning. By examination of the spawning marks in fin rays,
Huff determined the mean age of first spawning for his Florida
specimens to be 6.8 years for females and 12.2 years for males, 1In
the St. Lawrence River, Canada, sexual maturity is achieved by males
at 22 to 24 years and by females at 27 to 28 years. This corresponds
to an approximate total length of 65 inches for males and 75 inches
for females (Scott and Crossman 1973). No female has been reported as
being ready to spawn before reaching a weight of at least 150 1b, and
an age of about 10 years (Vladykov and Greeley 1963), In Chesapeake
Bay, sexual maturity is believed to occur when a length of about 48
inches has been attained (Hildebrand and Schroeder 1928). This is the
size at which the species loses its juvenile characteristics {Scott

and Crossman 1973).

It is not known whether female Atlantic sturgeon spawn every
year. However, Vladykov and Greeley {(1963) observed that, even during
the spawning season, large individuals with iImmature ovaries are found
among fully mature female Atlantic sturgeon. They suggested that this
may be explained by the fact that the fish, after the first spawning,
may spawn only at intervals of two or even three years. Roussow

(1957) showed that the lake sturgeon, Acipenser fulvescens, requires 3

to 6 years of gonadal development before spawning, and 1 to 2 years to
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recover t0 a resting state, resulting in spawning only every & to 7

years.

The Atlantic sturgeon appear to enter the Chesapeake Bay prior to
spawning during April, and later move into the rivers where the spawn
is deposited (Hildebrand and Schroeder 1928), Huff (1975) found that
the overall sex ratio during the spawning migration was l:1, but that
there were significant differences in the sex ratios between spring
and fall. He concluded that this indicated differential migration
routes chosen by pre~ and post-spawning sturgeon, with females
actively seeking shallow water during spring and deep water during

fall.

The spawning locations in Virginia have not been identified. In
the St. Lawrence River the sturgeon apparently move upstream through
deep channels that are kept free of nets because of navigation
(Viadykov and Greeley 1963). Dees (1961) reported that sturgeon
almost cease feeding while swimming upsiream and that they move to a
spawning area beyond the reach of the tide. However, Dale and
0'Conrer (1981} reported that studies of sturgeon movements in the
Hudsen River by Dovel indicated that Atlantic sturgeon spawn in
oligohaline waters (0.5~5 ppt)}. Spawning locations have been
described as being over hard bottom in running water (shoals) and in
pools below waterfalls, typically in and below bends, often with a
T¥igged bathymerry varying as much as 197 fr (Huff 1975)y and in-
running water as much as 9.8 ft deep over small rubble or gravel (Dees

1961). Borodin (1925} reported spawning to occur in water
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temperatures of 56 to 64°F, Smith et al. (1980) induced spawning with
pituitary injections in freshwater tanks at water temperatures of

about 53 to 63°F.

The females appear to expel their eggs by rubbing their bellies
against hard places on the river bottom, or against the bodies of
males (Ryder 1890). The spawning activities of Atlantic sturgeon have
not been observed; however, the blood red appearance of the bellies of
females caught in rivers has been considered evidence that the fish

were caught in the act of spawning (Borodin 1925).

The fecundity of the females rénges from 800,000 rto 3,755,745
eggs {Viadykov and Greeley 1963), The fertilized eggs are 0.08 to
0.11 inch in diameter, and are slate—-grey or light to dark brown
(Jones et al. 1978). They are demersal and adhesive {(Viadykov and
Greeley 1963) and become firmly attached to substrate within 20

minutes (Jones et al. 1978},

After spawning the spent fish gradually return to the sea from
September through December., They undertake coastal migrations as long
as 870 miles along the coast at depths less tham 66 fr. Possibly they
spend the winter along the North Carolina coast {(Jenkins and Musick

1980).

The food of the Atlantic sturgeom varies with habitat. It is a
“bhottom feeder; -rooting "in-the-substrate with its -snout,and sucking up -
its food along with considerable asmounts of mud (Vladykov and Greeley

.1963). The stomach contents of sturgeon taken from the Hudson River



have been found to contain mud alomg with plant and animal matter
including sludgeworms, chironomid larvae, isopods, amphipods, and
small bivalve molluscs. The stomachs of sturgeon tzken in salt water
have been found to contain polychaete worms, marine gastropods,
shrimp, amphipods, and isopods, Large sturgeon feed on molluscs and

other bottom organisms (Vladykov and Greeley 1963).

Juveniles

Atlantic sturgeon eggs hatch in about 94 hours at 68°F, about 168
hours at 64°F (Jones et al. 1978), amd 121 to 140 hours at 61 to 66°F
(Smith et al. 1980). The fry average 0.28 inch total length at
hatching. They absorb their yolk sacs in about 1} days at which time
they average 0.5 inch total length (Smith et al. 1980). Dale and
0'Conner (1981) collected sturgeon larvae in the Hudson River at
depths ranging from 30 to 65 ft., water temperatures between 5% and
76°F, and salinities of 0 to 2.2 ppt. The larvae were collected only
in bottom samples, and no eggs were collected., The collections were
made from 1972 to 1979 during May, June, and July, and total length
ranged from 0.33 to 1.4 inches. Smith et al, (1980) reported that
sturgeon under culture comditions grew to an average total length of

0.78 inch after 20 days and 4.5 inches after 131 days.

Young sturgeon may spend as long as three or four years in fresh-

water before migrating to sea (Murawski and Pacheco 1977), During

this time they remain in the lower tidal reaches of rivers {(Dees

1961).
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FISHERIES

Gear Types

In 1976, the last year im which a sturgeon fishery was allowed
and years prior to 1976, otter trawl fishing in the Atlantic was the
primary gear used to capture the fish. Smaller catches were reported
with pound nets, fyke and hoop nets, drift gill nets, and anchor, set

and stake gillnets,

Status of Stocks

Atlantic sturgeon are a protected species in Virginia (Va. law
sec, 28.1-49.1) and are fished neither commercially nor by sport
fishermen. Nevertheless, a few sturgeoen are still landed annually in
Virginia as a result of a provision in the law allowing fishermen to

keep dead or obviously injured fish (Jenkins and Musick 1980).

There are no commercial catch data available for assessing the
currents status of the sturgeon stocks in Virginia. However, in 1978
and 1979, the Virginia Institute of Marine Science (VIMS) conducted a
general pilot study of sturgeon im Virginia waters (Loesch et al.
1979). Logbooks were placed with cooperating pound net and gill net
fishermen, and catch-per~unit—cf-effort calculated for the sturgeon
caught and released by these fishermen, From the total average pound
net or gill net effort in the sampling area an estimate of the total
biomass of sturgeon caught and relé;;;;ngéén;gééiﬁéé. 4£§Mi§%étgﬂé. a
James, York, Pamunkey, Mattaponi, and Rappahannock rivers were

sampled. An estimated 2.8 tons of sturgeon were caught and released
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in these rivers with the James River accounting for 64% of the catch.
In 1979 only the James, York and Rappahannock rivers were sampled.

The estimated catch was 5.7 toms, with 79% caught in the James River,

Sturgeon are scarce today in comparison to historical catech data.
In 1880, the catch was 54.4 tons from the James River alone
{(Hildebrand and Schroeder 1928); the total Virginia landings of
sturgeon that year was 206 tons. These figures include both Atlantic

sturgeon and shortnose sturgeon, Acipenser brevirostrum. Shortnose

sturgeon were taken commercially until declared an endangered species
after 1973. However, the shortnose sturgeon have always been rare in
Virginia waters. Only one specimen has been collected in Chesapeake
Bay and that was in 1876 from the Potomac River {(Jenkins and Musick

198G),

The sturgeon catch declined sharply after 1898, from 316 toms in
1898 to about 91.5 toms in 1901, and again after 1904, when it dropped
from 90.5 tons in 1904 to 1l tons in 1920. 1In the mid-1970's the

catch declined further, from about 9 tons in 1973 to 1.4 tons in 1976.

After 1973 shortnose sturgeon could no longer be caught, and in
1977 it became unlawful to catch Atlantic sturgeon in Virginia waters
unless injured or dead. Although Atlantic sturgecon are protected in
Virginia, the stocks are commercially exploited in North Carolina
..ggyéﬁg.Fpgi;.oceanic migrations, and substantial landings are still

reported (Jenkins and Musick 1980).
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Possible Reasons for Decline

Overfishing is a major factor in the decline of sturgeon stocks.
Because of their large size and sluggish behavior, sturgeon are easily
captured. When they became a valuable fishery around 1870 (Murawski
and Pacheco 1977), they were caught in great numbers, with the
aggregate catch becoming smaller each year (Hildebrand and Schroeder
1928). At the turn of the century, fishing was so intensive that few
mature fish were able to reach the spawning grounds (Vladykov and
Greeley 1963). 1In addition, young sturgeon were killed by shad
fishermen when they became entangled in the nets (Murawski and Pacheco

1977).

Pollution has alsc contributed to the decline of sturgeon.
Sturgeon are strictly bottom feeders, and destruction of their food
supply by pollution has had an adverse impact on the stocks.

Pollution has been considered the principal cause for the elimination
of sturgeon runs in the Sampit and Lynches rivers, South Carolina, and
for the decline of sturgeon stocks in the Delaware River, Delaware

(Murawski and Pacheco 1977).

Dam construction is another potential comtributor to the decline
of sturgeon. Dams have been reported to block passage of sturgeon in
the Merrimac River, New Hampshire, and Peedee, Wateree, Congaree and
nsgyagg;h rivers, Scuth Carolina (Murawski and Pacheco 1977). Dam
construction on the lower Susquehanna River.iﬁ ﬁa;fléﬁé;.éﬁa ﬁ;;siblf
those dams associated with navigation canals in Virginia may have
reduced the spawning ground available to sturgeon {Jenkins and Musick

1980).
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MANAGEMENT

Currently, fishing for sturgeon is not allowed in Virginia
waters. Prior to the banning of sturgeon fishing in 1977, a law
passed by 1914 had allowed sturgeon to be caught, provided they were

at least 48 inches in length (Va, Comm, Fish., 1915).

Jenkins and Musick (1980) have proposed that tagging studies
should be imitiated to determine whether Virginia sturgeon are being
taken by North Carolina winter fisheries. If so, consideration should
be given to protecting sturgeon from the coastal fisheries, allowing
estuarine and riverine fisheries only in those states where stocks are

adequate to support a fishery.
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FEASIBILITY OF RESTORATION PROGRAMS

SUCCESSFUL RESTORATION PROGRAMS

Fish passage facilities over dams have been successful on both
the east and west coasts of the United States., Examples of successful

structures, and current plans for future facilities are as follows:

Columbia River (Washington, Oregon and British Columbia, Canada)

American shad (descendants of East Goast fry stocked in the late
19th century) have utilized fish ladders on the Columbia River for
many years, While the shad is an exctic species to the area, its use
of ladders built for Pacific salmon is another example of the value of
fishways in a restoration program. American shad presently migrate
over 430 miles up the Columbia and Snake rivers in Washington and
Oregon. To complete this journey the shad must negotiate fish passage
facilities at eight hydrodams., 8ince 1968 over 90% of the shad
passing the Bonneville Dam (mile 145 on the Columbia River) have also
passed the Dalles Dam, about 46 miles upstream. In 1981,
approximately 1.1 million American shad passed over the Dallieg Dam,
about 528 thousand over the John Day Dam (mile 216), 193 thousand over
the McNary Dam (mile 292), and 21 thousand over the Priest Rapids Dam

(mile 397).

The Department of Marine Resources in Maine has had a very active

fish ladder construction program since the late 1960's to enhance



68

sea~run fish populations for commercial and recreational users (Lewis
N. Flagg and Thomas $. Squiers, Maine Department of Marine Resources;
personal communications). Some of the completed projects are shown in
Figure 5. Future sites under consideration for fish passage
facilities or stream improvement include the St. George, upper Royal,
Orange, and Marsh rivers, and West Harbor Pond. Presently, there is
also an active restoration program for alewife, American shad and
Atltantic salmon in the St. Croi% River, the boundary between Maine and
New Brunswick, Canada. Alewife and landlocked Atlantic salmon
movement in the St. Croix River has been verified at Grand Falls Dam,

the third of five dams on the main stream.

