DEVELOPMENT OF TECHNIQUES AND METHODOLOGY FOR THE LABORATORY
CULTURE OF STRIPED BASS, MORONE SAXATILIS (WALBAUM)

by

Bruce A. Rogers, Deborah T. Westin
and
Saul B. Saila

Graduate School of Oceanography
University of Rhode Island
Kingston, Rhode Island 02881

Grant No. 68-03-0316

Project Officer

Allan D. Beck
Environmental Research Laboratory
Narragansett, Rhode Island 02882

ENVIRONMENTAL RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PROTECTION AGENCY
NARRAGANSETT, RHODE ISLAND 02882



DEVELOPMENT OF TECHNIQUES & METHODOLOGY
FOR THE LABORATORY CULTURE OF STRIPED BASS

Morone saxatilis

ABSTRACT
This summary describes the research undertaken to develop laboratory

culture techniques for striped bass (Morone saxatilis) that could be used to

provide an adequate supply of various life stages of this important fish
species for water quality and hazard evaluation testing.

For each of the four life stages defined here, egg, larval, juvenile,
and adult, the upper and lower lethal levels where applicable and an
approximation of optimum conditions were defined with regard to physical
characteristics of the environment including temperature, salinity,
dissolved oxygen, light, and turbidity. Satisfactory laboratory diets were
defined and verified for each life stage. A comprehensive set of procedures
was developed and described in a step-by-step manner for use by research
personnel wishing to maintain laboratory populations of striped bass for

physiological and toxicological use.



DISCLAIMER

This report has been reviewed by the Environmental Research Laboratory,
Narragansett, U.S. Environmental Protection Agency, and approved for
publication. Approval does not signify that the contents necessarily reflect
the views and policies of the U.S. Environmental Protection Agency, nor does
mention of trade names or commercial products constitute endorsement or
recommendation for use.
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FOREWORD

The U.S. Environmental Protection Agency has the broad responsibility
to carry out the national policy to restore and maintain the chemical, physi-
cal, and biological integrity of land and water resources consistent with the
health and welfare of mankind. The agency is charged with specific legal
mandates concerning water pollution. Two major laws protecting the aquatic
environment deal with regulating water quality and controlling toxic sub-
stances:

PL 92-500 Clean Water Act (Federal Water Pollution Control Act
as amended)

PL 94-469 Toxic Substances Control Act

Aquatic toxicological research accomplished at the Environmental
Research Laboratory, Narragansett (ERLN) provided the scientific data base
to meet these agency mandates. Availability of test species that are sen-
sitive to toxicants, ecologically important, and available in laboratory
culture is essential to such toxicological research.

This report describes culture methodology for the marine fish,
striped bass (Morone saxatilis) and use of early life stages in bioassay
experiments. A detailed procedure is provided for the laboratory production
of sufficient numbers of embryos, larvae, and juveniles to support experi-
mental use in toxicological studies.

Tudor T. Davies

Director

Environmental Research Laboratory,
Narragansett
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ABSTRACT

This research was undertaken to develop laboratory culture techniques
for striped bass (Morone saxatilis) that could be used to provide an adequate
supply of various life stages of this important fish species for water
quality and hazard evaluation testing. The work included both an extemsive
iiterature review of the data available on all aspects of its life history and
a program of laboratory experiments to determine the optimal rearing
conditions for each life stage.

For each of the four life stages defined here, egg, larva, juvenile, and
adult, the upper and lower lethal levels where applicable and an approximation
of optimum conditions were defined with regard to physical characteristics
of the environment including temperature, salinity, dissolved oxygen, light,
and turbidity. Although the establishment of the nutritional requirements of
each life stage was not an objective of this study, satisfactory laboratory
diets were defined and verified for each life stage. A comprehensive set of
procedures was developed and described in step-by-step manner for use by
research personnel wishing to maintain laboratory populations of striped bass
for physiological and toxicological use.

This report was submitted in fulfillment of Contract No. 68-03-0316 by
the University of Rhode Island under the spomnsorship of the U. S.
Environmental Protection Agency. This report covers a period from July 1,
1973 to April 15, 1979, and work was completed as of June 1978.
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SECTION 1

INTRODUCTION

Striped bass, Morone saxatilis, is an important commercial and sport
fish species with a center of distribution between the Hudson River and
the mouth of Chesapeake Bay. Individuals of this species ascend major
rivers to spawn, use coastal estuaries as nursery grounds, and as adults
make seasonal migratioms along the coast rarely straying more than five
miles from the shoreline. Because it passes its entire life cycle in the
waters immediately adjacent to the Boston-Washington,D.C., megalopolis,
it is subjected to the most intense effects of man-made pollution and
environmental alteration. In spite of these abuses, the Atlantic
population of striped bass has until recently enjoyed great abundance.
Although in the past considerable amount of research has been done on the
culture of the species for stocking into southern reservoirs, no reliable
culture methodology has been developed for maintaining all of the life stages
of the striped bass in the laboratory where the effects of various pollutants
may be determined in physiological studies and bioassay experiments.

The present study was undertaken to develop a reliable culture protocol
for all life stages of the striped bass. Armed with such a protocol,
researchers will be in a better position to examine the effects of water
borne pollutants on this resilient but vulnerable species.



SECTION 2

CONCLUSIONS

During the course of this study all of the life stages of the striped
bass from egg to adult were successfully maintained under laboratory condi-
tions. The temperature, salinity, dissolved oxygen, light and turbidity
requirements of all life stages were either determined empirically, approx-
imated from environmental data, or where reported by other workers corrobrated
in our laboratory. Optimum and survival limits for each of these parameters
were, where appropriate, specified. By maintaining conditions within these
bounds, striped bass eggs were repeatedly reared through to the juvenile
stage. A population of striped bass adults were successfully maintained in
captivity for five years. Despite repeated attempts, we were unable during
the course of this study to successfully induce spawning in the laboratory.
Sexually mature adults of both sexes, however, did occur among our captive
population. A step-by-step culture methodology has been prepared for use by
future workers.



SECTION 3

RECOMMENDATIONS

Although striped bass reach sexual maturity from two to nine years
after hatching, it is, we believe, possible and desirable to perform life
cycle studies using this species. In this study we were unable to close the
circle and demonstrate an egg-to-egg culture capability. Continued work
along this line would be highly desirable. The culture requirements of
larval and juvenile striped bass as well as adults may be easily met in the
laboratory. We urge more frequent use of this important species as a subject
for laboratory investigators. Increased knowledge of the effects of food
and/or water borne contaminants of the various life stages of the striped
bass could and should be used as a basis for efforts to diagnosis and
remedy the recent dramatic decline in the recruitment of the species into
the sport and commercial fisheries on both the East and West Coasts.



SECTION 4
DEVELOPMENT OF CURRENT CULTURE METHODS - A HISTORICAL REVIEW

Striped bass culture had its beginnings in the latter half of the
nineteenth century during the childhood of American fish culture.
Commercial and subsistence fishing had been an important part of the North
American economy since the first settlers arrived. As early as the mid-
1700's many New England fisheries had been completely eradicated through the
combined effects of virtually unrestricted fishing effort, dam building,
imprudent agricultural practices and river pollution. By the mid-nineteenth
century many coastal, estuarine and inland fisheries were in a state of
decline. In addition, other fisheries, while apparently not suffering
directly from overexploitation, were affected by fluctuations in abundance
which caused economic dislocations in the fishing industry.

The techniques of salmonid culture developed and described in Europe
by Stephan Ludwig Jacobi in 1764, were rediscovered and popularized in
France by Joseph Remy and Antoine Gehin in the late 1840's. In his first
report, M. Coste, then director of the first fish hatchery to be built by
the French govermment, in 1852 stated "There is no branch of industry or
husbandry, which with less chance of loss, offers an easier certainty of
profit." (Davis, 1967, p. 6). This ebullience was to characterize the
hatchery movement in Europe and in North America for the next half century.

In 1853 Theodatus Garlick, of Cleveland, Ohio, was the first American
to attempt and succeed at fish culture. His pioneering experiments with
brook trout paved the way for the entrepreneur-culturists, Seth Green,
Livingston Stone, and Thaddeus Norris, the acknowledged fathers of American
fish culture. By the late 1860's, 19 states maintained hatchery operations
as did numerous private culturists. During this period it was generally
realized that the stocking of artificially propagated fish was a more
politically acceptable palliative for the problem of overfishing than any
efforts to limit the catch (Bowen, 1970). However, there was little incen-
tive to stock interstate waters.

In 1868 the shad fishery was in a poor state in many areas. In that
year the federal Commissioner of Agriculture was petitioned by culturist
Seth Green and several others to sponsor efforts to propagate shad. By
1872, the U.S. Fish Commission, which was formed a year earlier, under the
leadership of its first Commissioner, Spencer F. Baird, received the mandate
from Congress "for the introduction of shad into the waters of the Gulf
States, of the Mississippi Valley and of the Pacific States, and of salmon,
whitefish, and other useful foodfish in the waters of the United States to
which they are best adapted..." (Bowen, 1970, p. 82-83). Baird, working
with and around the recently formed American Fish Cultural Society, the

4



precursor to the American Fisheries Society, led the federal effort to
restore depleted fisheries, both inland and coastal, through artificial
propagation. The shad restoration effort was the heart of the federal fish
culture program during the early years of the Fish Commission’s activities
in this area.

Marcellus G. Holton, who was employed by the fish commission to under-
take shad spawning operations on the Roanoke River in North Carolina,
reported in 1874 to Commissioner Baird that he had successfully spawned
and hatched striped bass, or rockfish, in May of 1873. His was the earliest
report of attempts to propagate this species. E. H. Walke, also of the
Fish Commission, reported successful efforts at spawning and hatching striped
bass eggs in 1879, again incidental to shad spawning operatioms. S. G.

Worth of the North Carolina Sub-department of Fish and Fisheries described
details of his successful attempts to spawn and hatch striped bass taken in
Albemarle Sound in the spring of 1880. He concluded: '"...it may be inferred
that rock-fish eggs are as easily fertilized as those of shad, and it would
in addition appear that a less amount of milt is necessary. It would

further appear that they are more hardy, even admitting large amounts of sand
and other mechanical substances into the water while undergoing impregnation.
...1it occurs that it only remains to ascertain the spawning localities of the
parent fish when their propagation will follow.'" (1882, p. 176). Worth
appeared to be the first culturist to undertake efforts specifically for the
purpose of hatching striped bass. 1In 1884 he reported: "...I established

at Weldon (North Carolina), quite late in the season of 1883, an exceedingly
crude establishment, containing sixty-five McDonald jars, equipped as if

for very crude shad or whitefish hatching. The station was provided with a
force of five experts, a force rather too small, though efficient.” (1884b,
p. 210-211). Worth and his force succeeded in hatching and releasing

50,000 striped bass fry from the estimated 1,000,000 eggs they had taken.

The only difficulties he mentioned were the delicacy of egg chorions late

in development and the lack of fine enough screens to retain the newly
hatched larve. He concluded that "...there seems scarcely a doubt of
securing a great supply of eggs, thus opening a means of propagating the
choice, wvaluable striped bass.'" (1884b, p. 212). Thus it was with great
optimism that the first century of striped bass culture was begun.

Since efforts to hatch striped bass were offshoots of shad culture
operations, no special equipment or techniques were used in these early
culture experiments. At times eligible males and females of either species,
striped bass or shad, were unavailable, prompting these early investigators
to try and cross-fertilize the two species. Whether or not these efforts
were undertaken with the serious expectation of success is unknown. Worth
(1882) fertilized striped bass eggs with shad milt and observed 5-6%
survival through hatching, with some larvae surviving for an additional 12
days. Writing in 1887, Ryder noted "It is rather extraordinary that the
striped bass should so readily lend itself to the purpose of cross-
fertilization with other closely allied species, such as the white and
yellow perch, but is still more astonishing that it should be possible
to cross this species with another belonging not simply to a different
family, but even to a widely different order and sub-class.” (p. 524).

Ryder then described what he fedt was incontestable evidence that reciprocal



crosses were possible between shad and striped bass. In addition, he quoted
a publication by R. B. Roosevelt of New York in which he too reported a wviable
cross between shad and bass. Ryder's report was the last to mention inter-
ordinal crosses involving striped bass. Hybridization between the striped
bass and its congeners, however, was to receive much additional attention
eighty years later (see Section 5).

It was within the spirit of the fish culture movement of the period that
efforts were made to establish striped bass in California waters. Shad
fry had been transported to California in 1871 two years after the completion
of the transcontinental railroad. By 1880 the Atlantic shad had been
established from San Francisco Bay to Vancouver. WNo doubt heady with the
success of the shad introduction, S. R. Throckmorton, the chairman of the
California Fish Commission, engaged Livingston Stone to import to the west
coast young striped bass, lobsters and several other Atlantic coast species.
Striped bass were planned to be included among the species transported
west by Stone in 1874 but for logistic reasons were not. However in 1879
he did succeed in transporting 133 juvenile striped bass captured in the
Navesink River, New Jersey, to San Francisco Bay where they were stocked in
Carquinez Strait between the fresh and salt water sections of the Bay.
The initial stocking was apparently an instant success. Eleven months after
the fish were stocked a 12 inch specimen was caught. By the time a second
planting of approximately 300 juveniles was undertaken by J. G. Woodbury in
1882 striped bass appeared to be well established (Shebley, 1927).

Spectacular successes such as the striped bass introduction in
California gave credence to the proponents of artificial propagation as a
fisheries management tool. Successful transplantations such as this, however,
did not allow the culturist an opportunity to perfect the techniques of
spawn taking and egg hatching that were required in other fisheries. Hatch-
ing techniques used in early experiments with striped bass were essentially
the same as those used for shad. Worth (1882) noted that striped bass eggs
were larger and somewhat more bouyant than those of shad. He also observed
that striped bass eggs did not require the same water volume as shad eggs
when McDonald jars were used. This observation no doubt came about as a
result of attempts to use flows equivalent to those used on shad, which
because of the lower density of bass eggs would have resulted in washing
the eggs out of the hatching jar or rapid clogging of aquarium screens,
where these were used. Worth apparently also hatched eggs in fabric cones
in floating live cars, a technique also used for hatching shad. Brice, in
his 1898 Manual of Fish Culture, observed that "The tidal apparatus, such
as is used for cod and tautog eggs, is adapted to hatching the eggs of this
fish" (p. 185). Brice does not mention whether or not the 'McDonald tidal
egg hatching box' was ever, in fact, used to hatch striped bass eggs. The
actual hatching of fertile eggs never appears to have been an important
problem to these early culturists.

From the very beginning, however, finding female striped bass in
spawnable condition was a problem. Even initial enthusiastic commentary omn
Holton's 1874 announcement that he had successfully spawned striped bass was
hedged with the proviso that "If localities can be found where rockfish may
be taken in sufficient numbers in the breeding season, the increase of this



‘species is probably as sure to be as effected as that of the shad has been."
(p. 554). 1In 1882 Seth Green observed to the members of the American Fish
Cultural Association: ''There have been but a few sturgeon and striped bass
hatched artificially. The reason that there have not been more is that it
is so difficult to get the mature fish when the spawn is ripe." (p. 37). He
then proposed holding potential spawners in live cars until they matured.

In his 1884 report to the American Fish Cultural Association, Worth noted
that "It is not known at what points ripe fish of this species can be found
in greatest abundance, but in our present state of knowledge, Weldon, North
Carolina, presents the greatest number.'" (p. 209). Of Weldon he noted:

"Although large quantities of striped bass are taken during the
several months by the large seines and pound nets seaward, there
appears to be no one point where the eggs in a condition proper for
fecundation can be found so abundantly. At the particular point
named, the fall is so great that ordinarily, owing to a lack of a
great volume of water to smooth over the falls, the fish are unable
to pass directly over, and in consequence are detained at the foot
of the falls." (1884b, p. 209).