New Hampshire

During the 196C's and 1970's fish ladders were constructed in New
Hampshire's major coastal rivers. River herring were also stocked
above stream barriers. The result of these efforts has been, in
general, a major increase in river herring in the Lamprey, Exeter,
Oyster, Cocheco, Taylor, and Winnicut rivers; e.g., in the Lamprey
River the river herring run has increased from about 1,400 fish in
1973 to over 50,000 in 1981 (Jonathan C. Greenwood, New Hampshire Fish
and Game Department; personal communication). Presently, there is
also an active American shad stocking program., This effort is
expected to reintroduce this species in rivers where it was eliminated
" by the constructicn of damy for the textileindustry-in the

mid—-1800's.
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Connecticut River (Comnecticut, Massachusetts, New Hampshire and

Vermont)

Presently, Atlantic salmon, American shad, blueback herring and
striped bass move upstream to a fish lift at the Holyoke Dam,
Massachusetts {mile 86), The 1ift became operational in 1955 and has
been modified seven times, with each modification improving the
efficiency or capacity (Moffitt et al. 1982}, The additions of a
tailrace in 1975 and a spillway lift in 1976 are believed to be the
'major resons for the relatively large returns of fish in subsequent
years (Table 3}, 1In 1981, a total of 319 Atlamtic salmon were passed
over the Holyoke Dam along with approximately 420,000 blueback
herring, 380,000 American shad and 570 striped bass. Most of the
salmon were collected for breeding but some, together with the shad,
moved upriver to the Turners Fall Dam (mile 123). 1In turn, fish of
both species moved to a Vernon, New Hampshire fish trap (mile 142);
subsequently salmon were transported upriver by hatchery trucks beyond
Bellow Falls Dam (mile 174} where the fish were released to spawn

naturally.

Massachusetts

In addition to the fish lifts at Holyoke, a new lift in the
Commonwealth of Massachusetts hecame operational on 9 May 1983 at the
Essex Dam on the Merrimack River in Lawrence, As of 25 May, 660
smerican shad, 2,375 river herring, and 8 Atlantic salmon were passed
upriver (Ben Rizzo, U.S. Fish and Wildlife Service, Newton Cornor,

Massachusetts; perscnal communication). Additionally, 19 new Denil
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ladders were installed, and about 70 of the older weir-pool type
ladders have been replaced or repaired, or modified since 1969 (Joseph
8. DiCarlo, Massachusetts Division of Marine Fisheries; personal

communication).

Rhode Island

The Rhode Island Division of Fish and Wildlife in 1980 reported
that American shad had returned to the Pawcatuck River after a total
absence of nearly 100 years. The reestablishment of the run was due
to the construction of a fish ladder and the stocking of shad upstream
of the dam. A total of 165 American shad were counted at the Potter
Hill Fish Ladder in 1980. These fish were mostly four-year-olds and
were the progeny of approximately 2,500 adult shad transported from
the Connecticut River snd stocked into the Pawcatuck River during the
Spring of 1976, This is believed to be the first time a depleted
American shad run has been successfully restored when no remnant of
the original run remained (John F. O'Brian, Rhode Island Division of
Fish and Wildlife; personal communication). An average of 800 adult
shad returned in the years 1981 and 1982 (Table 4). Some of the other
activities relative to the restoration of anadromous runs in Rhode

Island are summarized in Table 3.

Pennsgylvania

"The city of Philadelphia fundéd the construction of a fish-ladder

within the city limits on Fairmont Dam on the Schuylkill River in

1979, This site is within city limits and contains a public viewing
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chamber which provides urban entertainment and stimulates public
interest in fishery projects. Only a few shad were observed in 1981,
but it is expected that their pumbers will increase, Other fishways
are required before anadromous species can totally utilize all the

historical spawning habitat in the Schuylkill River.

Susquehanna River {(Maryland, Pennsylvania and New York)

A cooperative program for restoring historical runs of anadromous
species to the Susquehanna River has been in progress since the
1960's. There are four dams that will require fishways, the Conowingo
{95 ft), Holtwood (55 £t), Safe Barbor (55 £t) and York Haven
(several, 6 to 22 ft}, to permit these fishes access to over 250 miles
of suitable spawning and rearing habitat in the main stem and over 200
miles in the tributaries. The American shad was once an important
commercial species in the Susquehanna River and migrated upstream to
at least Binghamton, New York (mile 330) during its spawning runs
(Stevenson 1897}, Striped bass have been documented at mile 160 (Pa.
State Comm. Fish. 1886). Alewife, blueback herring and American eel
are additional sea-run species that formerly utilized the Susquehanna

River, but now encounter the Conowingo Dam at river mile 10,

Other Activities

The states of Maryland, Virginia, North Carclina, South Carolina,
and -Georgia {in-addition to many of the states- discussed - above)
annually collect statistics om the anadromous species in their

respective waters. Catch and effort, sex ratio, age structure, size,
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and relative abundance data are collected in most of the programs for
adult fishes; an index of relative abundance is generally determined
for the young-of-the-year. These baseline data are essential for .

rational management of the stocks.
Virginia: James River

A description of the dams in the Richmond area of the James
River, the feasibjility of retrofitting fish passage facilities to the
dams, the types of facilities, and preliminary estimates of cost are

presented in the Appendix.

EXPECTED BENEFITS

All anadromous stocks in Virginia waters have declined in the
last century, some have exhibited dramatic decreases within the last
decade. The passage of fish upstream of Bosher Dam would extend the
migratory route of anadromous fishes to Coleman Falls Dam, Virginia,
approximately, an additional 100 miles. Benefits expected from the
fish passage facilities are; 1) increased spawning and nursery
habitat, thereby enhancing the anadromous stocks; 2) increased demsity
of forage species (Alosa) for resident species; 3) enhancement of
sport fishe;ies and support businesses; &) enhancement of commercial
fisheries and support businesses; and 5) enhancement of city park
fishing activities and associate interpretive programs in the Richmond

Jarea.

Mr. Rizzo's design estimate for 600,000 American shad to

eventually be passed above the Bosher Dam (Appendix) is based on the
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assumption of 30 spawning adults per acre. This value (50/acre) was
originally used in testimony pertaining to a shad restoration program
in the Susquehanna system; the testimony was submittd by Richard 8,
St., Pierre (U.$. Fish and Wildlife Service, Harrisburg, PA) to the
Federal Energy Regulatory Commission, Docket No. EL80-38. Mr. St.
Pierre derived the c¢constant from long~term estimates of the annual
number of American shad in the Connecticut River and the amount of
spawning habitat available. The potential population of 3,000,000
river herring to be passed above the Bosher Dam is based on an
estimate of the river herring to American shad ratio in the
Connecticut River. Both of these estimates of expected number to be
passed over the Bosher Dam are probably conservative. Estimates of
the annual number of American shad in the Connecticut River were
recently adjusted upward for the years 1965 through 1981 to account
for gill net selectivity; also, juvenile surveys in the years 1979,
1980, and 1981 indicated that the relative abundance of just the
blueback herring was ten times greater than that of the American shad
{(Victor Crecco, Connecticut Department of Natural Resources; personal
communication), In an earlier investigation of juveniles in the
Connecticut River in the vears 1966, 1967 and 1968, the relative
abundance of blueback herring was also much greater than that for
alewife and American shad {Loesch 1969)., Striped bass and sturgeon

would also be passed upriver, but their number and size would be a

Cfunction of the types of facilities constructed, Fish lifts and locks

in the New England region have been found to be much more efficient



74

than fish ladders for passing striped bass greater than about 13

inches.

Based on the documented success of other restoration prograﬁs, we
believe our stated expected bepefits are reasonably conceived., In the
Counnecticut River drainage basin, a group of utility companies,
collectively Northeast Utilities (NU), proudly proclaim the results of
their restoration efforts, and their cooperation with the Committee
for Fisheries Management of the Connecticut River Basin. The Holyoke
Water Power Company lays claim te the first successful shad fishway on
the Atlantifc coast, the Holyoke Dam fish lift. At the Turner Falls
facility NU has provided viewing areas ané welcomes the public, Each
spring, a "shad derby" sponsored by the Holyoke Water Power Company
brings thousands of anglers to the river below the dam. An NU
brochure states that sport fighermen catch over 10,000 American shad
in the Connecticut River, and, altogether, spend about $270 thousand.
Additionally, the value of the commercial catch from the river mouth
to just below Hartford (approximately mile 45) averages about $500

thousand annually.

The estimated economic worth associated with the restoratiom of
American shad runs in the Susquehanna River is between $45 million and
$185 million (McConnell and Strand 1981). The investigators, for
several reasons, also considered their estimates to be couservative,

_ ©:8:, American shad was the only species considered, and the New York

State portion of the river was not included in their economic models.
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In a 1982 Sport Fishing Institute Bulletin it was stated that the
importance of opportunities for recreational fisheries in urban areas
is apparent when we recognize that 70% of the cities in the United
States with a population of 50,000 or more, and about 30% of the
cities having a population between 25,000 and 50,000 are located on a
river, lake, estuary or ocean., There is a rapidly growing awareness
of the aesthetic and social importance of urban fishing programs by
urban planners, developers, and city officials, as well as by fishery
professionals. The American Fisheries Society, in recognition of the
unique needs and problems encountered in the development of urban
fisheries, has organized an intermatiomal symposium entitled '"Creating
Fishing Opportunities in the Urban Enviromment' (Grand Rapids, MI,

Qctober 1983).

The Commonwealth of Massachusetts and the State of New York are
two of our mearest '‘neighbors' that have instituted urban fishery
programs because of the high social value of water-related receation.
Their programs address the planning, implementation, and information
and education aspects of urban recreational fisheries. Some of the

basic goals in the Massachusetts Urban Angler program are:

1. Demonstrate ways te catch, prepare, cock and preserve the
abundant, but underutilized, fish species present in
Massachusetts waters.

2, . Provide residents with a healthy, inexpensive, life-long .

cutdoor recreation which can be pursued close to home.
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3. Develop an increased awareness of man's impact on the aguatic
environment, and an awareness of how this enviromment relates
to their lives.

4, Aid in the emotiomnal, inteilectual, and physical development

of the participants.

It is hoped that these goals will be obtained by teaching basic
fishing skills through local workshops, (Ilo Howard, Massachusetts
Division of Fisheries and Wildlife; personal communication}. A
special effort is being made to attract children, women, and senior
citizens to the program; e.g., a study was conducted to compile a

profile of the "average' woman angler, in Massachusetts (Howard 1979).

Private industry and concerned citizens are also involved in
promoting urban fisheries. A television station in Washington, D.C.
(TV-7) will host its third annual Fishing Derby this year in the
Potomac River, Additionally a TV-7 Fishing Clinic is being sponsored
in cooperation with Safeway Stores, Schlitz Beer and Qutdoor Life
Uniimited. A citizen's group, The Fishing Committee of the Washington
Area Waterfront Actionm Group is coordinating both events. A decade
ago, prior to the initiation of a massive clean-up effort which
started several years ago, the debased coundition of the Potomac River

precluded such recreational activities.

The present high activity in water reclamation projects for
public recreation, the involvement of industry and the public in fish
restoration projects, and the growing popularity of urban fishery

programs indicate that the aesthetic and social rewards of such
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endeavors are, at the least, no less important than the monetary

considerations. No state or municipality can expect other

sovereignties to provide a wholesome environment for their enjoyment

while they, for whatever purpose, degrade their own.

similar thought that prompted Henry Thoreau to writel

Such 1is beauty ever -— neither here nor

Perhaps it was a

there,

now nor then -— neither in Rome nor in Athens, but
wherever there is a soul to admire. If I seek her
elsewhere because I do not find her at home, my

search will prove a fruitless one.

We recommend the installation of facilities that would insure

upstream passage for anadromous species, and, subsequently, the

successful dowmstream return of adults and juveniles.

Access to

historical spawning grounds above Bosher Dam will enlarge the

anadromous populations, All Virginians would benefit from this

enhancement, and in particular, the cities and other municipalities

from Richmond to Lynchburg would have a unique oportunity to enrich

their aesthetic, social and ecounomic posture.

EXPECTED COSTS

The preliminary cost estimates for fish passage facilities at

each of the five dams are presented in the Appendix.