While realizing that the Weldon site was unique, Worth felt that
there were other suitable spawn taking areas downstream in the Roanoke
"...with the system of impounding, there seems scarcely a doubt of securing
a great supply of eggs,”" (p. 212). Worth's prediction proved to be some-
what optimistic. Difficulties in obtaining ripe striped bass were
encountered elsewhere as well. Fish Commission culturists at the Havre
de Grace station, Chesapeake Bay, were not successful in artificially
fertilizing and hatching striped bass because of difficulties encountered
in trying to obtain ripe males and females at the same time. The construc-
tion of live holding facilities was suggested but apparently none were
built. Norny (1882) suggested the use of an enclosed pond near the
spawvning grounds on the Delaware River as a means of procuring ripe
females. Although he demonstrated that holding females was possible, no
major cultural effort ensued. The Weldon station was operated by the U.S.
Fish Commission and later the U.S. Bureau of Fisheries well into the
Twentieth Century (U.S. Fish and Wildlife Service, 1904-). In 1913,

Snyder reported on some of the improvements in hatching operations that had
taken place at Weldon over the years. Even at Weldon the problem of
obtaining females in the proper comdition for spawning persisted. Commis-
sion culturists obtained their ripe females from commercial fishermen
working along the river. Snyder noted "...during the past four seasons I...
have taken the eggs from only five fish, which were all the ripe fish I saw
caught. ...Has it been proven that these fish will not ripen in crates?"
(1913, p. 96). 1In 1915, Snyder reported that in fact they would ripen in
live cars. Although he was not pleased with the construction of the live
car he used, Snyder was able to conclude after his experiences during the
spring of 1914 that nearly ripe striped bass ripened in confinement

and that some of the eggs of those fish which ripen in confinement produced
good results. In all, seven of the 30 fish penned that spring in Weldon
spawned. Two of these ''cast their eggs'" in the car between examinations.
In recapitulating the results of his penning experiments Snyder observed
that the only females yielding eggs were those with very soft abdomens at



the time of capture. Among these promising individuals there was still
great variation in the degree of survival that was realized. What success
he did achieve he attributed to a large extent to the great care he exer-
cised in handling his brood fish. Snyder's spawners were captured on a
'slide' of a wooden wier in the river; as a result there was little capture
damage to the fish.

Based on observations by fishermen of large concentrations of ripe
females in the area during the years 1903 through 1905, the California
Fish and Game Commission decided to locate a hatchery near Bouldin Island
on the San Joaquin River (Scofield, 1910). The hatchery began operatioms
in 1907. Fishermen brought in ripe females to hatchery persomnel who
stripped them, applied milt and transferred the fertilized eggs to McDonald
hatching jars. During the first season the hatchery was filled to capacity.
Survival among the lots of eggs received ranged from over 50-60%Z to about
5%. The range in hatching success was attributed to water quality and
defects in the hatchery methods used. The hatching rate among successful
spawns Wwas higher than had been reported for hatching operations on the
Atlantic Coast. During the following season the expected run of spawmers
failed to materialize. Among the fish that were examined it was found
that spawners exhibiting low rates of survival also showed a low rate of
fertilization based on microscopic examination of eggs during the first
few hours of development. Using the microscope, each lot of eggs was
examined for the percent undergoing normal cleavage. Variations in survival
which had been laid to handling and water quality were now attributed to
differences in the degree of ripeness of the females spawned. Immature
females were observed to have lighter colored eggs than the dark bottle-
green eggs of fully ripe individuals. Filamentous fungus developed on
dead eggs in the hatching jars. It was controlled using a 1:100,000
solution of copper sulphate with no apparent ill effects. This was the
first recorded instance of the use of chemical treatments in striped bass
culture. Both wet and dry methods of fertilization were tried. The wet
method yielded only slightly better results. Having observed that the
majority of the fish taken had not reached the necessary stage of ripeness
for successful egg taking, Bouldin Island culturists constructed a large
holding pen, although reports from the Atlantic coast indicated that
striped bass were difficult to maintain alive in pens and that past efforts
to hold females until they reached ripeness had not met with great success.
During the 1909 season the run of bass was as poor as it had been the year
before; however, 50 females were caught and penned. Most of the fish taken
using gill nets died within a few days. Males and immature females
survived longer than ripe females which lasted no more than 24 hours af ter
capture. It was concluded that penning brood fish was practical only
where all forms of handling could be kept to a minimum. Few eggs were taken
from all of the fish captured in 1909. The following year the run improved,
but all of the females taken were immature. Ripe males were plentiful.

The Bouldin Island hatchery was abandoned after the disappointing results
during the 1909 and 1910 seasons. Although ultimately unsuccessful, the
Bouldin Island operation was the first to bring to bear up-to-date
biological techniques in the examination of spawning adults, eggs, and
larvae. The observations reported by Scofield and Coleman (1910) during
their biological experiments at Bouldin Island were the first systematic
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investigations of some of the biological problems encountered in spawning
and hatching striped bass.

The experiments at the Bouldin Island hatchery in California and Sny-
der's (1915) efforts on the Roanoke River, N.C., a few years later both
pointed out the major problem in striped bass culture to date, namely, the
extreme variability in the degree of ripeness that occurs even among
females that are on the spawning grounds and are nearly ready to spawn.

It was clear that, as Scofield pointed out, "'The taking of a female bass
with ripe eggs was evidently a lucky chance,..." (1910, p. 106) and that
holding females until they ripened, although it increased the odds of
finding one which was in precisely the right stage of ripeness, was

at best a difficult proposition.

Early culturists looked upon propagation as a means of helping
nature produce fish fry. In most instances newly hatched larvae were

stocked directly into the waters from which their parents were captured.
When distant waters were to be stocked fry were transported in shipping
cans with no particular care being given other than to shield them from
temperature extremes and provide periodic water changes. Little attention
was given to the cultural requirements of the larvae or later developmental
stages. In his 1884a report Worth stated: "As far as the keeping of the
fry is concerned there is no difficulty; in former experiments I have found
no difficulty whatever in keeping them alive in ordinary shipping cans a
period of twelve days with moderate changes of water through the tin
strainer tube." (p. 228). 1In 1904 Worth reported that he had reared an
unspecified number of larvae for four weeks in a "crudely constructed

pool near the hatchery door." He states: "I do not think that partial
rearing in ponds could be other than successful, as the water in the
temporary pool at Weldon was of very high temperature and almost stagnant."
(p. 226).

The hatchery at Weldon has operated with only minor interruptions since
Worth's time under the administration of the Bureau of Fisheries (and its
successors) and the state of North Carolina. Raney writing in 1952 noted:
"Experience at the Weldon hatchery has shown that the fry are not held
successfully for more than 12 to 24 hours after hatching without high
mortality, ... fry must be handled very carefully to avoid large losses,
and the longést haul successfully accomplished took about two hours."

(p. 44). Although Raney suggested that crowding and polluted water may have
been responsible for this extreme tenderness among striped bass larvae
spawned at Weldon, the difference between the problems he cite and the
minor difficulties evidently encountered by Worth are noteworthy. The
techniques employed at the Weldon hatchery underwent very little change
between 1906 and the late 1950's. Pearson (1938) mentioned successful
experiments undertaken in 1937 at Weldon and Edenton, North Carolina, aimed
at rearing larval striped bass in aquaria and outdoor ponds through the
introduction of natural foods such as Daphnia. However, he did not give
details of this work.

In 1942 the South Carolina Public Service Authority completed a
hydroelectric project which involved the damming of the Cooper and Santee
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Rivers on the coastal plain of South Carolina. Prior to the completion

of the project minor runs of striped bass occurred in the Santee River with
none of any importance in the Cooper River. The damming effort diverted
all river flow from the Santee River eliminating the run on that stream and
channelling it through a hydroelectric dam equipped with a navigation lock
which was connected by a tailrace canal to the Cooper River. The resulting
impoundments, Lakes Marion and Moultrie, covered an area of 160,500 acres
with a total shoreline of 415 miles. Shortly after the impoundment had
been completed, sportsmen’s catches of striped bass upstream of the dams
increased markedly. In addition, the increased flow in the Cooper River-
Tailrace Canal System provided conditions which fostered an increased sea-
sonal run of striped bass below the hydroelectric dam. Although no effort
was made to encourage the passage of anadromous species through the naviga-
tion lock into Lakes Marion and Moultrie, catches of menhaden, alewives,
and American shad in the impoundments suggested that the dams were not an
impenetrable barrier to normally migratory species. Observations of large
numbers of juvenile striped bass in the two lakes suggested that some
reproduction might be taking place above the dams. In 1955 Scruggs and
Fuller reported the occurrence of striped bass eggs and larvae well above
the dams at the mouths of the Congaree and Wateree Rivers, strongly
suggesting that striped bass were capable of spawning in an entirely
landlocked situation, a previously unsuspected case. Surber (1958) in a
review of the results of various attempts to introduce adult striped bass
into fresh water impoundments both before and after Scruggs and Fuller's
discovery noted that, on the whole, these efforts had met with meager
success. Only in the case of the Kerr Reservoir, a large impoundment on
the Virginia-North Carolina border, was there any evidence of successful
reproduction. Although striped bass, introduced as juveniles or adults
often thrived under landlocked conditions offering sportfishing opportun-
ities and the promise of controlling exploding populations of undesirable
species such as gizzard shad (Dorosoma spp.), it was concluded that all
but a very few impoundments failed to supply fast flowing tributary

streams which were felt to be necessary for successful spawning and egg
survival. Stevens (1965) opined that "The spawning recruitment dictates
that unless the freely-spawned striped bass eggs remain suspended in a
current until hatching, they will settle to the bottom and suffocate.”

(p. 526). Reasoning that "the reservoirs of South Carolina, other than
Santee-Cooper, are physically deficient as to the spawning requirements of
the. striped bass and that reproduction is doomed for this reason. ... ,

a hatchery was constructed in 1961 at Moncks Corner in order to circumvent
this limiting factor to the successful establishment of striped bass
throughout the state." (p. 526).

The Moncks Corner Hatchery, the first to be established since the
closure of the Bouldin Island hatchery in 1910, was inspired in its
configuration by the Weldon hatchery which had by that time been operating
more or less continually for over 70 years. Weldon was located below
Weldon Rapids which formed an impasse to upstream migrants on the Roanoke
River. The Moncks Corner operation was located on the tailrace of the
Pinopolis Dam at the head of the Cooper River-Tailrace Canal System. Here
each spring striped bass in spawning condition were known to congregate in
great numbers. It was felt that a situation like that at Weldon would be
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created. Hatchery personnel rather than commercial fishermen were to
capture potential spawners in deference to South Carolina law which
proscribed all commercial fishing for striped bass and prohibited all
fishing in a sanctuary area just below the dam. Of 900 fish examined in
1961 none were found to be fully ripe. While many fish were concentrated
just below the dam, it appeared that actual spawning took place over a
stretch of several miles below the dam. Concluding that the time between
ovulation and the actual release of eggs must be very shost, it was
deci?ed to abandon attempts to capture brood fish in precisely the proper
condition for artificial spawning. ’

Pickford and Atz's (1957) review, The Physiology of the Pituitary Gland
of Fishes, and several succeeding studies by personnel of the U.S. Fish and
Wildlife Service, had demonstrated the efficacy of hormone injections as a
means to induce precocious spawning in a number of fish species maintained
in captivity. Between 1962 and 1965 a series of experiments were run at
Moncks Corner under the leadership of Robert Stevens of the South Carolina
Wildlife Resources Department, which led to the development of a procedure
which could be used for the routine induction of spawning in Cooper River
females. This provided a basis for an.extremely productive fry production
program at Moncks Corner. Stevens (1966) investigated a number of hormone
injection protocols before arriving at an optimal means of assessing
maturity, determining the proper timing and dosages of hormone and learning
to predict with great precision the time at which brood fish should be
stripped to ensure maximum egg survival. In addition to the use of human
chorionic gonadotropin, which was ultimately adopted as the hormone of
choice for this work, he investigated the use of a variety of other hormone
preparations. These included follicle stimulating hormone, pituitary
luteinizing hormone, thyroid stimulating hormone, estrogen preparations,
testosterone, and fish pituitary glands. Only choriomic gonadotropin and
follicle stimulating hormone induced ovulation in striped bass females
when used alone. Other procedural improvements effected during this
period included the construction and use of holding ponds, the use of AC
electrofishing techniques to capture broodfish, and ef constant
temperature well water to supply the holding tanks and hatch house.
McDonald jars were used in the hatchery in much the same configuration
as they had always been used, but some of the troublesome aspects of their
use such as air entrainment and pressure variations were circumvented. Two
phenomena discovered by Stevens and his co-workers proved to be a great help
in explaining why so many earlier attempts at holding fish until they were
ripe had failed. 'Over-ripeness ,' the retention of already ovulated eggs
in the ovary without releasing them, led to the production of eggs with
very low fertilizability. It was found that there was a period of not
over one hour between ovulation and the onset of over-ripeness. Eggs not
stripped in this period showed very low survival through hatching. Over-
ripeness was avoided through the periodic inspection of egg samples removed
from the oviduct using a catheter tube. Abortiom, or the ovulation of
immature eggs, was observed in some cases but the regular use of hormones
and regular inspection prevented abortion from being a serious problem.
There was evidence, however, that hormone induced ovulation increased the
number of immature eggs that were released. These eggs could be fertilized
but seldom survived through hatching. Earlier workers at Bouldin Island
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had apparently tried to strip a number of fish with immature or golden
colored eggs.

The hormone techniques developed at Moncks Corner in the early sixties
were very effective in the hands of those practiced in their use.
Experienced culturists became expert at estimating the time to strip females
based on relatively few inspections. Minimizing handling reduced the likeli-
hood that females would die before viable eggs could be removed. The use
of the anesthetic MS-222, applied topically to the gills prior to stripping
increased the number of females which survived the spawn taking process.

The use of the techniques developed at Moncks Cormer resulted in the
production of eggs which survived well through hatching. Estimated percent
hatching increased from an average of 7.3% in 1962 to 31.0% in 1964 when
100,000,000 fry were produced (Stevens, 1966). Fry produced during this
period were held in aerated aquaria for up to three days after hatching at
which time they were stocked into grow-out ponds. As Stevens in South
Carolina was perfecting spawning techniques which were leading to greatly
increased levels of fry production, work was proceeding at the Edenton
National Fish Hatchery, at Edenton, North Carolina, aimed at growing
striped bass fry to fingerling size.