Total cost

estimates range from $2.5 million to $7.5 million, depending upon the

nature of the facilities and whether or not VEPCO redevelops

hydropower at the Manchester and Twelfth Street plants. Although

1 Thoreau om Man and Nature: A compilation by A. G, Volkman (1960),
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these estimates are substantial sums, the values, particularly for any
individual facility, pale when compared to many such investments
elsewhere. Northeast Utilities spent $2.! million in the period
1974~1976 just for modifications (spillway and am additiomal 1ift) to
the Holyoke Dam facilities. Since 1955, about 35 million have been
spent at the Holyoke site; in terms of 1983 dollars, the sum would be
considerably greater., Northeast Utilities also spent $12.5 million for
three fish ladders that were completed in 1980 at the Turners Falls
Dam, Massachusetts, New England Electric Company financed the
construction of two fish ladders at dams in the Connecticut River in
Vermont, The ladder at Vernon Dam was Eompleted in 1981 at a cost of
$9.5 million; the other ladder at Bellows Falls Dam, scheduled to open
later this year, will cost about $7 million. A private investment
firm, Lawrence Hydroelectric Associates, which sells electrical power
to Northeast Utilities, earlier this year opened a new fish 1ift at
the Essex Dam on the Merrimack River in Lawrence, Massachusetts at a

cost of $2.3 million,

The construction of fish passage facilities for the five dams in
the Richmond area of the James River is a practicable undertaking,
The costs are long-term amortizations, while enhanced fish stocks are
an annually renewable resource with a large poteantial for very

positive socio—~economic ramifications,

POTENTIAL FUNDING SOURCES

In 1930 the General Assembly enacted Virginia Code sectien
29-151, requiring any persom owning or having control of any dam or

other obstruction which may interfere with the free passage of fish to
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provide and maintain a suitable fish ladder., Although parts of some
river systems are exempted from sectiom 29-151, the Richmond arez of
the James River is not. {See pages 8-9 for Section 29-151.) Title to
the Bosher Dam and Kanawha Canal are vested in the (&0 Railroad. The
City of Richmond, however, assumed the responsibility for the
operation and maintenance of these facilities when it acquired the
water rights in 1973, In addition, the City of Richmond owns the
Williams Island Dam, the Hollywood/Belle Island Dam, the Brown's

Island Dam, and the Manchester Dam.

Under the Federal Power Act (FPA}, 16 U.S.C. Sec. 791 (a) et
seq., the Federal Energy Regulatory Commission (FERC; formerly the
Federal Power Commission [FPC]) is authorized to issue licenses for

non~Federal hydreelectric power projects,

After a review of a project application, FERC may issue a license
to the applicant for a term of up to 50 years, if the Commission finds
that the project will be best adapted to a comprehensive plan:

1. for improving or developing a waterway for the use or benefit

of interstate or foreign commerce;

2. for the improvement and utilization of water—power

development;

3. and for other beneficial water uses, including recreational

purposes. (Section 10{al.)
The last standard, requiring consideration of "other beneficial uses,
including recreational purposes™ has been interpreted by the Federal

courts te require evaluation of impacts to fish and wildlife,
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comnservation of natural resources, the maintenance of natural beauty,

and the presevation of historic sites,.

The consideration which must be given under the FPA to impacts on
fish and wildlife from a hydreoelectric p;oject ig further strengthened
by the provisions of Fish and Wildlife Coordination Act, 156 Y.S.C.
Sec. 661 et seq., and the National Environmental Policy Act, 42 U.S.C.
Sec., 4321 et seq. Both statutes require evaluation of fish and
wildlife impacts, and can serve as the basis for medifying,
conditioning, or denying s FERC license. When requested by
appropriate state agencies, and the U.§5. Fish and Wildlife Service
and/or the U.S. National Marine Fisheries Service, FERC has generally
included construction of a passage facility by an applicant as a
condition for granting a licemse. 1In Section 18 of the FPA it is
stated that "The Commissioner shall require the construction,
maintenance, and operation by a licensee and its own expense of such
lights and signals..., and such fishways as may be prescribed by the
Secretary of Commerce." The suthority of FERC has been confirmed by

the U.S. Supreme Court, e.g., see Udall vs, FPC, 387 U.S. 428 (1966).

The Virginia Electric and Power Company (VEPCO) was issued a
preliminary permit by FERC in 1981 for the rehabilitation of the
Twelfth Street Hydroplant including the Brown's Island Dam. In 1982,

VEPCO obtained a similar permit for the Manchester Hydroplant. If

these facilities eventually become operational, FERC could require

VEPCO to construct, operate, and maintain fish passage facilities at

each site.
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Federal funding for fish passage facilities is available under
the Federal Aid and Sport Fish Restoration Act (1950) and the
Anadromous Fish Conservation Act (1965), Under the former act,
Federal reimbursement is 75% of the cost, while under the latter,
reimbursement is generally 50%Z. These funds may be used for the
construction or renovation of fish passage facilities, and the
operation and maintenance of the facilities. However, such funding
cannot be obtained for projects subject to the FERC mandate; thus

these funds could be sought for only the Williams Island Dam,



82

REFERENCES

Austin, H. M. 1980. Population dynamics of Atlantic coast striped

bass, Morone saxatilis, recommendations for management strategy

and monitoring and research programs. Final Rep. Contr. No.
NA~79=FA-C-00051. Virginia Institute of Marine Science,

Gloucester Point, VA, 26 p.

Berggren, T. J. and J. T. Lieberman., 1978, Relative contribution
of Hudson, Chesapeake, and Roanoke striped bass, Morone
saxatilis, stocks to the Atlantic coast fishery. Fish. Bull.

76:335-345.

Bigelow, H. B. and W. C. Schroeder. 1853, Fishes of the Gulf of

Maine. U, §. Fish Wildl, Serv., Fish. Bull. 74, vol. 53. 577 p.

Bigelow, H. B. and W. W. Welsh. 1925, Fishes of the Gulf of Maine.

Bull. U.S. Bur. Fish. vol. 40, Part 1, 567 p.

Borodin, P. N. 1925. Biological observations on the Atlantic

sturgeon (Acispenser sturio). Trans. Amer. Fish. Soc,

55:184-190,

Boynton, W. R., T. T. Polgar, and H. E. Zion. 1981. Importance of
juvenile striped bass food habits in the Potomac estuary. Trans.

Amer ., Fish., Soc. 110:56-63.

Chadwick, H. K., D. E. Stevens, and L. W, Miller,. 1977. Some factors
regulating the striped bass population in the Sacramento~San

Joaquin Estuary, California. Pages 18-35 In W. Van Winkle {ed.),



83

Proceedings of the conference on assessing the effects of
power~plant~induced mortality on fish populations, Gatlioburg,

Tennessee, May 3-6, 1977. Pergamon Press, New York.

Cole, J. N. 1978, Striper, a story of fish and man. Little, Brown

and Co., Boston. 269 p.

Cooper, J. C. and T. . Polgar. 1%8l. Recognition of year-class
dominance in striped bass management. Trans. Amer. Fish. Soc.

110:180-187,

Corbett, H. R. 1977. Virginia white water. Seneca Press,

Springfield, Va. 289 p.

Dale, W. B. and J. M., O'Conner. 1981. Development and identification

of larval Atlantic sturgeon {Acipenser oxyrhynchus) and shortnose

sturgeon (A, brevirostrum) from the Hudson River estuary, New

York. Copeia 1981:711-717.

pavis, J., J. P. Miller, and W. L, Wilson., 1970, Biology and
utilization of anadromous alosids. Completion Rep. 1967-1970.
Nat. Mar, Fish. Serv. Proj. Ne, VA AFC-1, Virginia Institute of

Marine Science, Gloucester Point, VA.

de Bry, T. 1590. Thomas Hariot's Virginia. Reproduced by Readex
Microprint, 1966. New York, 33 p.
Dees, L. T. 1961. Sturgeoms. U, S. Fish Wildl. Serv. Fish. Leafl.

526. 8 p.



84

Earle, 8. 1924, The Chesapeake Bay country. Thomsen-Ellis Co.,

Baltimore, 519 p.

Edsall, T. A, 1964. Feeding by three species of fishes on the eggs

of spawning alewives, Copeia 1964:266-7.

Goode, G. B. 1887. American fishes, Hstes and Lauriat, Boston,

496 p.

Grant, G. C. 1970, Annual progress report anadromous fish project,
FA-VIRGINIA~AFS—-4-2, May 1, 1967 - June 30, 1970, Virginia

Institute of Marine Science, Gloucester Point, VA, 36 p.

Grant, G. C. 1974. The age composition of striped bass catches in
Virginia rivers, 1967 - 1971, and a description of the fishery.

Fish., Bull, 72:193~199.

Hassler, W, W, 1958. The striped bass in relation to the multiple
use of the Roanoke River, North Carolina. Trans. 23d North Amer.

Wildl. Conf. 378-39].

Heinle, D. R., D, A. Flemer, and J, ¥. Ustach. 1976. Contribution of
tidal marshlands to mid=Atlantic estuarine food chains., Pages
309-320 in M. Wiley {ed.}, Estuarine processes. vol II.
Circulation, sediments, and transfer of material in the estuary.

Academic Press, New York.

~Hildebrand; §iFi 1963 Family Clupeidae-Genus -Alosay Pomolobuss

In Fishes of the Western North Atlantie. Sears Found. for Mar.

Res., Mem. 1(3):293-342,



85

Bildebrand, S. F. and W. C. Schroeder, 1928. Fishes of the

Chesapeake Bay. U. 8. Bur. Fish. Bull. 43:388 p.

Hoagman, W. J. and W. H. Kriete. 1975. Biology and management of
river herring and shad in Virginia. Annu, Rep. 1975. Virginia

Institute of Marine Science. Gloucester Point, VA. 10> p.

Howard, I. C. 1979, Opinions, preferences, satisfactions, and
importance of women anglers in Massachusetts., Fisheries

4(6):32-24.

Huff, J. A. 1975. Life history of the Gulf of Mexico sturgeon,

Acipenser oxyrhynchus desotol, in Suwannee River, Florida, Fla.

Mar, Res., Publ, 16. 32 p.

Jackson, H. W. and R. E, Tiller. 1952. Preliminary observations on

spawning potential in the striped bass, Roccus saxatilis

(Walbaum). Md. Dep. Res. Educ. Ne. 93. 16 p.

Jenkins, R. E. and J. A, Musick, 1980. Freshwater and marine fishes.
Pages 319-373 in D. W. Linzey (ed.), Endangered and threatened
plants and animals of Virginia. Virginia Polytechnic Institute

and State University, Blacksburg.

Jones, P. W, and J. G, Loesch. 1982. Pertinent statistical data for
the management of Maryland and Virginia fisheries. Pages 40-43

A L. E. Cronin (ed.), Chesapeske Research Consortium, Report of
workshop on Chesapeake Bay fisheries statistics, Fredericksburg,

Virginia, July 12-13, 1982,



86

Jones, P. W., F. D. Martin, and J. D. Hardy, Jr. 1978, Development
of fishes of the mid~Atlantic bight, vol, I, Acipenseridae
through Ictaluridae. U, §. Fish Wildl. Serv. FWS/0BS-78/12,

366 p.

Jordan, D. §. and B. W, Evermann, 1937. American food and game
fishes. Doubleday, Doran, and Co., Inc., Garden City, NY.

574 p,

Kernehan, R. J., M. R. Headrick, and R. E. Smith. 1981. Early life
history of striped bass in the Chesapeake and Delaware Canal and

vicinity. Trans. Amer., Fish. Soc. 110:137-150.

——

Kissil, G. W. 1974, Spawning of the anadromous alewife, Alosa

pseudoharengus, in Bride Lake, Connecticut. Trans. Amer. Fish.

Soc, 103:312-317.

Kohlenstein, L., C. 198l. On the proporticn of the Chesapeake Bay
stock of striped bass that migrates into the coastal fishery,

Trans. Amer. Fish. Soc. 110:;168-179,

Koo, T. S. Y. 1970. The striped bass fishery in the Atlantic states,

Chesapeake Sci., 11:73-93.

Kriete, W. and J. Merriner. 1978. Spring resource...American shad.
Sea Grant Marine Advisory Service, Virginia Institute of Marine

... ..8cience, .Gloucester Point, VA..leaflet. ... ...

Kuntz, A. and L. Radcliffe., 1918. ©Notes on the embryology and larval
development of twelve teleostean fishes., Bull. U. $. Bur, Fish,

35:87-134,



87

Leim, A. H. 1924, The life history of the shad, Alosa sapidissima

(Wilson), with special reference to the factors limiting its

abundance. Contr., Canad. Biol., N.S. 2:163-284.

Leim, A. H. and W. B. Scott, 1966, Fishes of the Atlantic coast of

Canada. Fish, Res., Bd. Can. Bull. No. 155. 485 p.

Liquori, V. 1978. Description of social and cultural framework of
domestic fishermen and their communities. Pages 27-34 in H. M.

Austin (ed.), Striped bass {(Morone saxatilis) in Virginian

waters. Virginia Institute of Marine Science, Gloucester Point,

VA.

Loesch, J. G, 1969. A study of the blueback herring, Alosa aestivalis

(Mitehill), in Connecticut waters. Ph,D. Thesis. Univ. of

Connecticut, Storrs, 78 p.

Loesch, J. G. 1981. Weight relation between paired ocaries of blue-

back herrimg. Prog. Fish-Cult, 43:77-79.

Loesch, J. G. and W. H. Kriete, Jr. 1976. Bioclogy and management of
river herring and shad. Completion Rep. Anadromous Fish Proj.
1974~1976. Virginia AFC 8-1 to 8-3. Virginia Institute of

Marine Science, Gloucester Point, VA. 266 p.

Loesch, J. G. and W. H. Kriete, Jr. 1980. Anadromous fisheries
. _research, Virginia. Annu. Rep. Virginia AFC 10-1. Virginia

Institute of Marine Science, Gloucester Point, VA. 96 p.



88

Loesch, J. G. and W. A, Lund, Jr. 1977, A contribution to the life

history of the blueback herring, Alosa aestivalis (Mitchill).

Trans. Amer. Fish. Soc. 106:583-589,

Loesch, J. G., R. J. Huggett, and E. J. Foell, 1982a. Kepone
concentration in juvenile anadromous fishes. Estuaries

5:175-181.

Loesch, J. G., W. H. Kriete, Jr., and E, J. Foell, 1982b, Effects of
light intensity on the catchability of juvenile anadromous Alocsa

species. Trans. Amer, Fish. Soc. 1l:4k=44,

Loesch, J. G., W. H. Kriete, Jr., J. G. Travelstead, E. J. Foell, and
M. A. Hennigar. 1979. Biology and management of mid—Atlantic
anadromous fishes under extended jurisdiction, part IIL:

Virginia. Completion Rep. Anadromous Fish Proj. 1977-1979, Proj.
AFCS~9. Virginia Institute of Marine Science, Gloucester Point,

VA, 204 p.

Mansueti, R. J. 1958a. Eggs, larvae and voung of the striped bass,

Roccus saxatilis. Chesapeake Biol. Lab. Contrib. 112. 35 p,

Mansueti, R, 1958b. The hickory shad unmasked. WNature Magazine

21:351-4,386.

Mansueti, R. J. 196la. Age, growth, and movements of the striped

__bass, Roccus saxatilis, taken in size selective fishing gear in

Maryland, Chesapeake Sci. 2:9-36.



89

Mansueti, R. J. 1961b. Effects of civilization on striped bass and

other estuarine biota in Chesapeake Bay and tributaries. Proc.

Gulf Carib, Fish., Inst., l4th Annu. Session:110-136.

Mansueti, R. J, 1962, Eggs, larvae, and young of the hickory shad,

Alosa mediocris, with comments on its ecology in the estuary.

Chesapeake Science 3:173-205.

Mansueti, A. J. and J. D. Hardy, Jr. 1967. Development of fishes

of the Chesapeake Bay region. Natural Resources Institute, Univ.

Maryland, Baltimore, MD. 202 p.

Mansueti, R. J. and H. Kolb. 1953. A historical review of the shad

fisheries of North America.

97. 293 p.

Md. Dept. Res. and Educ., Pub. No.

Marcy, B. C., Jr., 1976, Early life history studies of American shad

in the lower Connecticut River and the effects of the Connecticut

Yankee plant. Pages 141-168 in D. Merriman and L. M. Thorpe

(eds.), the Connecticut River Ecological Study; the Impact of a

Nuclear Power Plant, Amer,

Marshall, N. 1949. Report from
the Commission of Fisheries
through September 1949. In

Fish., 28-35,

Massmann, W. H. 1953, Relative

Fish. Soc. Monogr. No. 1.

the Virginia Fisheries Laboratory to
of Virginia for the period June 1947

30th and 5lst Annu. Rep. Va. Comm.

abundance of young £ishes in Virginia

estuaries, Trans. 18th N. Amer. Wildl. Conf. 1953:439-49,



80

Magsmann, W. H. and A. L. Pacheco. 1961, Movements of striped bass

tagged in Virginia waters of Chesapeake Bay. Chesapeake Sci.

2:37-64

Massmann, W. H., E. C. Ladd, and H. N. McCutcheon., 1952, A

biological survey of the Rappahannock River, Virginia, Part I.

Spec. Sci. Rep. No. 6, Virginia Fisheries Laboratory, Gloucester

Point, VA. 112 p,

McConnell, K, E. and 1. E. Strand. 1981, Economic benefits

associated with shad restoration on the Susquehanna River., Md.

Dept. Nat. Res., Power Plant Siting Program Publ. UBLS-81-3.
31 p.

McDonald, M. 1884. The hickory shad, or mattowacca, Clupea

mediocris. Pages 607-609, in G. B. Goode, The Fisheries and

Fishery Industries of the United States, Section l. Y. 8§, Comm.

of Fish and Fisheries.

McDonald, M. 1889. The fisheries of Chesapeake Bay and its

tributaries. Pages 637~645 in The Miscellaneous Documents of the

Senate of the United States for the First Session of the

Forty—seventh Congress, 1881-'82, vol. 9.

McKennie, M., 1873. GObstructions in some of the rivers in Virginia.

Page 629 in U. S. Commission of Fish and Fisheries. Report of

Session, Senate, Misc. Doc, No. 74.



91

Medcof, J. C. 1957. Nuptial or prenuptial behavior of the shad,

Alosa sapidissima {Wilson). <Copeia 1957:252~253.

Merriman, D. 1941, Studies on the striped bass (Roccus saxatilis)

of the Atlantic coast. U, 8. Fish Wildl., Serv. ¥ish, Bull.

ég;l—??.

Merriner, J. V. and W. J. Hoagman., 1973. Feasibility of increasing
striped bass populations by stocking of underutilized nursery
grounds, Completion Rep, AFS 6~3. Virginia Institute of Marine

Science, Gloucester Point, VA.

Moffitt, C. M., B. Kynard, and 8. G. Riedout. 1982. Fish passage
facilities and anadromous fish restoration in the Connecticut

River Basin. Fisheries 7(6):2-11,

Morgan, A. R. and A. R. Gerlach. 1950. Striped bass fluctuations on
Coos Bay in 1949 and 1950. Oregon Fish. Comm. Contrib. 14,

31 p.

Morgan, R. P., IL, V. J. Rasin, Jr., and R. L. Copp. 1981.
Temperature and salinity effects on development of striped bass

eggs and larvae. Trans. Amer. Fish. Soc, 110:95-99,

Murawskli, S. A. and A. L. Pacheco. 1977. Biological and fisheries

data on Atlantic sturgeon, Acipemnser oxyrhynchus (Mitchill).

~ Nat, Mar. Fish. Serv. Teach. Ser. Rep. No. 10, Sandy Hook Lab.,

Highlands, R.J. 69 p.



92

National Marine Fisheries Service, 1972, Fishery statistics of the
United States 1969, Nat. Mar., Fish. Serv. Statistical Digest 63,

474 p.

National Marine Fisheries Service, 1980. Fishery statistics of the
United States 1976. Nat. Mar. Fish., Serv. Statistical Digest No.

70, 419 p.

Neves, R, J. 1981l. Offshore distribution of alewife, Alosa

pseudoharengus, and blueback herring, Alosa zestivalis, along the

Atlantie coast. Fish., Bull., 79:473-485,

Neves, R. J. and L. Despres. 1979, The oceanic migration of American

shad, Alosa sapidissima, along the Atlantic coast. Fish. Bull.

77:199~-212.

Pate, P. P., Jr., 1972. Life history aspects of the hickory shad,

Alosa mediocris (Mitchill), in the Neuse River, North Carolina.

M.S. Thesis, North Carolina State Univ., Raleigh, 66 p.

Pearson, J. C. 1938, The life history of the striped bass, or

rockfish, Roccus saxatiis (Walbaum). U, S. Bur. Fish, Bull,

49:825~860,

Pearson, J. C. 1942, The fish and fisheries of colomnial Virginia,
first installment. The William and Mary Quarterly, 22(second

_series):213-220.

Pennsylvania State Commissioners of Fisheries, 1886, Report for

vears 1885 and 1886. 125 pp.



93

Polgar, T. T. 1982. Factors affecting recruitment of Potomac
River striped bass and resulting implications for management.
Pages 427-442 in V. 5. Kennedy (ed.), Estuarine comparisons.

Academic Press, New York.

Potomac River Fisheries Commission., 1983. Regulations for
licensing and taking of finfish, crabs, oysters, and soft shell
clams from the waters of the Potomac River. Potomac River Fish.

Commission, Colonial Beach, VA.

Power, E. A, 1960. Fishery statistics of the United States 1958.
U. 8. Fish and Wildl. Serv., Bur. of Comm. Fish. Statistical

Digest 49. 424 p.

Raney, E. C. 19532. The life history of the striped bass, Roccus
saxatilis (Walbaum). Bull. Bingham Oceanogr. Collect., Yale

Univ. 14:5-97.

Richards, C. and J. Zaborski. 1978. Description of fishing
activities affecting the stocks comprising the management unit.
Pages 20-24 in H. M. Austin (ed.), Striped bass (Morone
saxatilis) in Virginian waters. Virginia Institute of Marine

Science, Gloucester Point, VA.

Rinalde, R. €. 1971. Analysis of Morone saxatilis and Morome

americana spawning and nursery area in the York and Pamunkey

Williamsburg, VA. 56 p.



%4

Rounsefell, G. A, and L. D, Stringer. 1943, Restoration and
management of the New England alewife fisheries with special

reference to Maine, Trans, Amer. Fish. Soc. 73:3%4-424,

Roussow, G. 1957. Some consideratioms coucerning sturgeon spawning

periodicity, J. Fish, Res., Bd. Can. 14:553-572.

Ryder, J. A. 1890, The sturgeon and sturgeon industries of the
eastern coast of the United States, with an account of
experiments bearing upon sturgeon culture. U. S. Fish. Comm.

Bull., (1888) 8:231-238,

Scott, W. B. and E. J. Crossman., 1973, Freshwater fishes of

Canada., Fish. Res, Bd. Can. Bull 184. 966 p.

Setzler, E. M., W. R. Boynton, K, V. Wood, H, H., Zion, L. Lubbers,
N. K. Mountford, P. Frere, L. Tucker, and J. A. Mihursky. 1980.

Synopsis of bioclogical data om striped bass, Morone saxatilis

(Walbaum)., NOAA Tech. Rep. Nat, Mar. Fish. Serv. Circ. 433,

69 p.

Sissenwine, M. P., B. E. Brown, and J. Brennan-Hoskins. 1978. Brief
history and state of the art of fish production models and some
applications to fisheries off the Northeastern United States.
Pages 25-48 in Climate and fisheries, proceedings from a workshop
held March 29-31, 1978. Center for Ocean Manage. Studies, Univ.

Rhode Island, Kingstonm, RI.

Sloterdijk, H. H. 1978. Extension d'aire de la repartition

eographique de l'esturgeon noir, Acipenser oxyrhynchus Mitchill,
g philg g : P Jyray




95

dans le fleure Saint-Laurent au Quebec/{Extension of the

geographic distribution of Acipenser oxyrhynchus Mitchill, in the

Saint Lawrence River, Quebec). Nat. Can. 105:53-54., (in

French, abstract ia English),

$mith, T. I. J., E. K, Dingley, and D. E. Manchetti. 1980. Induced
spawning and culture of Atlantic sturgeon. Prog Fish-Cult.

42(3):147-151,

Smith, W. G. and A, Wells. 1977, Biological and fisheries data on

striped bass, Morone saxatilis (Walbaum). Tech. Ser. Rep. No. &,

Sandy Hook Lab., Nat. Mar. Fish. Serv., Highlands, N. J. 42 p.