Newly hatched fry produced at Weldon had been used to stock a number of
inland areas in the south. Non-reproducing populations had been established
in several cases. Owing to the apparent lack of suitable spawning habitat
in many inland water bodies, the only way in which striped bass could be
maintained in these lakes to support sportfishing and rough fish control was
through continued introductions of hatchery reared fry from Weldon or
Moncks Corner. 'Put, grow and take' management of many lakes and reservoirs
involved the production of predigious numbers of fry each year. Stevens
noted "On a put, grow and take basis, however, low survival could not be
tolerated because the inherent inefficiency would make the concept
economically unjustifiable." (1967, p. 2). As of 1965 the Kerr Reservoir
was the only inland water to have a population of striped bass which had
been created by stocking fry. Stevens (1967), however, cited information
which cast doubt on the validity of even this claim. A total of three
million fry stocked between 1952 and 1954 from Weldon were claimed by some
to be the basis for the population of adults that appeared later. It was
reasoned that with the low survival among fry stocked shortly after
hatching a protracted yearly stocking program would be needed to yield any
significant results. The need for better survival was evident. Anderson
(1966) reported on efforts made in 1964 at the Edenton Hatchery. Lots of
fry obtained from Weldon were divided between hatchery troughs and
fertilized ponds. Those maintained in troughs on a diet of emulsified
shrimp ultimately died, although they did appear at first to be consuming
the diet provided. Fry stocks in the pond, which had been limed and
fertilized with soybean meal and applications 'of 20-20-10 inorganic
fertilizer, survived on the micro-crustacean populations induced by heavy
fertilization and grew rapidly. As they grew larger, natural food was
supplemented with ground herring and trout food. The pond which had been
stocked May 20 was seined on August 11 and 30,000 fingerlings recovered
with an average weight of 4.5 grams each. In 1965, Sandoz and Johnston
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repeated Anderson's success in rearing striped bass to fingerling size in
ponds in which the zooplankton population had been enhanced by heavy
fertilization. Like Anderson they had poor luck in attempts to maintain
larvae on non-living food. Larvae were, however, reared to fingerling size
on zooplankton netted from the hatchery pond and fed to fish in aquaria.

Once it had been shown that the production of pond reared fingerlings
was a practical proposition, a number of fish and game agencies in the south-
east and mid-west became involved. Reviewing the results of pond rearing
experiments carried on in over a dozen different state agencies, Stevens
(1967) concluded as follows on larval feeding:

"If possible, fry probably should not be stocked when younger
than four to six days old because they have a tendency to settle
to the bottom where suffocation may occur.

A four-day-old fry, on the other hand, is continucusly
in motion and by the eighth day, starts feeding.

There seems to be no doubt that zooplankton is essential
to the life of striped bass fry from day eight until a yet to
be determined time, perhaps until the post larvae reaches at
least one inch in length. After this time, supplemental feeding
alone may be sufficient." (p. 4)

Although most practicioners were able to obtain satisfactory zooplankton
blooms in their rearing ponds, they often found it difficult to maintain a
sufficient zooplankton density over a long period. A variety of supplemen-
tal feeds were used by the wvarious groups, including trout food round
meat and fish, and live fish. Fingerlings consumed a variety of these feeds
but,as always, it was difficult to determine to what extent the fish relied
on the food offered and to what extent they lived off the planktonic and
benthic populations of the ponds in which they were kept.

In 1975, Braschler summarized the development of pond culture techni-
ques. Bonn et al. (1976) provided an extensive section on pond culture.
They included pond preparation (liming and fertilizing), pre-stockin
checks (zooplankton abundance, predators, and temperature), and stoc%ing.
The suggested optimum stocking rate wasl00,000 fry/acre. Plankton,
vegetation and insect control during growth period (4 to 6 weeks) prior to
harvest as fingerlings werealso discussed. Powell (1976) described
brackish water culture in Alabama. Rees (1974) suggested that further
investigations into rearing to advanced size in raceways should be explored.
This would allow closer observation of feeding, growth, mortality, and
diseases than is possible in ponds.

During the later part of the 1960's and early seventies the Edenton
National Fish Hatchery made additional strides in perfecting the extensive
rearing of striped bass fingerlings (Meshaw, 1969; Bowker et al., 1969;
Ray and Wirtanen, 1970; Wirtanen and Ray, 1971). Fry which had developed
functional mouth parts were routinely stocked in rearing ponds and were
recovered as fingerlings several months later. Stocking was performed in
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April and May when newly spawned fry were available. Fingerlings were
recovered early in the summer and transported to their assigned stocking
sites. During the years when these systematic investigations were underway
a number of new procedures developed and, concurrently, new problem areas
were revealed. Since the aim of most of these studies was to improve produc-
tion rather than to perform basic research, investigators were unable to
follow up on all of the observations they made. It was found that larvae
and juveniles under 8 weeks of age fed exclusively on planktonic food and
made virtually no use of benthic organisms in the Edenton ponds. Efforts
were also made to determine to what extent supplementary feeding was
necessary in pond raised striped bass fry. Results obtained during the 1967
and 1968 seasons revealed that fry receiving trout food or ground herring

as a supplemental ration had a lower survival rate than those in ponds in
which zooplankton alone was present. Where zooplankton was abundant the
juvenile bass grew faster and enjoyed better survival when no supplemental
food was supplied. Although the fish were observed to eat the supplementary
ration when 1live food was abundant, they apparently showed little
inclination to do so. It was felt that if young fingerlings were to be
weaned onto complete reliance on the ration they were being supplied that
they would have to be confined and taught to eat the supplemental food.
Advanced fingerlings showed better growth and survival when supplied with
ground herring than when offered only dry trout pellets. Groups which
underwent an abrupt change in ration showed the lowest survival and

growth. Palatability was apparently an important factor.

In a later series of experiments dry diets alone were used, dispensed
by hand and through the use of automatic feeders. Lots fed from automatic
feeders showed a slightly better feed conversion, however it was thought
that this could be due to the more frequent feedings that the feeders
made possible.

The methods used at the present time in most hatcheries involve
feeding brine shrimp during the pre-pond stocking phase, especially if
this extends beyond yolk sac absorption. After stocking fry into ponds,
supplemental feeding may be desired either to augment the zooplankton
supply or to increase production. Bonn et al. (1976) suggest feeding
artificial trout feed at the rate of 5 pounds per acre per day after bass
are three weeks of age. This rate can be increased to 20 pounds per acre
per day at harvest time. Harper and Jarman (1972) found supplemental
feeding of fry and fingerlings in ponds increased production, albeit
identification of these commercial diets was lacking in the food habit
studies conducted concurrently.

It became clear that in handling fingerlings, both during restocking
and during harvest, great care was needed to prevent undue stress to the
fish. Pond harvesting techniques were described by Bomnn et al. (1976).
These included the use of glass V-trap to harvest 80% of pond crop from
properly comnstructed ponds, catch basins, seines with partial draining, or
using nursery ponds built to stock directly into lakes. Transport of
fingerlings harvested from ponds to stocking destination was also
described by Bonn et al. (1976). They suggested holding for 24 hours and
treating with Furacin at 100 to 500 ppm with 1% salt for 2 to 5 hour
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periods prior to shipping. Fingerlings were then hauled in tank trucks with
1%Z salt (NaCl) and 21 ppm MS-222 or 0.35 ppm Quinaldine to reduce activity.
Acriflavine at rate of 1 ppm could also be used during hauling. Transport
densities suggested were 1/4 to 1/2 pound per gallon with good aeratiom.

The problem of handling gravid adults was addressed during early studies,
but never resolved. Adult females which were being held for spawning purposes
frequently developed the 'red-tail syndrome'. This condition started as a
hemorragic area on the caudal fin. The reddened area generally spread over
the caudal penducle and sometimes over the entire posterior portion of the
body. Most often the affected individual became unresponsive and died. Both
Edenton workers and Stevens in South Carolina tried a number of antibiotic
and antiinflamatory drugs with no success. Frequent pre-ovulation mortalities

among hormone injected females was also a problem that was never explained or
resolved. Losses among brood fish prevented their repeated use in successive

seasons. At the present time, hatchery procedures for broodfish transport
throughout the south eastern states generally follow those outlined above
for fingerling transportationm.

Other pathologic conditions observed among captive striped bass included
columnaris disease, and hemorragic gill disease. Posthodiplostomum tricho-
dina was a problem extermal parasite. Losses attributable to bacterial
diseases were most often associated with crowded conditions, either in ponds,
tanks or raceways. Disease and parasite problems encountered during hatchery
and pond production of striped bass have been described by Bowker et al.
(1969), Regan et al. (1968), Hughes (1975), Hawke (1976), and Bonn et al.
(1976) .

Today, striped bass reared in ponds are used primarily for stocking of
lakes, reservoirs and impoundment areas for sport fishing and shad (Dorosoma
spp.) control. Most of this production is carried out by federal and state
hatcheries and agencies. The states producing striped bass include Alabama,
Arkansas, Florida, Georgia, Kansas, Kentucky, Louisiana, Mississippi, Miss-
ouri, Nebraska, North Carolina, Oklahoma, South Carolina, Tennessee, Texas,
and Virginia. Production and survival by agencies of these sta tes for 1972-
1975 was tabulated in Texas Instruments (1977c), where the grand total produc-
tion for these years combined exceeded 14,000,000 fingerlings. Production by
federal hatcheries for the same years was also tabulated in Texas Instruments
(1977¢). The total fingerlings produced from these hatcheries was in excess
of 15,000,000. Production data for this and other species by federal
hatcheries is available from the U.S. Fish and Wildlife Service (1904-) .
Federal hatcheries producing striped bass for stocking are in Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, Missouri, North
Carolina, Oklahoma, and South Carolina.

Stocking of underutilized brackish water nursery grounds was investiga-
ted in Virginia by Merriner and Hoagman (1972). Striped bass have been
reared in the Hudson River for population and entrainment/impingement studies
and for possible power plant mitigation (Texas Instruments, 1977a,c). The
U.S. Envirommental Protection Agency has indicated a desire to utilize
striped bass as a test organism in national water quality standard determina-
tions. This study was undertaken to develop laboratory culture methods.
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SECTION 5

NOMENCLATURE, TAXONOMY AND MORPHOLOGY

NOMENCLATURE

Valid name
Morone saxatilis (Walbaum), Mitchill, 1814, Rep. Fishes N.Y.

Objective synonymy
Sciaena lineata Bloch, 1792, Ichthyologia, IX

Roccus striatus Mitchill, 1814, Rep. Fishes N.Y.

Roccus lineatus Gill, 1860, Proc. Acad. Nat. Sci. Phila.

TAXONOMY

Affinities

Suprageneric

Phylum Vertebrate
Subphylum Craniata
Superclass Gnathostomata
Series Pisces
Class Osteichthyes
Subclass Actinopterygii
Superorder Acanthopterygii

Order Perciformes
Family Percichthyidae (Serranidae)

Generic
Morone Mitchill, 1814; no type description made

The generic concept adopted here is that of Whitehead and Wheeler
(1966). Mitchill (1814) distinguished his genus Morone upon the impression
that the fins were abdominal in position, in contrast to their thoractic
position in the genus Perca. Mitchill (1814) gave no description of the
genus Morone beyond this misapprehension of the ventral fin position.
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The description is based on Jordan and Eigenmann (1890). Top of head scaly;
lateral line nearly straight; teeth on tongue in one or more patches. Pre-
opercle without antrose spines on lower limb, and lower margin simply
serrate or entire. Anal spines III, 7 to 13; dorsal spines VIII-X (IX), I,
9 to 15 (12).

According to Whitehead and Wheeler (1966), Woolcott (1957), and Berg
(1949), this genus contains four North American species: Morone saxatilis
(Walbaum, 1792), M. americana (Gmelin, 1788), M. chrysops (Rafinesque, 1820),
and M. mississippiensis (Jordan and Eigenmann, 1887); and two European
species: M. labrax (Linnaeus, 1758) and M. punctatus (Bloch, 1792).

Morone Mitchill, Bleeker, 1876, 263; type Morone americama Gill -
Morone rufa Mitchill.
Morone Mitchill - Reccus Mitchill, Boulenger, 1895, 125.
Chrysoperca Fowler, 1907; type Morone interupta Gill.
Lepibema Rafinesque, 1820; type Perca chrysops
Dicentrarchus Gill, 1860; type~Perca~elopgata St. Hilaire

Specific

Morone saxatilis (Walbaum, 1792) (Figure 1)

Type locality: New York

Diagnosis: Body elongate, little to moderately compressed; back little
arched; depth less than 1/3 the length, greatest depth 3.45 to 4.2, average
least depth 9.6, average depth at anus 3.9--in standard length. Head sub-
conical, 2.9 to 3.25 in standard length. Dorsal fin rays: IX (VIII-X), I,
9 to 15 (12). Anal fin rays: III, 7 to 13 (11). Ventral (pelvic) fin
rays: I, 5. Pectoral fin rays: 13-19; length of pectorals 2.0 in head.
The two dorsal fins are approximately equal in basal length, the first
(spinous) originating over the posterior half of the pectoral, the second
(soft) entirely separated from first; longest dorsal spine 2.3 in head.
Anal fin situated below posterior two-thirds of second dorsal: anal spines
graduated, second anal spine 5 to 6 in head. Pectorals and ventrals of
moderate size; insertion of ventrals slightly behind that of pectorals.
Caudal forked, the middle rays 0.6 length of outer. Lateral line scales 7
to 9-57 to 67-11 to 15; typically ctenoid. Vertebrae (including hypural):
24 or 25 (almost invariably 12 + 13 = 25). Gillrakers on first arch: 8 to
11 + 1+ 12 to 15 (10 + 1 + 14). Eye 3 to 4.9 in head and less in smaller
individuals. Mouth large, oblique, maxillary extending nearly to middle of
orbit, 2.5 in head; lower jaw projecting. Teeth on base of tongue in two
parallel patches; also present on jaws, vomer, and palatines. Preopercle
margin clearly serrate. Color olivaceous, silvery-blue; sides paler,
marked with 7 or 8 continuous or interrupted blackish stripes, one of them
along the lateral line; fins pale (Jordan and Evermann, 1896-1900; Merriman,
1941). (Table 1).
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The striped bass, Morone saxatilis (Walbaum).

Figure 1.




TABLE 1.

DIAGNOSTIC OSTEOLOGICAL

CHARACTERS OF FIVE SPECIES OF MORONE

Quaracter saxacilis chrysoes asery mMSS13$10DiensLs laorax
Vomwr
Oentigerous sure Brosd intero~ Like sazatilis Narrow ntaro- Like apericans tize ssxacilis
face gesteriorly postariorly - )
Angle foraed by Chruse Like saxatilis Like saxatilis Like saxzacilis Half-onon shape
< TOows
Fremtal Scrong. Semsory Like saxacilis Reiseively weak. Like apericans Like saxatilis
cznal and pores Sensory csnals
szall md pares large
Swrascsipital crest
Shape Long aad low Shore and high shore and high Like americana Long and low
Lengek divided by [2.0-2.5 1.5 Like chrysops Like carysoes 2.
ne1ghe
Angle formed by 30 degrees 40 dagroes 50 degrwes Like americana 15 degrees
Jase md dorsal
arna
Parietal Vot inflated taflated Like carysops Like chrysoos Like zhryscps
Jtic region
Area swollen Maztly prootic Prootic and basi- |Proctic, basi- tike asericans {nterzediaza ce-
occipatal ocearpatal, and twaen hrysoes
exoccivizal and AQericana
Zreatly inflaced
Suture betwesa Very irregular Irregular Eatize Like acericana isTegqular
srostic and exne-
cipital
QJuolich (saqptta)
Shape oestally S ] C: Flae Slizhetly zoncave Concave
fidgh divided by |43 4.0 2.3 3.0 2.3
thickness ag
center
<angeh divided by [ 2.3 1.7 Lake chrysoos Liks chrysoos 2.2
«adth
Catschotic, 209~ Extends posteriorly|Extends dorsally Absent Abseat Sxtends pesteriorly
cerior precoss
Vaxills SerTEte 3t pas- Like saxatilis Smoath at pas- ke umricana Like amercans
carior edge - tor20r edge - -
Lower jaw Projeces beyond Like saxaeilis Not projecting. Like izericans Projects beyond
upperT JaM. frul. Sensory pper jm.
Scrung. Seasory capal and pores Strong. Seasory
csnal and pores Lazge canal and pores
mall lazge
Operele Pronounced U-shaved{Righe angled L on ab. ¢ ion ab ¢ an ibseme
noech just shove indemeaticn abave
hyomsnaibular
arciculactica aretculazion
Precpercle, ventril|Serrace Serraze Sermte Serrate Spinss (4 co 6)
zarq:n
Urchyal Blongats (latersl |Desper than Like chrysass in tike chrysoos in 8longace. Gresteat
view) Greacest saxatillis. Gresc- | shape. ‘edaian shaps. Trougn depth it
degth near pos= a3t aspeh at ridge ia trougn {acks ssdian ridgei discance from an-
cerior tip. discance from present or wsent temior =:p. Trougn
Trough lacks meeTIor tip. lacks osaisn ridge
mdisn ridge Trough wich
oedian ridge
Teague
“eetn on base of {Two oarallel rows {Single patch Absent Absent Single patch

Lazeral tooth bone

Dorssl aterygio=
phores

\nal prerygicphores

Soaxial procurTent

ays
Hyparial procurrwat
rays

Form of vercebral
column
10t vertsbra

Angle descrided by
subclexherua from
longitudinal axis
of pecetoral fin

Share snd aarTow

3

12
33

11

Sermght

Hassal arch may be
partislly or come

pletely formed
45 degreas of less

Long and elliprical

3

13 or 14
33

9
Slighely curved
Like saxaeills

Betwesn 3S ind &0
degrwes

Lang, narrow ind
slightly cuzved

tong, Yrosd and
curved

23 23 or 2%
10 10
i1 10
9 ?
ly cxxved iy curved
Hasmal arch absent |lLike izerTicars

Greater than &0
dagrees

Tooth patches large
ana oval (hones not
caserved)

23

2

sezaight
Hasmal arch formed

———————
+*Not “oservad.