Stevenson, C. H, 1897, The restricted inland range of shad to
to artificial obstructions and its effect on natural populationms.

Bull. U. 8. Fish. Comm. 17:265-271,

Talbot, G. B, 1966, Estuarine environmental requirements and
limiting factors for striped bass. Pages 37-45 in A symposium on

estuarine fisheries. Amer, ¥ish. Soc. Spec. Pub, No. 3.

Texas Instruments. 1976. Report on the relative contributiom of
Hudson River striped bass larvae to the Atlantic coastal fishery.

Texas Iunstruments Inc., Ecological Services, Buchanan, NY.

Tresselt, E. F, 1952, Spawning grounds of the striped bass or rock,

__Roccus saxatilis (Walbaum), in Virginia, Bull. Bingham Oceanogr,

Collect., Yale Univ, 14:98-110.



96

Ulrich, G., N. Chipley, J. W. McCord, D. Cupka, J. L. Music, Jr., and
R. K. Mahood. 1979. Development of fishery management plans for
selected anadromous fishes in South Carolina and Georgia. Spec.

Sci. Rep. No. l&, Mar. Resources Center, $.C. Mar. Res. Dept.

135 p.

Van Cleve, R. 1945, A preliminary report on the fishery resources of
California in relation to the Central Valley project. Calif,

Fish Game 31:35-52.

Van Winkle, W., B. L. Kirk, and B, W. Rust. 1979, Periodicities

in Atlantic coast striped bass (Morome saxatilis) commercial

fisheries data. J. Fish. Res. Bd. Can. 36:54-62,

Virginia Commission of Fisheries. 1875, Annual report for 1875.

Richmond, VA. 38 p.

Virginia Commission of Fisheries. 1879. Annual report for 1879

Richmond, VA. 29 p.

Virginia Commission of Fisheries. 1882, Annual report for 1882.

Richmond, VA,

Virginia Commission of Fisheries. 1915, 16th annual repert of the
Commission of Fisheries of Virginia, October 1, 1913 to September

30, 1914, Richmond. 33 p.

Virginia Commission of Fisheries. 1916, 17th annual repstrt 6f the
Commission of Fisheries of Virginia, October 1, 1914 to September

30, 1915, Richmond. 190 »p.



97

Virginia Marine Resources Commission, 1980. Eighty-second annual
report for the fiscal year ending June 30, 1980, Newport News,

VA. 76 p.

Virginia Marine Resources Commission, 1981. Virginia lsndings,

December 1980 (preliminary). Newport News, VA. 3 p.

Virginia Marine Resources Commission. 1982. Regulation XXIX,
pertaining to the taking of striped bass. Newport News, VA.

2 p.

Vladykov. V. D. 1955, A comparison of Atlantic sea sturgeon with a

new sub—species from the Gulf of Mexico (Acipenser oxyrhynchus

desotoi). J. Fish. Res. Bd. Can. 12:754-761.

Vliadykov, V. D. and J. R. Greeley. 1963. Order Acipenseridae,
In Fishes of the Western North Atlantic. Sears Found. Mar.

Res., Mem. 1{(3):24-60,

Vliadykov, V. D, and D. H. Wallace. 1952, Studies of the striped

bass, Roccus saxatilis (Walbaum), with special reference to the

Chesapeake Bay region during 1936-1938, Bull., Bingham Oceanogr.

Collect., Yale Univ. 14:132-177.

Volkman, A. G, 1960. Thoreau on man and nature, Peter Pauper

Press, New York. 6l p.

Walburg, C. H. and P. R. Nichols. "1967. Biclogy and management

of the American shad and status of the fisheries, Atlantic coast



98

of the United States, 1960, U. S. Fish Wildl. Serv. Spec. Sci.

Rep., Fish. No. 550. 105 p.

Wharton, J. 1957. The bounty of the Chesapeake, fishing in colonial
Virginia. Williamsburg, Virginia 350th Anniversary Celebration

Corp. 78 p.

Wilstach, P. 1929, Tidewater Virginia. The Bobbs—-Merrill Co.,

Indianapolis. 326 p.

Woodhull, €. 1947. Spawning habits of the striped bass (Roccus

saxatilis) in California waters, Calif, Fish Game 3:97-102.




O 03 BN

Pt gk gph b gl et et e et
o A3 ;W N S

99
LD6388154

Table 1. ' HOUSE JOINT RESOLUTION NO. 238
Offered January 15, 1981 -
Requesting certain State and federal agencies to determine a nwed for and coordinate
efforts in regard to the placement of fish ladders along the James River.

Patrons—-Axselie and Thomas

Referred to the Committee on Conservation and Natural Resources

WHEREAS, the stocks of anadromous striped bass, American shad, hickory shbad,
alewife, blueback herring, and Atlantic sturgeon have seriously declined in the Chesapeake
Bay and its tributaries; and

WHEREAS, the James River and its tributaries have sustained this Joss of anadromous
fishes; and '

WHEREAS, anadromous fishes are prevented by low profile dams at Richmond,
Virginia, from moving upstream tp their historical spawning and rearing areas; and

WHEREAS, the placement of devices to overcome obstructions to upstream movement
of anadromous fishes to historical spawning and rearing areas is permitied pursuant to §
29-151 of the Virginia Code; and

WHEREAS, a significant problem e.xisls with the stocks of anadromous fish in Virginia
waters; now, therefore. be it

RESOLVED by the House of Delegates, the Senate concurring, That the Commission of
Game and Inland Fisheries is requested, in coordination with the Marine Resources
Commission, the Virginia Institute of Marine Science, and local political subdivisions to
determine such need, from both a technological and an economic point of view, as may
exist for the construction and maintenance of devices to pass fish along the James River

‘and subject to availabllity of adequate federal matching funds, to take such action as may

be feasible and effective in providing access for anadromous fishes to their historical
spawning and rearing sites; and, be it

RESOLVED FURTHER, That the efforts of the Commission of Game and Inland
Fisheries and other State agencies be, to the extent practicable, assisted by the United
States Fish and Wildlife Service and the National Marine Fisheries Service; and, be it

RESOLVED FINALLY, That the Clerk of the House of Delegates forward a8 copy of this
resolution to the United States Fish and Wildlife Service and to the National Marine
Fisheries Service so as to apprise them of the sense of this body.

Ty nmmm
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Table 2. Historical catches of shad and striped bass in the James
River in Nelson County recorded in the diaries of Col.
William Cabell and Col. William Cabell, Jr.

Norwood Island Swift Island

Year 8had Striped Bass Shad Striped Bass

1769 100+

1770 L+

1771 1+

1774 1+

1775 128

1777 i+

1778 1+

1779 2222 24+

1780 73 2

1781 3219+

1784 40

1785 76

1786 2563 3676

1787 151 I 709

1788 18

1789 64 1039

1790 1+

1791 1+

1792 1217 100

1793 70 1

1795 i+
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Table 3, Anadromous fish passage recorded at the Holyoke Dam lift

gince 1955.
American Blueback Atlantic Striped
Year Shad Herring Salmon Bass
1955 4,900 0 ¢ 0
1956 7,700 0 0 0
1957 8,800 16 1 0
1958 5,700 29 1 0
1959 15,000 20 0 g
1960 15,000 796 2 0
1961 23,000 1,200 0 0
1962 21,000 19 0 0
1963 30,000 32 0 0
1964 35,000 13 0 0
1965 34,000 53 0 0
1966 16,000 54 0 0
1967 19,000 356 0 0
1968 25,000 a 0 0
1969 45,000 10,0006 0 0
1970 66,000 1,900 0 0
1971 53,000 302 ) 0
1972 26,000 188 0 0
1973 25,000 302 0 0
1974 53,000 504 0 0
1975 110,000 1,600 1 Q
1976 350,000 &,700 1 0
1977 200,000 33,000 2 0
1978 140,000 38,000 23 0
1979 260,000 40,000 19 03¢
1980 380,000 198,000 118 139¢
1981 380,000 420,000 319 510

a not counted
b estimated
¢ all immature

Source: Moffitt et al,
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Table 4. Summary of American shad adults and cultured fingerlings
released into the Pawcatuck River, RI, and subsequent
returns to the Potter Hill fish ladder, 1976-1982,

Releases

Year Fingerlings Adults Returus

1976 40,000 2,500

1977 75,000 2,000

1978 94,000 2,100

1979 97,000 3,500 5

1980 40,000 4,700 175

1981 2,500 900

1582 1,500 700

Source: John F. 0'Brien, Rhode Island Division of Fish and Wildlife

(personal communication).




103

Table 5. Summary of some anadromous fish projects in Rhode Island,

1968-1975.,
Information
Location Date Cost (as of 1976)

Hamilton ladder 1968 $34,000 Alewife run now exceeding
300,000 established.

Peacedale ladder 1969 52,730 Alewife rum established;
300,000 potential,

Wakefield ladder 1970 38,000 Same as Peacedale,

Bellville ladder 1971 41,000 Same as Hamilton.

Nonquit ladder 1972 26,710  Alewife run of 50,000
established, 200,000
potential.

Potter Hill ladder 1973 45,419  Alewife run of 300,000
established; 1,000,000
potential.

Forge Road ladder 1975 39,000 Alewife run of 40,000

established; 200,000
potential.

Source: John F, O'Brien, Rhode Island Division of Fish and Wildlife
(personal communication).
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Figure 3. Virgnia River Herring Landings
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Figure 5. Fishway and stream improvement projects conducted by the

Maine Department of Marine Resources.

MAJOR RIVER BASINS . ,
A.

1 F o0 S

FISHWAY AND STREAM IMPROVEMENT PROJECTS 1969-77

1. Bridge Street Fishway
Royal River.

2, Winnegance Lake Fishway.

3. Bristol Mills Fishway. . Gardner Lake Fishway
Pemaquid River. East Machias River.

Blackwun Stream Fishway.
. FTlanders Stream Fishway.
West Bav Pond Fishway.

O o~ o

oty Loleman. Pond.-{Dam-Removal)-10:—Boyden-Lake Fishway
Bucktrap River. Little River.

5. Piteher Pond Fishway 1i. Blackman Stream Road
Ducktrap River. Culvert Fishway.

13, Elm Street Fishway.
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1.0 INTRODUCTION

The purpose of this report is to investigate the feasibility
of constructing £ish passage facilities for various species of
anadramous f£ish at five existing low head dams on the James River
in Richmond, Virginia. The approxXimate cost and conceptual layout
of facilities for both upstream and downstream migrants are pre-
sented,

Historically, the James was an important spawning river for
several species of anadramous fish., American and Hickory shad,
Alewives, Blueback herring and Striped bass all may have made
spawning migrations up to and above Lynchburg, virginia. A series
of dams constructed in the Richmond area starting in 1804 has blocked
the migration of these fish to upstream spawning and rearing habi-
tat. Richmond is approximately 100 miles abtove the mouth of the
James River.

Anadrarous fish restoration programs have been underway for
over a decade on other major East Coast rivers such as the
Pencbscot, Androscoggin, St. Croix, Connecticut and Merrimack
in New England and the Susquehanna in Chesapeake Bay. As part of
these programs, modern fish passage facilities have been

constructed or are planned at many existing dams on each river.
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A similar anadromous fish restoration program requiring the
construction of adequate fish passage facilities at existiné dams
is planned for the James River above Richmond. The primary target
species include American and Hickory shad, Alewife, Blueback
herring and American eel. Atlantic sturgeon and Striped bass may
also benefit from this program. All of these species presently

exist in the river below Richmond.,

JAMES RIVER

The James River is formed by the confluence of two tribu
taries, the Jackson and Cowpasture Rivers near Clifton Forge,'
Virginia. It flows in a southeasterly direction and after falling
approximately 990 feet over a distance of 340 miles, it empties into
Chesapeake Bay at Hampton Roads. The James River Basin has a
drainage area of approximately 10,000 square miles, which is
equivalent to 25% of the total area of Virginia. (See Plate 1).

Richmond is located at the fall line, approximately 100 miles
above the mouth of the river. In the Richmond area the river bed
is primarily exposed bedrock and boulders with a fairly steep gra-
dient, here the river gradient drops over 100 feet to tidewater

levels over a distance of eight miles. This reach has many small

islands and varies in width from 500 to 2500 feet.