*Taken #rem doulcoet (1957), sodified slighely.
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Subjective Synonymy

Perca Rock-fish vel Striped Bass Schoepf, 1788, Schrift. der Gesells.
nat. Freunde, VIII, 160, New York.

Perca saxatilis Walbaum, Artedi Genera Piscium, 1792, 330, New York;
Bloch & Schneider, 1801, Systema Ichthyol., 89, New York.

Sciaena lineata Bloch, 1792, Ichthyologia, IX, 53, pl, 304.

Perca septentrionalis Bloch & Schneider, 1801, Systema Ichthyol., 90,
pl. 20, New York.

Centropomus lineatus Lacepede, 1802, Hist. Nat. de Poissons, IV, 257.

Roccus striatus Mitchill, 1814, Rep. Fishes N.Y., 24, New York; Bean,
1884, Proc. U.S. Nat. Mus., 242, Alabama.

Perca mitchilli Mitchill, 1815, Trams. Lit. and Phil. Soc., N.Y., I,
413, pl. 3, £. 4, New York.

Perca mitchilli alternata Mitchill, 1815, Trans. Lit. and Phil. Soc.
N.Y., 415, New York.

Perca mitchilli interrupta Mitchill, 1815, Trans. Lit. and Phil. Soc.
N.Y., 415, New York.

Lepibema mitchilli Rafinesque, 1820, Ichthyologia Ohiensis, 23.

Labax lineatus Cuvier & Valenciennes, 1828, Hist. Nat. des Poissons, II,
79, New York; Richardson, 1836, Fauna Boreali-Americana, III, 10: Storer,
1839, Report Fishes of Mass., 7, Boston and vicinity; Ayres, 1842, Boston
Jour. Nat. Hist., IV, 757, Long Island; DeKay, 1842, Zool. of N.Y. Fishes,
7, pl. 1, £. 3, Long Island; Storer, 1846, Syn. Fishes N. Am., 21; Baird,
1854, Rep. on Fishes of N.J. Coast, 7, Chesapeake Bay, Potomac, and
Susquehanna Rivers; Holbrook, 1855, Ichth. S.C., 17, pl. 4, £. 2; Storer,
1855, Hist. Fishes of Mass., Mem. Am. Acad. Arts & Sci., V, 54, Mass., New
Hampéire & Maine; Gunther, 1859, Cat. Fish. Br. Mus., I, 64,

Roccus lineatus Gill, 1860, Proc. Acad. Nat. Sci. Phila., 112; Gill,
1876, Ichth. Rep. Capt. Simpson's Sur. Great Basin Utah, 391; Uhler &
Lugger, 1876, Md. Acad. Sci., 126; Jordan, 1878, Annals, N.Y. Acad. Sci.,
IV, No. 4, 97, Delaware and Potomac Rivers; Jordan & Gilbert, 1878, Proc.
U.S. Nat. Mus., 380, Beaufort, N.C. and vicinity; Goode & Bean, 1879, Proc.
U.S. Nat. Mus., 145, Pensacola and vicinity; Goode op cit., 115, St. John's
River, Fla.; Bollman, 1886, Proc. U.S. Nat. Mus., 465, Escambia River.

Lepibema lineatum Steindachmner, 1862, Verb. Zool. Bot. Ges. Wien.,
XIT, 504.

Roccus lineatus (Bloch) Gill, Goode & Bean, 1879, Proc. U.S. Nat. Mus.
145; Jordan & Gilbert, 1883, Bull. U.S. Nat. Mus., 599.
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Roccus saxatilis Jordan & GilBert, 1883, Bull. U.S. Nat, Mus., 599:

Bean, 1883, Proc. U.S. Nat. Mus., 365; Jordan, Evermann & Clark, 1930, Rep.
U.S. Fish. Comm., 307.

Roccus septentrioalis, Jordan, 1885, Proc. U.S. Nat. Mus., 73.

Roccus lineatus (Bloch), Jordan & Eigenmann, 1890, Bull. U.S. Fish
Comm., 423; Jordan & Evermann, 1896-1900, Bull. U.S. Nat. Mus., 1132.

Morone lineata Boulenger, 1895, Cat., I, 129.

Morone saxatilis (Walbaum), Bailey, Winn & Smith, 1954, Acad. Nat. Sci.
Phila., 106, 136.

Key to the species of Morone (from Whitehead and Wheeler, 1966).

I. Lower border of pre-operculum with several antrorse spines; dorsal
fins separated by a space; Mediterranean and Eastern Atlantic;
marine and estuarine.

a. Lateral line scales 62-74 (Mode 70); vomerine teeth in sub-
crescentic band, without posterior extension; adults without
black spots on upper part of body. M. labrax (Linn., 1758)

b. Lateral line scales 57-65 (Mode 60); vomerine tooth patch
anchor-shaped; adults with small black spots on the upper part
of body. M. punctatus (Bloch, 1792)

II. Lower border of pre-operculum with small denticulations directed
downwards; Western Atlantic, eastern & southern N. America.

a. Dorsal fins separate; anal spines increasing evenly in length;
two sharp spines on hind border of operculum; teeth on base of
tongue.

i. Body elongate, its depth more than three times in its
length; lateral line scales 57-67; teeth at base of tongue
in two parallel patches; marine and estuarine.

M. saxatilis (Walb., 1792)

ii. Body deeper, its depth less than three times in its length;
lateral line scales 52-58; teeth at base of tongue in a
single series; freshwater. M. chrysops (Raf., 1820)

b. Dorsal fins connected; second anal spine almost equal in length
to the third spine; a single sharp spine on the hind border of
the operculum; teeth present along edges of tongue but not at
base.

i. Longest dorsal spine about half head length; faint streaks
on flanks; marine and freshwater. M. americana (Gmelin,1%88)
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ii. Longest dorsal spine greater than half head length,
seven distinct longitudinal lines on flanks, interrupted
posteriorly; freshwater, lower Mississippi valley. M.
mississippiensis (Jordan & Eigenmann, 1877)

Taxonomic status

This is a morphospecies and polytypic.
Subspecies
There are no defined subspecies.

Standard common names, vernacular names

Striped bass Squid~-hound
Striper Linesider

Rock Missuckeke~kequoch
Rockfish Rollers

Green-head

MORPHOLOGY

External morphology

Some morphological data are given in the taxomomy section above.

The separation of this species into subpopulations (spawning popula-
tions) or stocks is based primarily on a morphometric study (Lund, 1957),
and analysis of the variation in frequency of certain meristic counts
(Table 2). Biochemical analysis (Morgan et al., 1973; Otto, 1975) and
discriminant analysis of combinations of morphometric and biochemical
characteristics have generally strengthened these separations (Grove et al.,
1976; Berggren and Lieberman, 1978).

Lund (1957) found on the basis of morphometric amalysis that a north-
south cline existed along the Atlantic cmoast with respect to body and
caudal-peduncle depth. Both measurements were lower in striped bass from
Hudson-Delaware area and higher for Santee-Cooper River bass. His analysis
showed that the Hudson River striped bass were distinctly different from
the others he studied. Further, he concluded that, within the Chesapeake
Bay, the James, York, Rappahannock and Potomac Rivers supported separate
populations of bass. Lund felt that the presence of this cline suggested
the differences observed were the result of selection and were, thus,
genetically fixed.

Lewis (1957), counting the upper arm and total number of gill rakers
on the first left brachial arch of age 0-1 striped bass, found that the Hudson
River bass were homogeneous within year classes and concluded the river
supported one population. He found no significant differences in gill

22



€C

TABLE 2.

AMONG STRIPED BASS SUBPOPULATIONS

DISTRIBUTION OF CERTAIN MERISTIC CHARACTERS

Location of Subpopulation
(spawning population)

Meristic Characters

Total GL11 Rakers

on First Arch
(Lewis, 1957)

Lateral Line Scales

(Murawski, 1958)

Dorsal Fin Rays
(Raney, Woolcott
§ Mehring, 1954)

Anal Fin Rays
(Raney, Woolcott
§ Mehring, 1954)

Rhade 1lsland

Hudson River

Upper Chesapeake Bay
Nanticoke River
York-Rappahannock Rivers
James River

Albemarle Sound
Santee-Cooper System

St. Johns River
Appalachicola River

San Joaquin River

Range Mean
18-25" 21.9
22-29 25.8
21-27 24.5

20-268 22.9

21-26 24.0
22-28 25.2
22-27 24.5
22-26 23.5
23-29 25.9

Range Mean

59-70° 63.7
5§3-67 60.3

50-71 62.6

59-708 62.7

54-67 60.7
55-67 61.4
56-66 60.8

52-64¢ 59.2
52-58° 54,2
63-720 66.7

56-64 59.5

Range Mean
10-13° 11.8
9-14 11.3
10-13 11.8
10-12% 11.6
10-13 11.8
9-13 11.6
11-12 11.9
11-12 11.9
11-12¢ 11.9
10-13d 11.5
10-11€ 10.7

Range Mean
10-12% 1.9
9-12 10.6
10-11 10.9
9-12% 10.7
10-12 10.9
8-120 10.7
10-11 10.9
10-11 10.9
10-12¢ 11.0
g-124 10.5
g9-1]1° 10.8

%authors' data

bRaney. 1957.

CRaney and Woolcott, 1955.

dparkuloo, 1970,

®Raney and deSylvia, 1953,



rakers of 0 and I bass, but without adequate samples from bass II, he could
not comment on the possibility of variation in older bass. Lewis' analysis
showed that bass from western Long Island Sound had gill raker counts inter-—
mediate between those of Chesapeake and Hudson. Although Vladykov and
Wallace (1952) found that vertebral counts, dorsal spines, and gill rakers
were not useful characters in separating bass populations, Lewis concluded
that gill rakers can be used to separate bass populations. He suggested
that the possible differences found by Vladykov and Wallace in gill raker
counts from five year classes within the Delaware River indicated that his
samples were probably not drawn from the same population. Lewis assumed
that the meristic characters he studied were genetically fixed with envir-
onmental factors operating only within narrow limits.

Murawski (1958) counted the lateral-line scales of age 0 bass from
collections along the Atlantic coast. He assumed that the lateral-line
scale number, once determined, does not change with age or body length.

He observed that bass are about 16 mm at the time of initial formation of
lateral-line scales and all have attained their full complement by the time
they reach 30 mm. Murawski determined that high water temperatures during
development seemed to result in low scale numbers. He felt that, to a
great extent, the number of lateral-line scales in striped bass is
genetically controlled, although modifiable by environmental effects, sup-
ported by his findings of a close relationship between the scale counts

of Hudson and California specimens. He suggested that the within-river
variations were caused by the effects of environmental changes, since they
were not observed in any two succeeding year classes from a given river.
Murawski concluded from his analysis of lateral-line scale variations, that
the Hudson River appears to be one population (local population) of striped
bass which is differentially modified by the environment. He found that
the York and Rappahannock Rivers formed a homogenous group. All of the
upper Bay tributaries formed another homogenous group. The James River,
which lies to the south of both the York and Rappahannock Ribers, was found
to have the greatest affinity with the northern Bay tributaries rather than
the neighboring York and Rappahannock group. Nonetheless, he considered
the James River samples as a third isolated population because it was
geographically disjunct. Murawski's Delaware River samples, in turnm,
appeared to be most closely allied with the James River samples. In

the anmalysis of lateral-line scale counts from Delaware River striped bass,
de Sylva (1962) found no significant difference among five year classes.
However, he did find a bimodality in the distribution which suggested
entrance from other geographic regions.

Perhaps the most information on meristic variation in striped bass
comes from counts of the soft fin rays. Raney and de Sylva (1953) reported
that dorsal, anal and pectoral soft ray counts showed a significant differ-
ence between Hudson River and Chesapeake Bay bass, with the Bay usually
having the higher counts of the two. They suggested that, of the three
fins counted, pectorals provided best separation. However, Raney et al.
(1954) found the greatest variation and difficulty in counting the pectoral
fin rays. Instead they found that the soft dorsal fin rays, which appeared
to be erratic in the earlier study, gave the most consistent separation, while
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a combination of anal and dorsal soft rays gave the highest separation. A
mode of 12 soft dorsal fin-rays has been reported by Raney and Woolcott
(1955), Raney et al. (1954), and Raney (1957) for striped bass from the
Chesapeake region and Albemarle Sound to Mississippi, while the Hudson
River appears unique with a mode of 11. Raney (1957) found the mode for
soft anal fin-rays was 1l within Chesapeake Bay with 10 the next most
frequent count. On the basis of soft anal fin-ray counts Raney (1957)
separated the Chesapeake into two subpopulations - the James vs, the other
rivers. Assuming that the meristic characters considered were genetically
fixed and that environmental factors operated only within narrow limits,
de Sylva (1961) concluded from his study that the Delaware River supports
a spawning population of striped bass. However, since the meristic charac-
ter variation predicated that the five year classes sampled were probably
not drawn from the same population, he suggested this population is
supplemented during some years by spawning stock from other regions, most
probably from the James River.

Support of the proposed stock separations suggested on the basis of
meristic characters discussed above has come from biochemical analysis.
Within the Chesapeake Bay the James River appears to contain the most
easily separated local population of striped bass, while the rivers north
of the Rappahannock on both sides of the Bay appear to support less discrete
bass populations. An electrophoretic analysis (Morgan et al., 1973) of
serum proteins from adult and juveniles from five of these Upper Bay rivers,
the Potomac, Patuxent, Choptank, Elk, and Nanticoke, showed four distinct
populations. The Potomac and Patuxent were not distinguishable on the basis
of the five proteins studied, and there appeared to be some connection be-
tween the striped bass from these rivers and the Choptank and Nanticoke
bass. The Elk, the most northerly river of this study, was also the most
discrete.

Otto (1975) amalyzed striped bass juveniles and adults from the Maine
coast, the Hudson, James, York, Rappahannock and Potomac Rivers and Cali-
fornia (San Joaquin) to determine if there were any electrophoretically
detectable differences in certain enzymes. He found that most (89.3%) of
the 29 loci were monomorphic but that three (alpha-glycerophosphate dehy-
drogenase, isocitrate dehydrogenase. and asterase) were polymorphoric.

The fraction of polymorphoric loci per population was low, ranging from
zero in California samples to 8% in James River specimens. Two alleles of
alpha-glycerophosphate dehydrogenase were found by Otto in all samples
except those from California and the Potomac River. Significant (at 5%
level) differences in esterase were found between the Hudson and James and
between the James and Rappahannock specimens. Otto concluded that con-
sistent differences between the Hudson and the aggregate Chesapeake were
shown from genetic frequency of the polymorphic loci. His data indicate
probable differences between the individual rivers of the Chesapeake,

just as Morgan et al. (1973) found for their Upper Bay samples.

Use of meristic, morphometric and biochemical characters in discrimi-
nant analysis provides the strongest estimates for separation of three
spawning stocks along the Atlantic coast. Grove et al. (1976) using dis-
criminant functions determined from collections of adults in natal rivers
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(homing was assumed) from Hudson, Chesapeake and Roanoke estuaries in 1974
and 1975 were able to classify approximately 767% between the Hudson and
Chesapeake spawning stocks and approximately 73% between the Hudson,
Chesapeake and Roanoke stocks. The three characters providing this separa-
tion were, in order of importance, ratio snout length/internostril width,
first annulus to second annulus distance/focus to first annulus distance
ratio, and number of lateral=line scales. Their biochemical analysis
demonstrated that the isoenzyme isocitrate dehydrogenase was fixed in the
Hudson River specimens, that an isocitrate dehydrogenase allele (A) was
found in Roanoke bass and not Hudson or Chesapeake specimens, and that
both isocitrate dehydrogenase and alpha-glycerophosphate dehydrogenase
showed a north-south clinal trend. When these biochemical data were added
to discriminant analysis, the overall correct classification between
estuaries increased one to two percent. Both Otto (1975) and Grove et al.
(1976) agree that the biochemical gemetic structure of striped bass is one
of the most homogeneous (heterozygoticity of 957%) among teleosts studied,

Using only morphometric and meristic characters in discriminant analy-
sis, Berggren and Lieberman (1978) correctly classified approximately 75%
of specimens from Hudson River, Chesapeake Bay system and Roanoke River
samples (1975 adults from natal rivers in these estuaries). The five
characters they used, in order of importance, were ratio snout length/
internostril width, scale ratio of first to second annulus/focus to first
annulus, character index (as defined by Raney and de Sylva, 1953), upper
arm gill raker counts, and lateral-line scale counts. These functions
were then used on specimens collected from a 1975 oceanic sampling program
(N = 2737) from Cape Hatteras, North Carolina, to Maine) to determine the
contribution from Hudson, Chesapeake and Roanoke spawning stocks to the
coastal fishery. Their analysis classified 77Z of the coastal specimens
as Chesapeake in origin. Separation of specimens into river populations
within the Chesapeake system was not successful (Grove et al., 1976;
Berggren and Lieberman, 1978),

Bryant and Seibel (1971) described tubulogenesis in striped bass
mesonephros from 8 weeks to 7 years of age from freshwater impoundments.
They suggested that changes in aglomerular tubules at two years of age
probably reflected the confinement to freshwater. Beitch (1963) studied
the urinary system to discover structures of this osmoregulatory device
which might enable survival in enviromments of differing salinities. He
found a distal tubular segment, usually present in freshwater fishes, was
absent, possibly suggesting marine origin. The glomerule of a freshwater
bass(55.7 p) was found to be larger than that of a sea water captured

striped bass (47.7 u).

Protein specificity

Striped bass was one of the 30 species examined by Markert and
Faulhaber (1965) to determine the variability of lactate dehydrogenase
(LDH) isoenzyme patterns found in fish. They found that the bass showed
three major isoenzymes (bands), no minor isoenzymes and relative migration
of 0.32-0.81. A total of 31 proteins was observed in electropherograms of
Chesapeake Bay striped bass serum (Morgan, Koo and Krantz, 1973). Striped
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bass transferrins are polymorphic and albumins are monomorphic (Morgan,
i971). However, Sidell et al. (1980) found that the transferrins are mono-
morphic. Three serum transferrin phenotypes of Hudson River bass are
described by Hiltrom (1974).

Grove et al. (1976) analyzed serum, liver, and muscle tissue using
standard starch gel electrophoresis for all protein characters useful in
discriminating spawning stocks. They examined 44 protein systems, includ-
ing 16 serum proteins and hemoglobins. The additional 28 enzyme systems
involved 52 loci of which only two were polymorphic: alpha-glycero-
phosphate dehydrogenase (AGPDH-1), and isocitrate dehydrogenase (IDH or
ICDH-1). In addition to these two, Otto (1975) found that esterase (EST-4)
was polymorphic (28 loci analyzed). Otto found variation for two loci of
phosphoglucomutase (PGM-1 and 3), but the gene frequencies for the variant
alleles were less than 1% in each.

Morgan (1975) distinguished larval striped bass (2 major bands) from
larval white perch (3 major bands) using column acrylamide electrophoresis
of the soluble muscle proteins. Sidell et al. (1978) distinguished larvae
of these two species using starch gel electrophoresis and stains for
specific enzyme systems. They found that the esterase (either e-napthyl-
acetate or a—napthyl-butyrate) and phosphoglucomutase enzyme systems showed
clear and consistent differences between the two species.

Ageing

The counting of annuli on the scales of striped bass is almost ex-
clusively the method used for age deterunnations. The area of most
symmetrical scales giving values for calculated length most nearly
approaching the average of values from extreme body areas is that between
the first and second dorsals on the second and third row above the lateral
line (Tiller, 1942; Merriman, 1941). Orsi (1970) compared scales,
otoliths and operculae in ageing striped bass and proposed continued use
of scales primarily due to ease of handling in field collection.

Annulus formation occurs from April - June throughout the range. It
occurs earlier in the southern areas and later in northern areas of the
range.

Osteology

Excellent figures of the skull have been provided by Gregory (1918,
1933). The trunk skeleton was described in fine detail by Merriman (1940).
Both of these authors provided the terminology used in later studies.
Starks (1901) used the skeleton (including detailed skull) to illustrate
the synonymy of the fish skeleton. Woolcott (1957) presented a detailed
comparison of the osteology of members of the genus Roccus (Table 1).
Degens et al. (1969) described the structure of otoliths from striped bass
including the amino acid distribution. Daily growth rings have been re-
ported in otoliths from 15 month old (Brothers et al., 1976) and 6 day old
(Radtke, 1978) striped bass.
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Frehofer (1960) illustrated the structure of Ramus lateralis system
in striped bass beginning at the orbital cavity through branching of acces-~
sories I to II and inervation of pectoral and pelvic fins. His illustration
is provided against background osteology.

Blood

Hematological values reported for juvenile and adult striped bass
include hemoglobin values of 4.0-12.3 g/100 ml (Engel and Davis, 1964;
Courtois, 1974; Westin, 1978); hematocrit values of 16-70% packed cells
(Engel and Davis, 1964; Courtois, 1974; Westin, 1978); erythrocyte counts
of 3.12-5.63 x 106/cc (Engel and Davis, 1964) and 2.86 to 4.49 x 106/cc
(Wéstin, 1978). Belinsky* has recorded erythrocyte counts of 0.83-3.96 x
106/cc and leucocyte counts of 7-10 x 103/cc from yearling bass. He de-
termined that lymphocytes accounted for 38-887% and neutrophils for 12-62%
of the differential leucocyte count.

Plasma protein levels of 4.2-7.4 gZ (Courtols, 1974) and 3.8-13.0 g/100
ml (Courtois, 1974; Westin, 1978) have been reported using both refractive
indices and chemical methods of determination and total serum protein
values using chemical methods of 3.67-8.32 g% (Westin, 1978). Serum cal-
cium levels were reported as 9.5-15+ mgZ (Courtois, 1974) and 4.5-18.8 mg?
(Westin, 1978). Courtois (1974) reported values of 120-184 mEq/l serum
sodium and 0.4-5.10 mEq/l serum potassium for juvenile and adult bass.
Serum chloride values of 80-~186 mEq/l were reported by Westin (1978) for
adults. Hunn and Robinson (1966) determined plasma cholesterol to be
750 mg/100 ml (n=1), while gall bladder bile cholesterol values ranged from
1,190~ 1,450 mg/100 m1 (n=4).

Chadwick (1968) investigated blood lactic acid levels in netted adult
striped bass. He found mean values of 630 mg/l and 1170 mg/l1 for those in
good and poor condition, respectively.

Janssen and Meyers (1967) described an antigen against beef heart
muscle present in striped bass serum but absent in white perch serum.

Hybridization

Artifically fertilized hybrids of striped bass have been successful
since 1965 with crosses of striped bass females and white bass (M.
chrysops) males at Moncks Cormer, South Carolina (Stevens, 1966), and
striped bass females and white perch (M. americana) males in North Carolina
(Smith et al., 1967). Poorer survival generally results when striped bass
males, rather than females, are used in the crosses. Bayless (1968) found
backcrosses of artifically fertilized hybrid striped bass x white bass
males and striped bass females successful, but poor survival of white bass
females and striped bass x white bass males. Bishop (1968) reported

*Peter Belinsky, Animal Pathology, Marine Pathology Laboratory, University
of Rhode Island, Kingston, RI. 02881.
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TABLE 3. MERISTIC CHARACTERISTICS OF STRIPED BASS AND STRIPED BASS HYBRIDS™

Characteristics

Striped bass

Striped bass X White perch

Striped bass X White bass

Dorsal fins
D, spines
D, fin ray mode
D2 fin ray mean

Anal fin
spines
mode of rays (mean)
Lateral-line scales
range
mean
Caudal fin rays

Pelvic fin spines § rays

Pectoral fin rays
mode (mean)

Tooth patches on tongue

Ratio body length to
body depth

separate
1
11-12

§7-61
§9.70

17

3.2:1

connected
0-2
12
11.97

2-4

10-11 (10.54)

47-54
50.00

17

I, §

17 (16.85)

0-2

2.4:1

separate

0-2
13
12.58

2-4
11 (10.96)

56-63
58.67
17

I, S

16 (16.10)

1-2

2.7:1

staken fiom Bishop (1968) and Kerby (1972)
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SECTION 6

DISTRIBUTION AND MIGRATION

DISTRIBUTION

The striped bass is an anadromous species occurring naturally along
the Atlantic and Gulf coasts of North America (Fig. 2 ). It ranges from
the St. Lawrence River and southern Gulf of St. Lawrence (Leim and Scott,
1968) to the St. Johns River, Florida (Merriman, 1941), and from the
Appalachicola River, Florida, to the Alabama River, Alabama (Brown, 1965).
In 1870 and 1882 striped bass were introduced into San Francisco Bay on
the Pacific coast of North America (Mason, 1882). Their range is now from
Los Angeles, California, to Barkley Sound, British Columbia (Scofield,
1931; Forrester et al., 1972).

Striped bass have been established in inland freshwaters by introduc-
tion or by damming rivers (Fig. 2 ). Within the United States, areas with
reproducing populations are Millerton Lake, California; Kentucky Lake,
Kentucky~-Tennessee; Kerr Reservoir, North Carolina; the Santee-Cooper
Reservoir, South Carolina; and lower Colorado River, Arizona-California-
Nevada. Areas of introduction with no evidence to date of reproducing
stocks include freshwater ponds, lakes, rivers or reservoirs in Alabama,
Arizona, Arkansas, Colorado, Florida, Georgia, Indiana, Kansas, Kentucky,
Louisiana, Mississippi, Missouri, New Mexico, North Carolina, Oklahoma,
Pennsylvania, South Carolina, Tennessee, Texas, and West Virginia (Bailey,
1975). Outside the United States, striped bass have been shipped to Portu-
gal, the USSR (Stevens, 1966), and France (Delor, 1973).

MIGRATION

Local Movements

Local movements of larvae, juveniles and yearlings have been well
documented in areas of proposed power plants (Hudson River, Chesapeake-
Delaware Canal and Potomac River) or pump storage and canal diversions
(Sacramento-San Joaquin River valley). In general, examples from Hudson
River studies will be used to summarize these movements (McFadden, 1977a).
Yolk-sac larvae are essentially planktonic, but appear to concentrate
near the bottom at night and disperse somewhat during the day. Post-yolk
sac larvae are capable of resisting currents and making more directed
movements. Larvae appear to congregate near the bottom regardless of
time of day and current conditions. This orientation appears to intensify
as larvae approach juvenile stages. Juvenile bass are first collected in
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Figure 2. Distribution of striped bass along the coast (stippled area) of North America and

within freshwater areas of the United States (¥ =stocked; ®=reproducing).




mid-June to early July, depending on time of spawning, from waters deeper
than 6 meters. As water temperature increases, the juveniles migrate to
shoal and shore zone areas. Falling water temperatures bring net downstream
movement so that by December juveniles are generally absent from the shore
zone, having either left the estuary or moved into deeper water for winter.
Apparently, the abundance of juveniles in local areas is related to tempera-
ture, salinity, habitat type, diel patterns, and tidal stage. Comparisons
of day/night beach seine catches in the Hudson River suggested movement

into shore zone at night, probably to feed or escape predation. Yearlings
are found in deep water areas in early spring, throughout the estuary by
summer. With falling water temperature, they move into deeper water and
downstream. Yearlings generally exhibit the same day/night pattern as
juveniles, but appear less influenced by tidal fluctuations.

The migratory behavior of bass age II and over has generally been
described from tagging study results. Some of these are summarized
in Table 4 and are described in more detail below with other studies
showing coastal migration patterns. Some segregation by size or age is
evident from tagging studies. For example, investigators studying the
Chesapeake Bay system seem to agree that most bass less than 30 cm (or
about age III) remain within the Bay, while those over this size (age)
migrate out into the coastal waters. There are also seasonal changes in
migration patterns from local to coastal areas. Utilizing tag return
data of the American Littoral Society and the Schaefer Saltwater Fishing
Contest for bass 15 pounds (i.e., 8.6 kg; or about 80 cm FL, Table 29; or
age VII-IX, Table 30) and over, Freeman (1977) concluded that there were
three general groupings within the east coast distribution of this species.
These are a southern (south Cape Hatteras) and a northern (north of Nova
Scotia) fluviatile, and the Middle Atlantic migratory (morth of Cape
Hatteras and south of Nova Scotia) group.

Within the southern fluviatile group, tagging studies indicate that
the migration patterns favor movement within localized areas. Scruggs
and Fuller (1955) reported tagging 545 adult striped bass in the Tailrace
Canal of the Santee-Cooper Reservoirs, South Carolina. Nine were )
recaptured during the ensuing four-month period, seven came from down-
stream locations in the Cooper River and two from the lower reservoir.
They postulated on the basis of the latter two recaptures that there was
occasionally some recruitment of bass from the Cooper River to the
reservoir population.