The U.S. Geological Survey and the Virginia State Water

Control Board maintain stream flow data for the river via a series

approximately 1.7 miles downsteam from the Bosher Dam. This

A2



station which has been in operation since 1934 has a drainage area
of 6,758 square miles and an average discharge of approximately
7,500 cubic feet per second (cfs). Mean monthly discharge values
for this station are shown on Table 1, mean daily discharges for
the 1981 water year which was relatively dry are shown on Table 2.
The minimum recorded daily flow of the James River below the City
of Richmond's Hollywood Hydroplant was 370 cfs on September 13,
1966 and the maximumn discharge was 313,000 cfs which occurred on

June 23, 1972, as a result of floods from Hurricane aAgnes.

3.0 DESCRIPTION OF DAMS AND HYDROPOWER OPERATIONS

The project site is an eight mile reach of the James River in
Richmond. This reach includes five low head dams, the James River
and Kanawha Canal, two operating hydroplants owned by the City, two
abandoned hydroplants formerly operated by the Virginia Electric
and Power Company (VEPCo) which plans to reactivate both, and the
Richmond Water Works. (See Plate 2).

Following is a brief description of the five dams and related

facilities in downstream order, commencing with the Bosher Dam:

3.1 BOSHER DAM

This dam is located approximatley two miles upstream from the
Huguenot Memorial Bridge in Richmond. It is the highest of the
five dams, having a normal head of approximately ten feet and a

spillway length of 904 feet from bank to bank. The dam is a stone

masonry ‘gravity ‘type-spillway-with. a.crest elevation of 133 feet =~

(MSL). It was constructed prior to 1837 by the James River

A3
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and Kanawha Canal Campany to divert water into the navigation canal
and lock system traversing the falls in the river. It was later
purchased by the Cs0 Railroad Canpany {the Chessie Syétem) and a
railroad line was laid in the old tow path of the canal. The City
of Richmond subsequently acquired the water rights to the dam and
canal system and bears the responsibility for the operation and
maintenance of these facilities., Title to the dam and canal
remain vested in the C&0 Railroad.

The dam has been used since 1924 by the City of Richmond to

‘divert up to 1,000 cfs into the James River and Kanawha Canal to

their Byrd Park Hydroplant (FERC #3029) and Hollywood Hydroplant
(FERC #3024), located approximately six and eight miles respec-
tively downstream from the Bosher Dam. Both of these projects were
issued Federal Energy Regulatory Commission (FERC) licenses in
August 1982 for a period of 20 years. The James River and Kanawha
Canal is listed on the National Register of Historic Places.

When the flow in the James River at Bosher Dam drops to
approximately 1,000 cfs, the city has the option of diverting all

or a portion of the flow to either the canal or the river.

WILLIAMS ISLAND DAM

This dam is located approximately three miles downstream fram the
Bosher Dam. The dam is owned by the City of Richmond and consists

of two segmehts connecting to Williams Island., The northern

segment was constructed in 1905 and is approximately 500 feet long

x 7 feet high. The southern segment was constructed in 1932 and is

A4



3.3

approximately 700 feet long x 4 feet high. The dam is used to
divert from 33 to 62 cfs into the Richmond Water Works via a gated
intake canal for treatment and ultimate distribution throughout the
city. The intake canal is approximately 2000 feet long and is
located adjacent to the north bank of the river,

HOLLYWOOD/RELLE ISLE DAM

The first dam was constructed at this site around 1830 to supply
water for the city. Scmetime prior to 1909 the present concrete
dam was constructed to provide water to the Hollywood hydroplant.
This dam consits of two segments connecting to Belle Isle and
varies in height frqm 4 to 16 feet, The northern segment is
approximately 2,400 feet in length and has a crest elevation of
55.0 feet (MSL). The segment south of Belle Isle is approximately
1,450 feet long and has a crest elevation approximately 2.5 feet
higher than the northern segment. The southern segment of the dam
was formerly used to divert water to a hydroplant on Belle Isle
which has been abandoned for same time. The northern seqgment con-
tains two breaches each approximately 40~60 feet in width, these
breaches have existed for a few years.

Presently, approximately 1,600 cfs is diverted fram the river
at the dam to the city owned Hollywood Hydroplant via a gated
intake canal (600 feet long x 50 feet wide) located adjacent to the
north bank of the river.



3.4 BROWN'S ISLAND DaM

This abandoned dam is located immediately upstream from the
Manchester Dam and approximately 3,000 feet downstream from the
Hollywood Hydroplant., It was constructed in 1901 and is approxima-
tely 1,700 feet long and formerly had a crest height approximately
nine feet above the riverbed. The dam formerly had a total of
thirty gated openings and thirteen fixed crest openings spanning
concrete piers. The gated openings previously had timber taintor
gates, each approximately 36 feet long x 5 feet high.

The dam was used to divert up to 5,500 ¢fs to the now aban~
doned Twelfth Street Hydroplant and adjacent steam electric plant
owned by VEFCo, The flow was diverted to these generating facili-
ties via a gated intake canal 2,240 feet long x 12 feet deep x 48
feet average width. VEPCo ceased power generation at both stations
in 1968.

Flood flows in the James River primarily from Hurricanes
Camille in August, 1969 and Agnes in June, 1972, destroyed the
timber taintor gates at the dam. The concrete piers and fixed
crest portion of dam were not damaged. The dam, intake canal and
generating stations are presently not used. 1In 1974 the City of
Richmond obtained ownership to both this dam and the Manchester Dam
immediately downstream,

In March, 1981 VERCo was issued a preliminary permit by FERC
{#3504) for the rehabilitation of the Twelfth Street Hydroplant

including the Brown's Island Dam, intake canal and other appertenan-
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also investigate reducing the number of gated openings in the reha-
bilitated dam and replace these with fixed crest overflow sections.
It is anticipated that VERCo will f£ile a license application for

this project in the near future. The turbine flow capacity of the

redeveloped Twelfth Street Hydroplant will be approximately 6,300

cfs.

MANCHESTER DAM

This dam is the lowermost dam on the James River and is imme~
diately downstream from the Brown's Island Dam.

A wing dam was constructed at this site prior to 1804, to
supply water for milling operations. The dam was later extended
across the entire river, A hydroelectric station was constructed
in about 1886 on the Manchester canal on the south side of the dam.
This generating facility was upgraded in 1924 and then retired by
VEECo in 1965.

The present dam is a stone masonry structure approximately
2,300 feet long with a maximum height of six feet and runs diago-
nally across the river from the Manchester Canal on the south bank
to the Brown's Island Dam on the north bank. The dam was deeded to
its present owner the City of Richmond in 1974 together with the
Brown's Island Dam. VEPCO retained ownership of the Manchester
Hydroplant and the the 5,000 foot long intake canal.

In late 1982, VEPCo was issued a preliminary permit by FERC

(#6480) for the rehabilitation of the Manchester Hydroplant. This

~project.would be.developed. in conjunction with the Twelfth Street

Project. The rehabiliated Manchester plant would have a single
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turbine having a normal discharge capacity of 1,500 cfs and
generate 1,300 KW. No modifications are proposed to the existing

dam

PRIOR FISHWAYS AT JRMES RIVER DAMS

Norr-functional pool type fishways were constructed at the
three lower dams on the James River, namely the Manchester Dam,
Brown's Island Dam and on the southern segment of the Hollywood/Belle
Isle Dam. The fistways were constructed in the middle portion of
each spillway., Apparently no fishways were constructed at the
williams Island or Bosher Dams. The fishways at the three lower
dams were probably constructed in the early 1900's and are typical
of the deficient fishway designs of that era. Similar fishways
were constructed prior to 1950 at many dams on eéstern coastal
rivers, especially in New England. Very few of these early fish-
ways were successful in passing anadromous fish, especially
American shad, Many of these useless fishways have since been
replaced by successful modern day fish passage facilities similar to
those being proposed in this report for the James River dams.

The fishway at the Brown's Island Dam no longer exists and the
other two fishways have been severely damaged by the past flocds
and age. They probably passed very few anadromous fish when
they were operable due to the following design and location

deficiencies:

1. Probably the worst location for a fishway is in the middle

- of éHMKAAEEESEQBiéuépiiiwéQJW Fishways in this location are

subjected to the undesirable turbulent flow of spillway

AB



discharges and clogging fram the water borne debris, which can—

not be removed due to inaccessability of the fishway.

2. Pish passage facilities should always be readily
accessible for inspection, debris removal and maintenance -—-
the best location is at the shore end of a spillway and/or
power house.

3. The fishway entrance is located too far downstream from

spillway.

4. A welr type fishway with fixed crest weirs is a poor
design at spillways with fluctuating headpond levels. High
pond levels cause high velocity and excessive turbulence in

the fishway pools

5. Insufficient attraction flow provided at the fishway

entrance to compete with spillway flow.

6. The fishway entrance becames submerged at high river flows

making it difficult for fish to locate.

5.0 PRESENT FISH PASSAGE CONDITIONS AT DAMS

Since the removal of the gated sections of the Brown's Island Dam
in 1969-72, some anadrancus f£ish may have ascended the river to the
Bosher Dam. Under high river flow conditions, same fish may be passing
over sutmerged portions or small breaks in the four lower dams. We
estlmate thlS 11m1ted passage would probably have to occur at river
flows greater than 10 000 cfs, since at flcmmsm less ‘than this both the
Manchester Dam and the south segment of the Williams Island Dam appear

to be barriers to upstream fish migration. Presently, only two of the
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6.0

five dams are partially negotiable by anadromous fish at prac-
tically all river flows, They are the Brown's Island Dam and the
breached portions of the Belle Isle Dam.

The very limited upstream passage of anadramous fish discussed
in this section has not been documented, nor is‘ it sufficient to
sustain any significant spawning or juvenile production above the
Manchester Dam. Certainly, had additional breaches been provided

at the Manchester Dam, Brown Island Dam and south segment of the
Williams Island Dam, many more fish would have ascended upstream to the
Bosher Dam and under a greater range of flow conditions. However,
since the major spawning and rearing habitat for shad and river
herring is above the Bosher Dam, the key is to provide passage over

the Bosher Dam — this requires the construction of new fish

passage facilities.

INSTREAM FLOWS

Adequate instream flows must be maintained in the river chan-
nel during the migration period to insure suitable passage con~
ditions for anadramous fish., This matter will become critical
during relatively dry years like 1981, especially if VEPCo reac-
tivates the Manchester and Twelfth Street hydroplants which have
the capacity of diverting up to 7,800 cfs from the river. Some
channel modifications may be required to concentrate low river
flows. In addition, hydropower generation may have to be curtailed

at these two plants during critical pericds. Further studies will

__be required to ascertain approprlate minimum mstream flow values.

However, we anticipate a flow no less than 2,000 cfs may be reqmred
in the river channel for fish passage purposes.
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7.0 TARGET SPECIES DESIGN POPULATICON

The estimated design populations of target species to be passed
above the Bosher Dam are designated below, Estimated periods of

migration are shown on Table 3.

Estimated Design Population

American shad 600,000
Hickory shad 200,000
Blueback herring & Alewife 3,000,000
American eel (elvers) -
Striped bass -

Atlantic Sturgeon -

8.0 PROPOSED FISH PASSAGE FACILITIES

To provide passage for the designated target species past the
five dams and associated intake canals and hydropower projects,
both upstream and downstream passage facilities are proposed.

The upstream passage facilities include fishways or fish locks at
four of the five dams and possibly at the rehabiliated Twelfth
Street hydroplant if VEPCo reactivates this facility. Same
trapping and trucking of fish will alsc be undertaken during the
early stages of the restoration program.

Downstream passage facilities will be required to provide safe
downstream passage for post-spawned adult and juvenile anadramous

fish past hydropower and water supply intakes in the project area.

__These facilities would consist of physical screening devices and

bypass conduits to guide and pass downstream migrants around these

potential sources of injury and mortality.
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8.1

The location and preliminary design features of proposed fish
passage facilities are shown on Plates 3-5 and Table 4. The
type, size and location of those facilities ultimately selected for
final design and construction will be determined by subsequent
engineering and bioclogical studies to be undertaken by the licen-

sees in cooperation with the State and Federal fishery agencies.

UPSTREAM PASSAGE FACILITIES

A pool type fishway with vertical slot baffles (vertical slot
fistway) would provide suitahle upstream passage at the designated
dams for resident fish and all but two of the target species listed
in section 7.0. The author could not locate any documentation indicating
the successful passage of spawning size adult Striped bass or Atlantic
sturgeon through any conventional pool or chute type fishway., Scme
passage of immature Striped bass has been documented at some projects,
however these f£ish were all generally under twenty inches in length.