Tagging of striped bass during 1968-70 in the Ogeechee and Savannah
Rivers, Georgia, was reported by Smith (1970). In the Ogeechee River, 426
bass were tagged during the period and 103 were recovered. Of the
recoveries, 25 were from upstream points and 78 were from estuarine areas
of the river. A total of 259 bass were tagged in the Savannah River. Of
the 43 returns, 17 came from upstream and 26 from estuarine areas. There
appeared to be a general upstream movement of striped bass during the spring
in both rivers just prior to spawning seasomn. One bass tagged in the
Savannah River system was recovered in the Ogeecheee. But (as Smith
states) it is not known whether this bass traveled laterally between the
two river systems or returned to sea to enter the Ogeechee River system
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TABLE 4. SUMMARY OF TAGGING STUDIES INVOLVING AGE 2+ STRIPED BASS IN THE
HUDSON, CHESAPEAKE, AND SAN JOAQUIN ESTUARIES
Area of Tagging - - - -
(or location of Number Percent Recapture Remarks Source
. . Tagged Return
information)
Great South Bay, 1,917 14.7 63% Great South Bay, lludson River § eastern L.I.S.; Alperin (19664 )
L.I., NY, 26% N.J. to Va.; 11% Conn. to Maine.
Great South Beach, S80 11.6 52% South Shore L.I.; 16% R.I. § Mass.; 16% N.J. Schaefer (1968b)
L.1,, N.Y. to Va,
Westhampton, 178 28,1 54% Hudson § L.I1.S.; 34% N.J. to Va.; 10% R.1. § Schaefer (1968b)
L.I., N.Y, Mass.
lludson River 149 11.4 71% Hudson River § western L.I.S.; 18% South Shore Texas Instruments (1974a)
L.T.; 11% Mass.
Potomac River & 2,869 42.1 97.5% within Cheasapake Bay; 2.5% Del. to Mass.; Vladykov and Wallace
north, & James River James River least migratory (1952)
Potomac River & 1,103 38.0 1% outside Chesapeake Bay; seasonal movements. Mansueti (1961)
north
Potomac River 8,973 37.3 98% within Md. Chesapeake Bay; 1.5% Del. to Nova Nichols and Miller
Scotia; seasonal movements; overvintering areca for (1967)
York, Rappahannock and eastern shore rivers.
Upper Chesapeake Bay 1,762 40.9 most within Upper Bay Moore and Burton (1975)
York, Rappahannock 2,429 27.8 94% within river tagged; 10 York tagged to Del. Massman and Pacheco
§ James Rivers to Maine; 1 each tagged York § James to N.C. (1961)
Sacramento- 2,800 - migrate into upper Suisan Bay to spawn and over- Calhoun (1952)
San Joaquin Rivers winter; moved into San Francisco Bay summer feeding.
18,300 - 3-4 yr, olds remained in San Francisco Bay; Chadwick (1967)
general pattern as Calhoun (1952)
7,400 - larger bass went to sea during summer and fall; Orsi (1971)

immature in freshwaters,




later. Dudley et al. (1977) tracked 33 adult bass in the Savannah River
during 1973, 1974 and 1975. They observed post-spawning movement upstream
as far as 301 km from spawning areas (about 30 km upstream from the river's
mouth), where the fish remained at least four months.

The migration behavior of the northern fluviatile group does not appear
to be as uniformly localized as that of the southern group. Vladykov (1957)
reported results of tagging in Quebec waters from 1945-1956. He observed
that maximum travel of striped bass within the St. Lawrence River did not
exceed 290 km. Williamson (1974) tagged 27 bass in the St. John River of
which six were recaptured in Belleisle Bay, north of the tagging site, and
one in Rhode Island waters. This latter bass traveled about 12 km/day before
being captured. He concluded that the southern contribution to the Bay of
Fundy stocks (northern fluviatile) was probably small except in years cf
strong year-classes. Dadswell (1976) reviewed additional tagging studies
of St. John River bass. From 1964 through 1975, 280 bass were tagged
(including Williamson's 27) in the St. John River. Many of these were
recovered within the river, but some were recovered from Massachusetts,
New York, New Jersey, Delaware and Maryland waters. In general (Dadswell,
1976), the bass tagged within the upper reaches of the St. John River
remained within the estuary, while those tagged in the lower estuary were
recovered there or south along the Atlantic coast. Thus, it appears that
the northern stocks mix more frequently with the stocks within the Middle
Atlantic, or coastal, migratory group than do the southern stocks.

Coastal Movements

Merriman (1941) provided the first major study of the movement of
striped bass along the Atlantic coast. He tagged and released 2,573 bass
from April 1936 to November 1937 in Connecticut and Long Island waters.

By July 1938, 21% were recovered from local waters as well as waters from
Massachusetts to North Carolina. Merriman concluded from his studies that
there was a northern coastal migration in the spring, relatively stable
localized movement during the summer, and a southward coastal migration in
the fall and early winter.

Stolte (1974) reported on tag returns from a 1963 and a 1966 study of
461 bass released in Great Bay Estuary, New Hampshire. During 1963-1971,
66 of the tagged bass were recovered. One bass was recovered along the
southern Maine coast and four from within Chesapeake Bay. Others were
recovered within this area primarily from coastal waters, although several
were recovered within Long Island Sound and the Hudson River.

Raney et al. (1954) analyzed recapture (8.5%) data from a Schaefer-
Saltwater Sportsman supported tagging program from 1948 to 1952 in which
most of the 9,320 bass tagged were 45 cm or less in length. The bass tagged
in the Hudson River were found in the southern portion of the estuary and
in the western Long Island Sound area during the summer, while they
apparently spent the winter and spring in the river. Alperin (1966a)
summarized a tagging study conducted from 1956 to 1961 in Great South Bay
along the south shore of Suffolk County, New York. The 1,917 bass tagged
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were predominately ages two through four. Of the 281 recovered (14.77%),
63% were from Great South Bay and the Hudson River (eastern Long Island
Sound, New York Harbor and north), 1l% were from Connecticut, Rhode Island,
Massachusetts and Maine waters, and 26% were from New Jersey to Virginia
waters. Of the tags recovered from New York waters more came from

eastern rather than western Long Island waters.

Schaefer (1968b) reported on tagging studies made from Westhampton
Beach, Long Island, of 178 striped bass, from 1954 to 1956, and from Great
South Bay of 4,924 striped bass, from 1961 to 1964. The bass tagged in the
earlier study ranged from 30 to 60 cm FL, while over half from the latter
set were over 60 cm FL. The recovery rate for those tagged from Westhampton
Beach was 28.1%. Only 10% (5 bass) were recaptured north of New York (off
Rhode Island and Massachusetts) and 34% (17 bass) were taken south of New
York in New Jersey, Delaware, Maryland and Virginia waters. Of the 54Z
(27 bass) recovered from New York waters, more than half were taken from
the Hudson River. During the 1961 to 1964 study 9.9% of the bass under
60 cm were recaptured, more than 75% of these were from southern Long
Island waters, although one recovery was made from Maine and one from
Virginia. Of the 580 bass over 60 cm tagged at Great South Beach, 67 were
recaptured (11.6%) and again most (52.2%Z) of these were from south shore
Long Island waters. Most of the others were taken in the north from
Rhode Island and Massachusetts waters and in the south from New Jersey
waters (about 16% each region).

Clark (1968) analyzed 1959-1963 tagging and recapture data collected
by the League of Saltwater Sportsmen and found evidence of seasonal
movement patterns. The Hudson River was shown to be a major spawning
area and source of recruitment for bass of Long Island Sound and the
New York Bight. Only three of the 195 spring recaptures were taken in the
Chaesapeake Bay. Hence, he concluded that bass from Long Island Sound or
the New York Bight did not appear to migrate to the Chesapeake Bay to spawn.
However, 72 of the 75 winter recaptures were taken from south Jersey,
Delaware Bay and Chesapeake Bay, indicating probable over-wintering areas.
Most of the summer and fall recaptures were made from areas off the coasts
of Massachusetts and Rhode Island to New Jersey.

In a paper presented by de Sylva (Raney and Weller, 1972), the data on
309 bass collected during a 1967 to 1971 tagging program of the American
Littoral Society were presented. These striped bass were either tagged or
recaptured in New York waters. Those tagged along the north shore of
Suffolk County and along the south shore of Long Island from Staten Island
eastward appeared to be part of the coastal migratory stock since some
were recovered as far south as North Carolina, Virginia, Maryland, and
Delaware and as far north as Massachusetts. Six bass tagged in Maine were
also from this migratory stock and were recaptured along the eastern and
south shore of Long Island, and in Jamaica Bay. Raney and Weller suggest
that the Atlantic coast migratory stock originates in areas as far south
as North Carolina, moving north in the spring and south in the fall. This
migratory stock gemerally moves as far north as Maine and is the basis of
the Atlantic coast fishery for striped bass.
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Austin and Custer (1977) used American Littoral Society tagging data
for 1966-1972 to determine movements in Long Island Sound. From a total of
581 tag returns analysed, 231 bass had been tagged in the Sound but
recovered outside it. Of the 350 Sound recoveries, 87% had been tagged
within and 13% outside the Sound. They found most migration into and out of
the Sound occurred primarily at the eastern end during spring and fall,
respectively. They appear to have demonstrated an intra-sound fall migra-
tion pattern from the Connecticut to the Long Island shore before leaving
the area. Bass recovered outside the Sound were recaptured to the north in
waters of Massachusetts and to the south in North Carolina waters.

Tag returns of the American Littoral Society for 1971-1973 (reported
in the Underwater Naturalist, 7(4) to 8(3)) were analyzed by the authors.
Complete information was available for 874 tagged and recaptured striped
bass (23 to 91.5 cm) during this period. Tagging was concentrated from
Maine to New Jersey-Delaware, with recaptures from Maine to North Carolina.
One bass, only, was reported tagged and recaptured in each of three areas -
Canada, Thames River, Connecticut, and Georgia. Of the total tagged, 447
were in the Long Island Sound area, 13% were in the Staten Island area, 12%
in Maine, 8.7% in Massachusetts waters, 7% along the south shore of
Long Island and also New Jersey-Delaware waters, 5.5%Z in Rhode Island waters,
and 1.5%Z in the Hudson River. Locations of the recaptures showed a general
southerly shift. That is, 20% were recovered in Maryland-Virginia waters,
23% along the south shore of Long Island, 21Z in Long Island Sound, 147% in
New Jersey-Delaware waters, 6.3%Z in Maine waters, 4% in both Massachusetts
and Rhode Island waters, 2.5% off Staten Island, 1.5% in the Hudson River,
and 1% in North Carolina waters. The bass recovered in North Carolina
waters came from Maine (1), Massachusetts (1), Rhode Island (1), Long
Island Sound (6), and south shore (1) Long Island waters. Bass recaptured
in the Hudson were tagged in Staten Island waters (6), Long Island Sound
(3), and in Hudson River (4) waters. Of the bass tagged in the Hudson
(13), four were recaptured in the Hudson, three at the mouth of the
Hudson River, one each in Jamaica Bay and Great South Bay, three in Long
Island Sound waters, and one in the Chesapeake Bay. This Hudson to
Chesapeake Bay migrator was tagged in August and recovered in July of
the following year. The recoveries in Maine came from Long Island
Sound (2), south shore of Long Island (1), Staten Island (1), and from
Maine (51) tagged bass. Of those tagged in the Staten Island area, 377%
were recovered in Maryland-Virginia waters, 33%Z in New Jersey-Delaware
waters, 17% in the Staten Island area, 5Z up the Hudson River, and 0.9%

(or one bass each) in Maine and Rhode Island waters.

Texas Instruments (1974a) reported on tagging returns of 592 bass 100
to 400+ mm TL released in the Hudson River during the winter and spring of
1972-1973. Only 17 of the 149 over 400 mm were recovered. The majority
were recaptured within the Hudson River or western Long Island Sound, and
five were recovered outside this area (two off Massachusetts and three off
the south shore of Long Island).

Tagging of striped bass in southern New Jersey rivers was reported by

Hamer (1971) for the period 1955 to 1970. The bass tagged were only those
found in New Jersey waters for a specific reason, i.e., they were not
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transient bass. During 1955 to 1959, 111 wintering adult bass were tagged
in the Mullica and Great Egg Harbor Rivers. The recoveries (15%) indicated
that these bass migrated north into southern New England waters and returned.
Spawning bass were tagged in the Maurice River from 1959 to 1970. There
were 46.5% returns of these tagged bass, 24.9% from Delaware Bay and other
of its tributaries, 12.5% from the Maurice River, and 4.5% from the Chesa-
peake Bay and its tributaries. Juvenile bass were tagged during this period
in the Delaware River, with tag returns, although low, resembling that

found from the Maurice River tagging.

Koo and Wilson (1972) reported on sonic tracking of 5 adult bass
released in the Chesapeake and Delaware Canal during April and May, 1971.
None of the bass tracked moved continuously and often the rest period was
observed to be lengthy. One spent female tracked was noted to be more
active at night than during the day. This behavior was not detected in
the prespawning bass tracked.

Striped bass tagging in the Chesapeake Bay area began in 1931 when
Pearson (1933) tagged 305 bass during July and August. Eighty-six were
recaptured in the next twelve months and only nine of these were taken
south of the Severn River, Maryland, the release point. To get a more
complete picture over 1500 bass were tagged over a period from October
1936 to June 1937. Vladykov and Wallace (1938) reported the results of the
632 recaptures made in the nine months after tagging. This was about 427%
return with 97.5% made within the Chesapeake Bay. Only eighteen bass
(less than 2.5%) were taken outside the Bay and these were recaptured from
February through October of 1937, from Delaware (1), New Jersey (3),
Connecticut (3), Rhode Island (6) and Massachusetts (5). Vladykov and
Wallace did not find a single recapture south of Chesapeake Bay. These
authors tend to support Merriman's (1937, 1941) belief that the coastal
migratory stock of striped bass is made up primarily of fish over three
years old (1934 year-class of 1936-1937 tagging). But they did not believe
that the striped bass of the Chesapeake Bay was the major comntributor to
this migratory stock. They felt the greater part of the Chesapeake Bay
population did not move out into other bodies of water. Vladykov and
Wallace also found, from tagging dome in the James River, an indication of
a distinct, evidently non-migratory, "school" of striped bass within the
James River.

Tagging results reported by Mansueti (1961) indicated seasonal move-
ments of striped bass in the Upper Chesapeake Bay similar to those outlined
by Vladykov and Wallace (1938). Mansueti found that the recaptured (38%)
bass tagged during 1957-58 remained in the upper part of Chesapeake Bay
(Potomac and north), generally migrating into deeper waters during autumn
for the winter, upstream with spring and returning to shallow bay waters
during summer. He reported less than one percent of bass tagged were taken
outside the Bay and only two were recaptured in the Virginia part of the
Bay. These findings support the idea that two-three year old bass contri-
bute little to the coastal migratory stock.

Nichols and Miller (1967) reported on a 1959-1961 tagging study during
which 8,973 striped bass were tagged and released in the Potomac River and
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3,345 of these were recaptured. Of the recaptures, 987 were taken in the
Maryland part of the Chesapeake, only 0.5% (17 bass) were taken in the
Virginia portion of the Bay, and 1.5% (52 bass) were taken outside the Bay

in the Atlantic from Delaware to Nova Scotia. They include data on miles
traveled and days at large for these bass. Nichols and Miller concluded

that striped bass returned to the same spawning area in successive years, and
that the Potomac River was a significant contributor to the coastal migratory
stocks.

During the fall of 1972, striped bass 28-32 cm TL were tagged and
released in the upper Chesapeake Bay. Of the 1,762 bass released, 721
(40.9%) were reported recovered (Moore and Burton, 1975). The majority of
these were taken during the following winter months in deep water north of
the release site. Bass recaptured during early spring were taken in the
upper portions of most rivers within the Chesapeake Bay system. Six bass
were recaptured outside the Chesapeake Bay.