In a vertical slot fishway, upstream migrants would swim of
their own volition upstream through a series of pools separated by
concrete baffles. Each baffle has a vertical slot opening (12-20
inches wide} extending the full height of the baffle through which
upstream migrants would pass. The drop per fishway pool ranges
from 6-12 inches. This type fishway is self-regulating under
variable river flow conditions and does not require operating personnel
other than for routine maintenance or for fish countihg/trapping

activities,

I1f it is necessary to pass spawning size Striped bass and

Atlantic sturgeon above the Bosher Dam, the Tost effective fish passage -

facility for these two species would be a fish lock or fish elevator.
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A fish lock would operate in a manner similar to a navigation lock.
Fish would be attracted into the lock by flows discharging from its
entrance at the base of the dam. After a pericd of time
(approximately 10-30 minutes), the water in the lock would be
raised to the pond level above the dam and the fish collected over
that period would be crowded out of the lock by a crowding device,
into the river above the dam, to continue their migration upstream.
A fish lock would also pass the other target species plus resident
fish.

A fish lock system is an electro-mechanical device which
although it can be automated, typically requires operating per-
sonnel to be present during operating pericds. The construction cost
as well as operating and maintenance costs for fish locks would be
higher than those for vertical slot fishways.

Spillway crest gates will be regquired adijacent to the proposed
fistways or £ish locks to create suitable flow patterns and to pro-
vide attraction water for upstream fish passage under the variable
river flow conditions anticipated. These crest gates can also be
utilized to provide downstream fish passage during low flow periods
at unregulated spillways.

Same limited trapping and trucking of certain fish species to
areas above the Bosher Dam may be undertaken to expedite the
restoration program on the James River. Similar trapping and
trucking operations (primarily American shad) have been undertaken
on other east coast rivers. 1Initially fish could be trapped from
"wthe flsh passage fac111ty proposed at the Brown's Island/Manchester
Dams and/or suitable 51tes on the river below these dams The h

progeny fram these trucked fish would be imprinted to sites above
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the Bosher Dam and would as returning adults, have a strong desire
to home to these upstream sites to spawn. We do not reccmmend that
trapping and trucking of anadromous fish be considered as a long
term solution to fish passage on the James River. The limited time
available for migration, logistics and the anticipated mortality of
trucking large numbers of fish preclude trapping and trucking as a
viahle fish passage alternative,

Following is a brief description of the upstream passage faci-
lities proposed at each dam:

1. MANCHESTER D2M

Scheme A - If hydropower is not redeveloped at the Manchester
Hydroplant, two breaches in the existing dam are proposed.
Each breach should be at least 100 feet wide and be located

near each end of the spillway.

Scheme B - If hydropower is redeveloped at the existing
Manchester Hydroplant as proposed by VEPCo, a relocation of

the north or upstream end of the Manchester Dam is proposed.

The new terminus of the dam would be located at one of the
existing concrete piers of the Brown's Island Dam, approximately
three spillway bays south from the C and O Iiailroad Bridge. The
existing Manchester Dam downstream from these three bays of

the Brown's Island Dam would be removed (See Plate 4),

2. BROWN'S ISLAND DAM

Scheme A ~ If hydropower is not redeveloped at the Twelfth

~.Street Hydroplant, two breaches are proposed between the

existing concrete piers at each end of the dam. Each breach
should be at least 100 feet wide and would consist of removing
Al4



the concrete sills between the existing piers, The piers

would not be removed.

Scheme B ~ If hydrcpoweﬁ is redeveloped at the Twelfth Street
Bydroplant as proposed by VERCo, the proposed fish passage
facilities would include a £ish lock or fishway constructed at
the north side of the Brown Island Dam. This facility would
be located in the spillway bay on the south side of the
railroad bridge (See Plate 4).

Under this scheme a minimum spillway discharge of at
least 2,000 cfs, or the £low designated by the Fishery
Agencies would be released from the dam during the upstream
migration period. This flow would be discharged from gated

spillway bays adjacent to the fish passage facility.

Scheme C -~ An alternate to Scheme B is to construct the f£ish
passage facility at the Brown'’s Island Dam as proposed in
Scheme B plus a second fish lock or fish elevator at the Twelfth
Street Hydroplant. The passage facility at the powerhouse
would operate primarily during periods of lower river flows and
would pass fish upstream via the intake canal. Under this
scheme, less flow could be discharged fram the dam duriﬁg non
spill periods., However, major problems associated with this
scheme include the high flow velocity anticipated in the

intake canal (approximately 10,5 fps at 6,000 cfs), possible
_modifications required at canal head gates to eliminate sub-
merged gate openings and high construction ;;;;;; -
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8.2

3. HOLLYWCOD/BELLE ISLE DAM

A. Construct a breach approximately 50 feet wide at the apex
(most upstream portion) of the dam on the north side of Belle
Isle. Two breaches presently exist in this segment of the
dam, one of these existing breaches can be repaired, if

NnecCessary.

B. Construct a fishway or fish lock on the shore side of the
dam segment located south of Belle Isle (near the existing
fistway). This passage facility would operate primarily

during pericds of spill fram this higher segment of the dam.

4. WILLIAMS ISIAND DAM

Construct a fishway or fish lock at the shore side of each of
the two dam segments on either side of Williams Island. Two

passage facilities are proposed.
5. BOSHER DaM

Initially construct a fishway or fish lock at the north side
of the dam. As the restoration program succeeds and the fish runs
build to a pre~designated population, a second passage facility
would be constructed on the opposite side of the dam, at a future

date.

DOWNSTREAM PASSAGE FACILITIES

Downstream passage facilities are proposed to provide safe

mméég;;éémm“mméé;;éémfégmbéé£wé§awned it anémgagéaiiéméﬁééfsaaagmmmmwmnWMMMM.Mmm

fish past hydropower and water supply intakes. These facilities
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would include fish screening devices, fish bypass conduits or
sluiceways, trash booms and possibly same immersed pipe electrodes
to create an electric field to repel fish. These facilities would
operate only during the downstream migration period. Portable side
scan sonar units can be utilized to détermine the presence of
downstream migrants at hydropower intakes.

Fish screening devices would consist of metal screen panels,
vertical bar racks or louvers having a maximum clear spacing bet~
ween vertical members of 1&-2 inches. Mesh screens (1" x 1" mesh)
may also be required at certain locations especially during the fall
migration of juvenile clupeids. Most of these screening devices
woild be angled (20 degrees - 40 degrees) with the current and
would guide downstream migrants to a fish by-pass structure and
discharge conduit located at the downstream end of the angled
screening facility. Fish collected in the by-pass conduit would be
sluiced to the tailrace level to continue their downstream migra-
tion. The operating flows for the by-pass structures would be
approximately 20~30 cfs.

Electric barriers consisting of cable suspended pipe electro-
des immersed in the water column may also be utilized in certain
areas to repel fish fram intakes by inducing a mild electric shock.
However, these devices present safety hazards which may limit their
use.

Following is a list Qf tentative locations where downstream

passage facilities are recommended (See Plate 3). Further eva-

_luation will be required to determine the best location.and type of - -

screening device.
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1. JAMES RIVER AND KANAWHA CANAL

Flows ranging up to 1,000 cfs are diverted from the James
River immediately above the Bosher Dam, into the James River
and Kanawha Canal, primarily for hydrcpower generation at the
Byrd Park and Hollywood hydroplants. To prevent downstream
migrants fram entering the canal a fish screening faciliﬁy is
proposed at the upstream end of the canal, located approxima—
tely 1,200 feet upstream from the Bosher Dam,

An alternate location for an angled screening facility in
the canal, is in the vicinity of Williams Island where the
canal is in close proximity to the river. A fish by-pass
structure and conduit would also be required at this latter
site to bypass fish back into the river.

2. RICEMOND WATER WORKS INTAKE CANAL

Flows ranging up to 90 cfs are diverted fram the James
River at the Williams Island Dam into a gated intake canal for
purification and distribution by the Richmond Water Works,.
located downstream of the dam, Although this is not a major
flow diversion, a fish screening device or pipe electrcdes are
recamended at the canal intake to prevent downstream migrants
fram entering the canal and water supply sedimentation ponds.

3. HOLLYWOOD HYDROPLANT INTAKE CANAL

Flows ranging up to 1,600 cfs are diverted fram the
James River at the Hollywood Plant, via a gated intake canal.
an angled fish screening and by-pass facility is proposed in
the intake canal upstream from or at the Hollywood Hydroplant.
Downstream migrants would be bypassed into the river below the

dam.
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4. TWELFTH STREET HYDROPLANT INTAKE CANAL

1f VERCo redevelops hydropower at the Twelfth Street
Plant as presently proposed, flows ranging up to 6,300 cfs
will be diverted from the James River into a gated canal at
the Brown's Island Dam for this purpose. The Twelfth Street
Hydroplant is located at the downstream end of the canal on
the north side of the river. 2an angled fish screening and by-
pass device is proposed in the intake canal upstream fram or
at the Twelfth Street Plant. The spare turbine bays at the
powerhouse can possibly be modified and utilized for
downstream f£ish passage.

If hydropower is not redeveloped at this site, no
downstream passage facilities are contemplated,

5. MANCHESTER HYDROPLANT INTAKE CANAL

If VEFCo redevelops hydropower at the Manchester Plant as
proposed, flows ranging up to 1,500 cfs will be diverted from
the James River into a gated canal located on the south side
of the Manchester Dam for this purpose. An angled fish
screening and by-pass device is proposed in the intake canal
upstream from or at the Manchester powerhouse.

If hydropower is not developed at this site, no

downstream passage facilities are contemplated.

9.0 CONSTRUCTION COST DATA

The estimated costs of constructing both upstream and

water diversions are provided below. Please note that these are
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preliminary estimates and include construction and engineering
costs v. The estimates are based on 1983 price levels. More.
reliable cost estimates should be made when the preliminary design

of the various facilities is undertaken.

UPSTREAM PASSAGE FACILITIES COST ESTIMATE

Estimated 1983
Construction Cost

Manchester Dam

Scheme A —~ Breach portion of dam $ 40,000
Scheme B -~ Breach plus new terminus 160,000

Brown's Island Dam

Scheme A - Breach portion of dam 60,000
Scheme B - Fishway at north bank 980,000
Fishlock " 7 " 1,020,000

Scheme C -~ Scheme B fishway plus fish lock at
Twelfth Street Hydroplant $ 2,280,000
Scheme B fishlock plus fish lock at

Twelfth Street Hydroplant 2,320,000

Hollywood/Belle Isle Dam

Breach at north segment of dam 60,000
Fishway at south segment of dam 550,000
Fishlock at south segment of dam 755,000

Williams Island Dam

Fishway at north segment of dam 510,000
Fishlock at north segment of dam 725,000
oy a£ ;O§£hkééé¥éh£_;é“é;gW”,,A,k.__m“_ﬁuuu.M,éééléca“mm___,wmw
Fishlock at south segment of dam 615,000
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9.2

9.3

Bosher Dam

Fishway at north bank 595,000
Fishlock at north bank ' 880,000
Fishway at south bank ‘ 595,000
Fish lock at south bank 880,000
DOWNSTREAM PASSACGE FACTLITIES COST ESTIMATE
Estimated 1983

Construction Cost
James River and Kanawha Canal $ 110,000
fish screening and bypass facility
Richmond Water Works Intake Canal 50,000
fish screening facility
Hollywood Hydroplant and Intake Canal $ 175,000
fish screening and bypass facility
Twelfth Street Hydroplant and Intake Canal 200,000 to 650,000
fish screening and bypass facility
Manchester Hydroplant and Intake Canal 165,000
fish screening and bypass facility

The total construction cost (1983) of providing both upstream

and downstream £ish passage at the five dams and intake canals is

summarized below:

A. BEstimated total construction cost assuming hydropower is
not re-developed at both the Manchester and Twelfth Street
Hydroplants, Both the Manchester and Brown Island Dams would

be breached and a single fish passage facility would be pro-

vided at the Bosher Dam.