A tagging program was initiated in 1957 to determine striped bass
movements within the Virginia portion of Chesapeake Bay. During 1957-1958,
Massmann and Pacheco (1961) reported 2,429 striped bass were tagged and
released in the Rappahannock, York and James Rivers. Of these, 675 were
recaptured and of this lot, 94% were taken in the same river system in
which they were tagged. Twelve bass were recaptured outside the Chesapeake
Bay. Of these, ten were from the York River taken from Delaware to Maine
and one each from the York and James Rivers were taken in North Carolina
waters. The James River striped bass, according to this study, moved the
least of the bass from the three tagging rivers. Massmann and Pacheco
suggest, as did Merriman (1941), that bass under 30 cm long do not contri-
bute to the coastal migratory stock, but that bass over 30 cm move into the
Chesapeake Bay and out along the Atlantic coast.

One study of possible migration of striped bass from North Carolina
waters is Trent and Hassler (1968). They collected about 5,000 bass from
the Roanoke River in the spring of 1963, 1964, and 1965. They did not
report finding any striped bass tagged in northern waters. They concluded
that the migratory population in the Roanoke River is composed of sexually
mature bass. They feel that the population is relatively restricted to
the Albemarle Sound region and possibly adjacent coastal waters. This
conclusion is supported by Chapotan and Sykes' (1961) summary of tagging
done from 1955 to 1959 by the United States Fish and Wildlife Service
along the North Carolina coast, in Albemarle Sound, and in Chesapeake
Bay. Of the 79 tagged on the North Carolina coast in 1956 and 1958, five
were recaptured near the tag site, two were taken in Albemarle Sound, eight
were recaptured in the Chesapeake Bay prior to and during spawning seasons,
and four were taken on the Atlantic coast after the spawning season. Of
the 97 bass tagged in Albemarle Sound and the Roanoke River from 1955
to 1958, five were recaptured near the tagging site, one in the Roanoke
River; 16 in the Sound prior to and during the spawning season, and only
one bass was taken after spawning season along the northern Atlantic coast.
During the study period 206 striped bass were tagged in Chesapeake Bay
tributaries and 27 were recaptured. Of the returns 12 were recovered
within the Bay system, 14 were taken along the Atlantic coast, from New
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Jersey to Massachusetts after the spawning season, and one was recaptured
south of the Bay along the coast after the spawning season.

During 1968-1971 a total of 1,752 striped bass was tagged and released
along the coast of North Carolina north and south of Cape Hatteras, with 197
returned by the end of 1971 (Holland and Yelverton, 1973) . These returns
indicated that three groups of bass over-winter off North Carolina. One
group, mostly smaller bass, entered Pamlico and Albemarle Sounds in the
spring and summer, the second, of mixed sizes, moved into Chesapeake Bay
in the spring, and the third, of predominantely larger bass, moved north-
ward during spring and summer into waters off New Jersey to Maine. It
thus appears that striped bass within Albemarle Sound tend to remain there,
migrating up the tributaries to spawn, while the bass along the North
Carolina coast outside tend to participate in coastal migrations as far
north as Maine.

In 1879 and 1882 a total of 435 juvenile striped bass were shipped
from New Jersey waters and planted in San Francisco Bay. The first compre-
hensive study made of this stock of striped bass introduced to the west
coast was that by Scofield (1931). At this time there were no tagging
studies underway or initiated, therefore Scofield's conclusions were based
on ecological studies only. He found a single population of bass, spawning
in San Francisco Bay, which migrated along the entire California coast;
that is, he distinguished them from the increasing numbers of striped bass
found since 1918 in Coos Bay, Oregon. Scofield also reported that two bass
had been observed in the Columbia River, 600 miles north of the Golden
Gate Bridge. The only other report of the occurrence of striped bass
north of Oregon was by Forrester et al. (1972). They reported the finding
of two striped bass captured in British Columbia waters. One was caught
in Barkley Sound and one off Port San Juan, Vancouver Island.

Tagging striped bass from California began in the early 1930's
(Clark, 1934) and was limited essentially to fish three years old and
less. These bass were not found to undertake definite and extended
migrations (see Table 4). In 1952, Calhoun reported on results of a
tag and recapture study carried out from 1947 to 1951 on over 2,800 striped
bass, mostly 51 to 89 cm FL. Calhoun's report encompassed the yearly
migration of striped bass into the upper delta and tributaries above Suisun
Bay to spawn in early spring and in late fall for winter. Bass moved out
into the Bay during late spring on their summer feeding migrations. Rado-
vich (1963) concluded that the seaward migration of striped bass from San
Francisco Bay waters was a function of coastal temperature, which might in
turn effect food organism abundance. He found a positive relationship
between coastal sea temperatures and seaward migration in the striped bass.

Chadwick (1967) described migration of striped bass in the Sacramento-
San Joaquin River system, the two major tributaries to San Francisco Bay,
based on tag returns from 18,300 bass from 1958 through 1964. In general,
large mature bass migrated downstream farther than the smaller adults, and
most three to four year olds remained in the Bay area during spawning
season. The migration pattern from this period was found to be similar to
that reported by Calhoun (1952), but with two main differences. First, in the
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late 1950's and early 1960's, the bass migrated farther downstream and
stayed there longer than the early 1950's study revealed. Second, Chadwick
found a shift from the San Joaquin to the Sacramento side of the delta,
perhaps indicating an increase in the importance of the Sacramento River as
a spawning area. Chadwick (1967) found that the correlation of ocean
temperature and seaward migrations of striped bass as reported by Radovich
(1963) did not adequately explain migration variations between 1958 and 1964.

During a 1965-1966 study in the Sacramento-San Joaquin River system
over 7,400 bass, mostly mature, were tagged (Orsi, 1971). The migration
pattern reported by Orsi was generally the same as that for 1958 to 1961,
but showed no return to the pattern observed in the early 1950's. Only
medium-sized and large fish went to sea, and then only during the summer
and fall. The only bass common in freshwater during the summer were
immature ones. The major differences Orsi found from Chadwick's study were
a shift from San Francisco Bay to San Pablo Bay during the winter, a
downstream movement of small to medium-sized bass into San Francisco Bay
during the fall, a shorter residence time in the ocean during the summer,
and a reduced oceanic range. Orsi felt that there seemed to be more
influence on migration by bass length (age) than sex.

At the same time tagging began in Califormia, a program was initiated
in Oregon as reported by Morgan and Gerlach (1950) . The majority of the
374 bass tagged from April to October 1950 were 51 cm. There were 49
bass recovered and, unlike the east coast and Califormia studies, none
were recaptured in the ocean. Their observations indicated that there
were two migrations of bass within Coos Bay - an upstream spawning migration
in the spring and a migration in the fall into the downstream sloughs.

Coastal migration appears, in general, to be undertaken by post-
spawning striped bass of age IIl or over from the Chesapeake tributaries,
Roanoke River and Albemarle Sound, supplemented in the Middle Atlantic and
southern New England waters by bass from the Delaware and Hudson Rivers.
The impressions stated by Merriman (1937, 1941) that the migrations of bass
have a maximum size and intensity along New England and Long Island
shores, and that the northerly spring movement is augmented by bass that
have wintered farther north, appear to be supported by the more recent
studies. Present indications are that bass from Albemarle Sound do not
participate in the long coastal migrations of the bass from northern
waters, although those off Cape Hatteras, North Carolina, may participate.
Bass form South Carolina, Georgia, and Florida waters, as well as from the
Gulf Coast appear to have foregome coastal migrations in favor of the
fresh and brackish waters of their 'home' rivers. The Pacific Coast
striped bass migrate extensively, but generally remain within San Francisco
Bay and its tributaries. Coastal migrations of the nature seen on the
Atlantic coast are not evident from tag returns along the Pacific coast.
Another difference between Atlantic and Pacific striped bass is the
direction of movement in the fall. Generally, this is into deeper, more
saline waters on the Atlantic, but into the brackish-to-fresh waters of the
San Joaquin Delta.
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SECTION 7

MATERIALS AND METHODS

GENERAL FORMAT
The recommended culture procedures are presented by life history stage.

Each stage's section includes its description, natural habitat, and
environmental requirements (including biological optima) by way of intro-

duction to the culture methodology recommendations. The procedures recom-
mended are based in part upon data available from the literature and in
part from work performed during this study.

The life history of the striped bass has been broken into four stages:
embryo, larva, juvenile and sub-adult, and adult. A general description of
each stage 1is:

embryo = spawning and fertilization to hatching;

larva including prolarva = hatching to yolk-absorption and feeding;

post larva = yolk absorption and feeding to metamorphosis;

juvenile and subadult = metamorphosis to maturity;

adult = maturity to death, including spawning.

For each stage information is organized and presented as follows in each
section:

Description of Stage
Natural Habitat
Environmental Requirements

Abiotic factors
Biotic factors

Culture Methodology
Capture methods
Post-capture handling

Transportation
Handling procedures
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Maintenance procedures

Culture vessels

Stocking density
Maintaining water quality
Diet

Normal conditions and physiological state,

No matter how one tries to separate each stage, there is some overlap

since an individual does not grow in distinct stages, but makes a smooth
transition from one to the next. For example, given the general description
above, the natural habitat of a newly spawned and fertilized egg would be
described twice ~ once from the viewpoint of the egg and again when dis-
cussing spawning adults. For clarity these areas of overlap are described
in one section and the reader is referred to this description as necessary.

SOURCE OF MATERIAL

The data on the striped bass life history stages used to formulate
the culture methods recommended in this report came from published reports
and from studies we performed. The source of live striped bass of the

various stages used for our studies was as follows:
Where stage was

Stage Source of Stage studied
Eggs 1974-1977 Moncks Cormer, S.C. 1977 {n S.C., 1974~
(during spawning hatchery 1977 in R.I.
sSeason)
1974<1977 Verplank, N.Y., 1975 4in N.Y., 1976~
hatchery 1977 in R.I.
1974-1976 Nanticoke River, Md. 1974-1975 in Md.,
1976 in R.I.
Larvae 1974-1977 Moncks Cormer, S.C., 1974-1977 in R.I.
(generally taken hatchery
from hatching eggs
on hand) 1974-1977 Verplank, N.Y., 1974-1977 in R.I.

hatchery

1974-1976, Nanticoke River ,Md. 1974-1975 in Md.,
1975-1976 in R.I.

Juveniles 1974-1977 easterm shore rivers, R.I.
Md.
1974-1977 Budson River, N.Y. R.I.
1975-1978 from larvae R.I.
reared in lab

Sub—adults 1974 trap fishery in Md. R.I.
1976-1978 from juveniles R.I.

reared in lab
Adults 1973=1976 trap fishery inm R.I. R.I.

1975 gill-nected or rod caught R.I.
in R.I.

1976-1978 from juveniles and R.I.
subadults reared in lab
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The studies on eggs and larvae in the Hudson River, New York, and the Nan-
ticoke River, Maryland were performed in a mobile field trailer-laboratory
outfitted for this purpose. The studies on all life history stages in
Rhode Island were performed at the laboratory of the University of Rhode
Island's Marine Experiment Station on lower Pt. Judith Pond, Rhode Island.
The research procedures used in all of our studies followed the general
methods described below.

GENERAL RESEARCH PROCEDURES

All salinities were made up using filtered sea water from our flow
through system (28-30 o/oo). The filters used were 5 and 10 micron car-
tridge or polypropylene bag (GAF) filters. In the laboratory the source
of freshwater was dechlorinated tap water, while in the field the source
of freshwater was filtered (5 M bag) river water. . Juvenile, subadult and
adult bass populations were maintained in ambient flow through sea water
systems in the laboratory until used for feeding and metabolism studies.

A number of egg and larval studies were performed under constant
temperature regimes. Constant temperatures of 12, 15, 18, 21, 24, and in
some cases 27°C were maintained in test containers by keeping them
immersed in a temperature controlled water bath. Bath temperatures were
controlled using Haake 1000 watt heater thermo-regulators operating against
a cooling coil in each bath. Other studies were performed at ambient
sea water temperatures. Figure 3 shows average year-round ambient sea
waiter temperatures at the laboratory.

Water quality was monitored throughout these studies. Dissolved
oxygen was determined using a Yellow Springs Instruments Co. (YSI) dissolved
oxygen probe, supplemented periodically with determinations using the
azide-modification of the Winkler titration. The pH was measured using
an Orion pH electrode. Ammonia was determined using 2 micro-modification
(1/50th reductim in sample and reagents) of the indophenol technique of
Solorzano (1969). Salinity measurements were made using an American
Optical salinity refractometer. Conductivity measurements were made with
a Y.5.I. conductivity bridge and a one cm cell.

Caloric values of egg constituents, empty representative bass, two
diets and the feces produced by bass consuming each diet were determined
using a Parr adiabatic bomb calorimeter. Benzoic acid tablet standards
were run concurrently. Residue, or ash values were calculated from these
determinations. These were checked against ash values obtained directly
from igniting subsamples of material in a muffle furnace at 4502C for five
hours. Percent carbon, hydrogen and nitrogen content of larvae, two diets
and their feces was calculated from analysis performed on the EPA Narra-
gansett Laboratory's Carlo-Erda (model 1100) analyser.

Feeding larvae were supplied with newly hatched Artemia nauplii at
least twice a day in quantities sufficient so that a portion remained at
the next feeding. Artemia nauplii proved to be a satisfactory diet for
striped bass through the early juvenile stage. Juveniles and yearlings
were fed cut or ground squid or a moist diet described in the juvenile
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section. Sub-adults and adults were fed cut squid or menhaden.

Egg and larval sampling procedures and weight length measurement de-
terminations are described in Rogers (1978), Rogers et al. (1977), and
Rogers and Westin (1973). 1In the embryo and larval sections there are
areas where data is reported as 'typical'. This refers to one of two to
four replicates (or an average) of an experiment performed at different
times, often in different years.

Groups of juveniles (5-140 g wet weight) were used in experiments to
determine food consumption, feeding frequency, evacuation rates, oxygen
consumption, ammonia excretion, and growth. The bass used in these
studies were distributed into Frigid Unit fiberglass oval tanks (150 1)
according to their size (weight) so that the largest fish in a particular
tank was within 2.0 times the size of the smallest fish. Each tank was
supplied with aerated flowing filtered seawater (28-3G o/oo0) at a replacement
rate of about a liter per minute. The water temperature in each experiment
was recorded daily. The bass were weighed on day one and again at the end
of the experimental period. Although the fish were weighed separately,
the individuzl weights from a particular tank were combined to calculate
the group weight. When weighed, each fish was removed from the tank and
anesthetized using quinaldine (0,01 ml quinaldine to 1.0 liter water).

Each fish was then blotted dry and both the fork length and wet weight (to
the nearest 0.1 gram) were measured. The fish were returned to sea water
immediately after measuring. They were not fed on the day they were
weighed.

The primary food items chosen for use in feeding studies were obtained
commercially or made from commercially available materials. The fresh
frozen foods (squid and menhaden) were cut into pieces that were easily
eaten by the striped bass. The menhaden were headed before being used for
food. The bass were fed to satiation daily and the rations weighed to the
nearest gram. Evacuation rates were estimated from returns of colored
hobby store beads (2 mm diameter) put into food pieces prior to feeding.