$ 2.5 million with fishways
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B. Bstimated total construction cost assuming hydropower is
re-developed at both the Manchester and Twelfth Street
Hydroplants and fish passage facilities are provided at all
dams including two passaée facilities at each end ofthe Bosher

Bam, .
$ 4.9 million with fishways

$ 6,2 million with fishlocks

C. Same conditions as item B above plus the construction of
separate upstream passage facilities at the Twelfth Street
Hydroplants,

$ 6.2 million with fishways

$ 7.5 million with fishlocks




TABLE 1

ESTIMATED MEAN MONTHLY FLOW OF JAMES RIVER AT RICHMOND, VIRGINIA
{Does not include flow in James River and Kanawha Canal)

{cubic feet per second)

(1934-1981)
MONTH MINDMOM MEDIEN MAXTMLM
January 840 8,200 22,500
PFebruary 3,240 10,270 20,750
March 5,690 11,510 25,900
April 2,770 10,050 22,760
May 2,430 6,130 16,990
June 900 3,660 30,910
July 80 2,270 11,300
August 150 1,820 21,710
September 130 1,350 16,730
October 180 1,680 18,670
November 540 3,180 19,710
December 450 4,610 20,160




TABLE 2
JAMES RIVER BASIN
B2037500 JAMES RIVER NEAR RICHMOND, VA

LOCATION. ~-Lat 37°33'47", long 77°32'50", Hentrico County, Hydrelogic Unit 02080205, on left bank 0.1 mf {(C.2 m)
upstreanm from Huguenot Memorial Bridge, 0.5 mi (0,8 kn) west of city limits of Richmond, 1,7 mi (2.7 kn) down-
stream from Bosher Dam, 3.3 mi (%,3 k@) upstream from Powhite Creek, and at mile 116.60 (387.6% Im).

DRAINAGE AREA.--6,758 mi® {17,503 km?).

PERIOD OF RECORD.--October 1934 to current year. Gage-height records collected in vicinity of Mayo's Bridge, at
mile 109.5 (176.2 km), 1876-1956, and at mile 108.7 (174.% km) since 1957, are contained in reports of the
National Weether Servics. B

REVISED' RECORDS.««WSP 977: 1936(M). WSP 1433: 195L{M). WSP 2104: Drzinsge area.

GAGE.--Water-szage recorder. Control is Williams Isiand dams which divert flow for city of Richnond water supply.
Detum of gage is.98.82 fr (30.120 m) National Geodetic Vertical Datum of 1929,

REMARKS, --Records good. City of Richmond tekes from 40 ftl/s (1.135 ml/s) to 90 £t%/s (2.5% n'/s) for water supply
from river below gage sxcept during periods of low flow when supply is obtained from Jamex River snd Kanawha
Canal. Flow regulsated by gowerpisnts above station, Above 18.2 £t (5.55 m) stage there is interchange of flow
with James River and Xanawhs Canal. Records of daily discharge include diversion by city of Richmond but do
not include flow in James River and Xanawha Canazl (station 02037000) which diverts around station. XMNational
Wedther Service telemeter at station. Several observations of water temperature were made during the year.
Water-quality records for some prior periods have been collected at this location.

COCPERATION. --Records computed and furnished by the Virginia State Water Control Board.

AVERAGE giSCHARGB.--&? years, 7,511 £t¥/s (212.7 m¥/s), 15.09 in/yr (381 me/yr), includes flow in James River and
Kanawha Canal,

EXTREMES FOR PERIOD QF RECORD.--Maximum discharge, 313,000 ft¥/s (8,860 »*/s), includes canal flow, June 23, 1977,
gage height, 28.62 ft (8.723 m), minimum daily, about 15 fi3/s (0,28 m'/s) Sept. B8-15, 1966, Sept. 30, QOct. &5, 6,
1868, Oct. B-1G, 1976; minimum daily discharge of James River and James River and Kanawhs Canal combined, 370
ftd3/s {10.5 m¥/s) Sept. 13, 1966.

EXTREMES QUTSIDE PERIOD OF RECORD.--Probable minimum daily discharge, since 1899, of James River and James River
and Kanawha Canal combined, about 330 frd/s (9.¢ m’fs; in October 1930,

EXTREMES FOR CURRENT YEAR.--Maximum discharge. 25,700 £t¥/s (728 m%/s) May 30, gage height, 9.85 ft (3.002 m), no
peak above base of 50,000 £t%/s (1,400 mi/s); minimum, 182 £t%/s (5.15 n¥/s) Sepr. 30, gage height, 3.13 ft

{0.954 m).
DISCHARGE . 1M CURIC FEET PER SECOND. WATFO YFAR OCTORFS 1940 1A SERTFMHER 10R)
MEAN VALUFS
nay ocy NNV DEC JaN FER TY:) ARR iy SN Juk UG sEp
H 1290 1826 2480 1279 toio TS0 2500 Inan 17500 L9160 1190 “99
2 L1290 1540 2260 1340 1140 4370 3500 2770 9430 61% LTY:] «96
3 1700 1/RD P45 1] 409 4Ny asoo 2Ta0 ATARO &6% 565 L2353
& 1869 1630 2820 1320 1598 ATLg 3370 2740 12500 2330 Tho R6S
5 1560 15%¢6 #l40 Yi6n 2120 387G 3370 PE00 15804 4568 540 £90
b 1660 LY t3z29 1210 tR69 L7H0 %150 2570 15000 6290 whs 1520
k4 1400 ILLD] 140¢ 955 7330 &4 5020 2700 11609 HBAD “99 2850
A 138n 1800 1770 955 2000 34t 4620 2ho 90048 6960 1260 6450
9 13an ihe0 19480 1180 1910 S0 240 z2i90 T4A0 5060 AL990 5300
16 1320 1680 1660 8h% 1910 3500 4000 1800 TG 31990 4550 3990
11 1400 1610 13ac 135 an2¢ 3500 37480 1770 €890 3600 1130 3080
12 1380 1560 1%2¢ TS 1760 airoe 3620 3370 SE50 3600 725¢ 2090
13 1270 11RO 1660 715 mro 13np 3560 3500 4720 3730 510 1860
14 1220 Bes 1840 Ban LR LY zote 3370 3000 PRl 27710 3080 1360
15 11tn Fasn 1400 IBLE LEO L] 2940 4000 PS0n 1960 2a0n 2680 1160
14 11k0 1110 1450 1340 5290 2870 4120 2140 aTan 22590 1692 f12¢
17 - 1168 955 1369 1430 4129 2550 3870 19R0 3060 1790 1140 946l
18 1270 1000 1380 E320 3870 2abn asno 2070 3940 1620 845 1360
19 1369 1720 1360 kD 3500 2430 3340 P20 27%0 1Y 715 1620
20 IRy 1960 1160 1020 370 2agn kETY: 5290 7250 1360 &40 1u6y
21 1500 1R00 1250 129n B6G0 23140 3370 P90 1a9g 1220 490 1190
22 1329 13:L0) 11ie HORT 9176 2240 3140 41370 LR&D 7%0 350 990
23 1320 193¢0 1800 13An Tupt 2190 40090 7730 14PN R&S %0 165
Ph 1380 1960 1360 1380 T400 2149 4120 TR LY 965 290 790
4] 1750 2310 L2zo 14006 A309 2160 «000 LIS 1860 790 24i ET)
25 1890 2380 Piad %30 5290 2240 LX) 4500 l1eal 040 2le LT
27 1945 2Aazo 995 1498 S430 2210 R LT 3IATH 109g 1920 2593 By
PR Plan PuB0 ARA taPn EE-LTi) 2120 3370 IBno RYQ 1840 290 90
29 1860 2550 r2zo VA2 - 2650 3340 300 LT 1440 365 Phdk
EL] 1700 2770 1450 170 - 26706 2T 13400 ThE 1iko 499 197
n 1910 - 12R0 }3mn - 2190 - 26300 ——— 1220 L] -
TOTAL 4h2hn 524490 %792) 18N8 10 119660 G264 0 AT T4 L 33ARR 166a9% 75730 “2060 45028
ME A 1492 17%4 15644 12%4 4274 2948 317%) #3119 5537 2643 1356 1501
MAX 21u0 ZRP0 2azsn HE 4170 4180 5150 20360 1G800 6940 BOSO 6450
MIN Piin HET AEH 118 1070 o 2500 ETT0 TRS &80 21z 187
(=) b0 318 622 423 394 4458 503 580 818 7%8 &ag 683
MEANE LAh93 2065 1968 1677 467G 3436 4254 4919 6355 3201 2008 2182
_LR3ME 22 2B 28 w25 .89 €L .83 74 294 .30 .32
Thie e e Ld L 35 tu e s Tige— e T

CAL YR 1980 TOTAL ?512R%3 ME & TGN MAX 55800 MIN 865 MEAN® 7092 CFSM% 1,05 IN¢ 14.2%
MTR YR 1981 YOTAL 373130 MEAN  POHA “AX 20700 MIN 197 MEAN® 3172 (FSM+ a7  IN®  6.38

* Diversion, in cuiiv Tevr per seennd, hv James River and Xanawhs Capal.
4 Adjusted for diversion,
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TABLE 3
ESTIMATED PERIODS OF PISH MIGRATION

JAMES RIVER DAMS, RICHMOND, VIRGINIA

Species Migration Pericd
Adults Upstream March - May
American shad Adults Downstream April - May
Juveniles June - September
Adults Upstream March - May
Hickory shad Adults Downstream April - May |

Juveniles Downstream

June - September

Blueback herring

Adults Upstream

April - May

Adults Downstream

May = June

Juveniles Downstream

June - October

Adults Upstream March -~ April
Alewife Adults Downstream April - May

Juveniles Downstream June - September

Adults Upstream March - May
Striped bass Adults Downstream April - June

Juveniles Downstream

October - January

Atlantic sturgeon

2dults Upstream

April - May

Adults Downstream

May - July

Juveniles Downstream

September ~ October
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TABLE 4

PROPOSED UPSTREAM PASSAGE FACILITIES DESIGN DATA

Proposed Upstream Number
Dam Passage Facility Req'd | Location Size
Bosher Vertical Slot fishway 2 At each end 10"Wx12'L Pools

of spillway

Fish Lock 2 10"WxB0'L

williams Vertical Slot Fishway 2 At shore end of [10'Wx12'L Pools
Island each spillway

Fish Lock 2 10'Wx80'L
Hollywood/ Breach 1 At apex of north
Belle Isle . spillway 50' Wide

: A
Vertical Slot Fishway 1 | At south end of | 10'Wxl2'L Pools
: south spillway

Fish Lock 1 10'Wx80'L

Brown Island! Vertical Slot Fishway 1 At north end of |16'Wxl2'L, Pools
spillway
Fish Lock 1 1 16'Wx80'L
|
Fish Elevator or Lock 1 At Twelfth Street! 10'Wx180'L
Hydroplant
Manchester Breaches proposed Scheme A | At both ends of | 100'W
‘ dam
" " Scheme B| At north end of | L00'W
dam




TABLE 5

HYDROPLANT DESICGN DATA

Byrd Park Hydroplant

Owner

Number of units

Rated head

Turbine flow (2 units)
Turbine speed

Turbine type

Generating capacity (2 units)
FERC License

Expiration Date

Hollymzxﬂiﬁtkcplant

Ovmer
Number of units
Rated head - Units #1-4
#5
#6
Turbine flow (6 units)
Turbine speed Units #1-4
#5
#6
Turbine type Units $1-4
Units #5&6
Generating capacity (6 units)

(Future Unit)
Generating capacity (1 unit)
Rated head
Turbine flow
FERC License
Expiration date

- 12th Street Hydroplant

Owner

Number of units

Rated head

Turbine £low {all units)
Turbine speed

Turbine type

Generating capacity
FERC License

Manchester Dam

Owner

“Nipber oF WRiEs

Rated head

Turbine flow
Turbine speed
Turbine type
Generating capacity
FERC License

A2

City of Richmond
2
20 feet
966 cfs
200 rpm
Vertical Prancis
1,125 KW
#3029
2002

City of Richmond
6
19 feet
17 feet
45 feet
1,680 cfs
150 rpm
200 rpm
720 rpm
Horizontal Francis
Vertical Francis
2,025 KW

3,100 BW
45 feet
1,000 cfs
#3024
2002

Virginia Electric and Power Co.

24 feet
6,300 cfs

—

#3504 (Pending)

Virginia Electric and Power Co.

1
20 feet
1,500 cfs

1,300 Kw
#6480 (Pending)
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