The number of Beads consumed (uneaten portions were removed) was recorded.
As the beads were evacuated, they were collected in a sieve during the
siphoning of the bottom of the tank three times a day. The length of time
for the beads to evacuate was recorded in hours and the number of beads that
returned in each tank was calculated as a percent of the total. The percent
was plotted against time to evacuate and a graphic estimate was made. A
second estimation was made by transforming evacuation rates to probits and
hours to log scale. A linear regression of probits on time in hours was
then calculated for each group at each temperature period in which there
were four or more points from 10-90% returned.

The oxygen consumption measurements of bass over 200 g wet weight were
made Iin 70 liter tunnel respirometers, or in clean, darkened (covered)
500 liter fiberglass tanks. Tunnel respirometers (NMFS, Milford Laboratory)
were used to determine the oxygen consumption of bass 200 to 500 g wet
weight at 15°C and 19°C. The measurements in the tunnel respirometers were
made at velocities of 20 to 80 cm/sec using methods described by Freadman

45



(1978). Standard metabolism of each fish was estimated from this data by
extrapolating to 0 cm/sec. Oxygen consumption of bass > 500 g made in the
500 1 tanks and on those < 200 g were measurements of routine metabolism.
All routine metabolism measurements were made after two days acclimation for
two hour periods. Appropriate controls and initial oxygen levels were
measured. The initial oxygen levels were not less than 907 of saturation.
Oxygen levels were not allowed to fall below 55% of saturation during a
measurement period. In both types of respiration determinations, the bass
were starved for 24 to 36 hours prior to testing unless otherwise indicated.

Excretion was measured as ammonia-nitrogen in both freshwater (dechlor~
inated tap water) and seawater. Measurements were made concurrently with
respiration for those fish greater than 1000 g live weight. Other
determinations were made on individual fish independent of the respiration
measurements. All fish were starved 24-26 hours during the acclimacion
period before the initial measurements were taken. Additional measurements
were made daily thereafter. Food was withheld during these measurement
periods.

The data obtained from the initial and final weighings of each bass
group and the recorded amount of food consumed by the fish during the
experimental period were used to calculate the growth rate and zgross growth
efficiency of the groups of fish using the following formulas:

Weight Gain

Total Consumed-—x 100

Gross Grow%Q)Efficiency =

Final Dry Weight - Imitial Dry Weight,
Growth Rate - Initial Dry Weight X 100
(%Z per day) {# Test Days

These calculations of growth were either on a dry-dry or wet-wet weight basis.
This is indicated when the wvalues are given.

Some striped bass ovarian and muscle tissues were sampled for organo-
chloride concentration. The frozen samples were thawed and analysed in lots
of five plus reagent blanks using facilities in Dr. Charles Olney's
laboratory (URI). The thawed tissue was ground with sodium sulfate and
petroleum ether to extract the lipid material and the contaminants. Alumina
clean-up was used to remove the lipid material. Following clean-up, the
silicic acid separation methods described by Bidleman et al. (1978) was
used. The samples were analysed on a gas chromatography (Tracor MI-220) with
Nib3 electron capture detectors. The chromatograph had columns of 1.5%
OV-17 / 1.95%Z QF-1 and 4% SE-30/6% QF-1 and was operated at 200°C. The PCB
and DDT (DDD, DDE and DDT) dieldrin, and chloradane concentrations in the
tissues were calculated against appropriate reference standards.
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In addition to any background references given in each section, there
are a number of works with which we have assumed the reader is familiar.
These include the Fish Physiology series of eight volumes edited by W. S.
Hoar and D. J. Randall and Fish Nutrition edited by J. E. Halver. Two very
good reviews on nutrition requirements of fish have been assembled by the
National Research Council (1973, 1977) for their Nutrient Requirements of
Domestic Animals Series. Spotte (1979) provided an extensive background on
water quality control in closed-system rearing environments. In addition,
Amlacher (1970), Klontz (1973) and Kingsford (1975) were very useful in
dealing with tentative disease or problem diagnosis among our laboratory
populations.
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SECTION 8

RECOMMENDED CULTURE METHODS AND BIONOMICS: EMBRYO

DESCRIPTION OF STAGE

This stage emcompasses that portion of the striped bass life history
from spawning and fertilization to hatching.

Striped bass eggs are semibouyant with a large perivitelline space.
Diameters of fully water-hardened fertilized eggs measured live range from
1.25 to 4.50 mm. Figure 4 shows the range of chorion diameters from a number
of spawning areas. The areas consisting mainly of smaller diameter eggs
(Blackwater and Transquaking Rivers) have predominately higher salinities
(2-3 o/00) during the spawning season (Hollis, 1967). Albrecht (1964)
found egg specific gravity was related to egg size, i.e., smaller eggs
have a slightly higher specific gravity. He reported the average specific
gravity of striped bass eggs to be 1.0005, with a range of 10003 to 1.00065.

Each egg has one amber-colored oil globule, which has been noted to
fragment (Mansueti, 1958) and a single yolk. Yolk and oil diameters are
shown in Figure 4 for live water-hardened eggs.

The caloric content of striped bass eggs has been reported to be an
average of 8,031 cal/g (Rogers, 1978) and 8,070 cal/g (Eldridge et al., 1977).
The percent of whole egg dry weight that each constitute (namely choriom,
yolk, and oil) comprises is summarized in Table 5 from data given in Rogers
(1978). Eldridge et al. (1977) reported that their eggs averaged 2.21
calories per egg and contained oil of 9291 calories per gram. Carbon:
nitrogen determinations on groups of tenm whole unfertilized eggs revealed
approximately 7%Z nitrogen and 48% carbon (Rogers, 1978). During the course
of this study unfertilized eggs were obtained from 36 gravid females of
known length (and usually weight) from one of three locations. Dry weight
determinations were made on six to eight groups of 50 eggs from each female.
This data is presented in Table 6. It suggests that larger females
produce larger, or heavier, eggs.

The developmental stages of striped bass eggs are shown in Figure 5 .
The rate at which this development proceeds depends on temperature (Figure
6 ). The hatching time of eggs in relation to water temperatures is
sumarized in Table 7. The time to hatch was estimated by Rogers et al.
(1977) as

o
time to hatch (hours) = 258.5e-0+0934 (°C)
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Figure 4. Regional variation in striped bass egg dimensions; chorion,
yolk and oil diameters measured in live material from several locations
indicated by letters. Number to right refers to the number of eggs
measured from each location.

- Hudson River, hatchery 1975 (Rogers, 1978)

- Hudson River, hatchery 1976 (Rogers, 1978)

- Delaware River (Basoen, 1971)

- Blackwater River, Maryland, 1974 (Rogers, 1978)

- Transquaking River, Maryland, 1974 (Rogers, 1978)

Nanticoke River, Maryland, 1974 (Rogers, 1978)

- Choptank River, Maryland, 1975 (Rogers, 1978)

- South Carolina, Moncks Corner Hatchery, 1976 (Rogers, 1978)
- San Juaquin River, California, May 1962 (Albrecht, 1964)

- San Joaquin River, California, June 1962 (Albrecht, 1964)
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TABLE 5. SUMMARY OF THE ENERGY CONTENT OF UNFERTILIZED STRIPED BASS EGGS

Egg Component Mean percent of Calories per Calories per
whole egg mg dry weight 0.300 mg dry egg
dry weight

yolk (less ash) 36.48 (160) 5.75 (7) 0.63
0il (less ash) 51.68 10.89 (6) 1.69
chorion (less ash) 8.17 (160) 5.65% 0.14

ash 3.37 - -
whole egg 99.70 2.45
(calculated)

whole egg

(direct calorimetry) 100.00 2.41 (7)

+ Not measured directly in this study. Caloric value for protein were used
(Phillips, 1969) since the chorion is probably protein.

* Numbers in parenthesis refer to sample size. Mean percent oil of whole
egg was determined by subtraction.
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TABLE 6. RELATIONSHIP BETWEEN THE SIZE OF GRAVID STRIPED BASS FEMALES

AND THE DRY WEIGHT OF THE EGGS THEY PRODUCE (ROGERS, 1978)

Identification Fish Size Mean Egg Weight Range in Egg Weight Standard Deviation
Fork Length Weight per 100 Eags (mg/100 eggs)
{am) (kg) (mg)

New York, 1975

Roe S 88.7 9.75 31.40 30.8-32.6 0.0068
Roe 6 93.2 12.02 39.27 37.8-40.2 0.0086
Roe 7 89.5 7.26 29.90 28.6-31.8 0.0135
Roe 15 54.6 6.93 3N.97 30.0-31.8 0.0025
New York, 1976 115.0 15.20 25.60 25.0-26.4 0.0064
Maryland, 1975
4/25-1a 102.9 14.50 38.00 37.0-40.0 0.0119
35.67 33.2-36.8 0.0129
37.62 36.8-38.8 0.0076
4/25-1d 107.9 17.01 37.20 35.6-39.2 0.0132
36.83 36.4-37.6 0.0048
36.97 35.6-37.8 0.0078
4/28-2 84.5 8.39 34.63 32.4-36.4 0.0150
4 118.0 23.59 37.73 36.6-40.0 0.0127
7 89.4 8.98 28.23 22.2-38.4 0.0788
Maryland, 1976
A 99.0 15.88 46.60 45.8-47.6 0.0070
B 68.0 3.29 28.67 28.0-29.4 0.0048
0 98.0 14.06 40.03 39.4-40.5 0.0041
E 108.0 16.33 43.03 41.0-49.0 0.0257
F 108.0 11.34 37.13 36.4-37.6 0.0045
G 79.0 5.44 29.53 29.2-30.4 0.0048
30.47 29.6-31.0 0.0058
6 71.0 4.99 28.73 28.6-29.0 0.0016
9 64.0 3.29 19.96 19.0-20.6 0.0054
South Carolina, 1976
Roe 57 77.0 26.87 26.2-27.8 0.0059
Roe 58 67.0 22.35 21.8-23.1 0.0049 -
Roe 59 77.5 22.55 21.8-23.5 0.0061
Roe 60 74.0 20.00 19.2-20.6 0.0051
Roe 63 78.0 27.23 26.8-27.8 0.0039
Roe 54 74.0 20.47 19.4-21.2 0.0063
Roe 65 71.0 15.80 15.2-16.0 0.0028
Roe 66 71.0 23.03 22.6-23.4 0.0029
Roe 67 73.5 22.97 21.6-23.8 0.0082
Roe 68 72.0 22.43 21.8-23.2 0.0053
Roe 69 74.0 27.00 25.6-29.0 0.0125
Roe 70 71.0 26.60 26.2-27.0 0.0033
Roe 71 76.0 29.40 28.2-30.2 0.0075
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Figure 5.

K

Development of striped bass eggs at 18.8-20°C. (after Bayless, 1972)

fertilizated egg at 2 hours, note cleavage (20X)
5 hours (50X) G - 24 hours (50X)
10 hours (50X) - 28 hours (50X)
12 hours (50X) - 32 hours (50X)
18 hours, ventral view (50X) - 36 hours (50X)
- 21 hours (50X) - 44 hours, hatching (50X)
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Figure 6. The effect of incubation temperature on the time from fertilization to selected
developmental stages before and after hatching (Rogers et al., 1977).

- half of yolk enveloped by the blastoderm (Figure 5D)
-~ embryo extending over half of the yolk (Figure 5F)

- early tail development (Figure SH)

free tail bud (Figure 5I)

~ hatching (Figure 5K)

- development of eye pigmentation in the prolarva
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TABLE 7. HATCHING TIME OF STRIPED BASS EGGS IN RELATION TO WATER TEMPERATURES

Incubation Time  Water Temperature

(hours) °C) Location Author
28 26.67 N.C. Shannon and Smith (1967)
25.8 24.00 N.Y. Rogers et al. (1977)
28 23.89 N.C. Shannon and Smith (1967)
28.5 24,00 N.Y. Rogers et al. (1977)
30 23.33 N.C. Shannon and Smith (1967)
30 23.33 S.C. Bayless (1972)
30 21.7-22.2 N.C. Bigelow and Schroeder (1953)
30 21.7-22.2 - Merriman (1941)
33 21.11 S.C. Stevens (1965)
33 21.1 N.C. Regan et al. (1968)
34 21.11 N.C. Shannon and Smith (1967)
3s 22.22 S.C. Bayless (1972)
36 21.67 N.C. Worth (1884)
37 21.00 N.Y. Rogers et al. (1977)
36-48 17.22 N.C. MansuetI (1958)
38 19.4 N.C. Regan et al. (1968)
38 21.11 S.C. Bayless (1972)
40 20.00 S.C. Bayless (1972)
43 18.3 N.C. Regan et al. (1968)
44 18.33 S.C. Stevens (19653)
44 18.89 S.C. Bayless (1972)
48 19.4 N.C. Bigelow and Schroeder (1953)
48 18.33 S.C. Bayless (1972)
48 17.2 N.C. Regan et al. (1968)
48 17.89 - Pearson (1938)
48 18.89-19.44 N.C. Worth (1882)
50 15.6 N.C. Regan et al. (1968)
50 17.78 S.C. Bayless (1972)
51.8 18.00 N.Y. Rogers et al. (1977)
54 14.4 N.C. Regan et a1 (1968)
56 16.67 S.C. Bayless s (1972)
58 15.56 N.C. Shannon and Smith (1967)
62 15.00 N.Y. Rogers et al. (1977)
62 15.56 S.C. Bayless (1972)
66.3 18.00 N.Y. Rogers et al. (1977)
70 15.56 S.C. Stevens (1965)
70-74 14,4-15.6 N.C. Bigelow and Schroeder (1953)
74.3 15.00 N.Y. Rogers et al. (1977)
74 14.4-15.6 - Merriman (1941)
74 14.44 Md.,Va. Brice (1898)
91.8 15.00 N.Y. Rogers et al. (1977)
109 12.00 N.Y. Rogers EE_T. (1977)
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NATURAL HABITAT

The water temperature on striped bass spawning grounds during the
spawning season has been reported as low as 8°C (Westin, 1978) and 10°C
(Carlson and McCann, 1969) early in the season, and as high as 23°C (Carlson
and McCann, 1969) and 25°C (Scruggs, 1957) near the end of the season.

Table 8 summarizes data on striped bass spawning determined from egg
collections. The season occurs during late March to late June depending
on the time of spring warming. Major spawning peaks generally occur as the
water temperatures reach 14-16°C. The salinity during the spawning season
has been reported as fresh to brackish; that is, from 0 to 10 o/oo (Turmer
and Farley, 1971), O to 3 o/oo (Dovel, 1971), O to 5 o/oo (Tresselt, 1952)
and 0 to 10 o/oo (Hollis, 1967). Tresselt (1952) determined that most
spawning activity occurs within the first 25 miles of freshwater in the
spawning river. Our measurements during the 1975 spawning season on the
Nanticoke River, Maryland, plotted in Figure 7 show the temperature, turbid-
ity, and salinity ranges (600 umhos < 1 o/o0). The distribution of striped
bass eggs in the Hudson River with temperature is shown in Figure 3.

Spawning grounds are generally turbid and usually in an area of good
current or tidal flow. Turbidity during the 1975 spawning season on the
Nanticoke River, Maryland ranged from 17 to 46 JTU and appeared inversely
related to temperature. Turbidity as high as 132 JTU was reported by Smith
(1970) during 1968 spawning in the Savannah River, but only 11 to 80 JTU
during the 1969 spawning. McCoy (1959) reported river discharges of 5,500
to 30,225 cfs (1.5 to 3.0 fps) on the Roanoke River spawning grounds at
Weldon, North Carolina. On the Tar River spawning ground, Humphries (1966)
recorded river discharges of 700 to 4080 cfs. The mean inflow for the San
Joaquin River, California during the 1948 spawning season ranged from 1367
to 4533 cfs (Erkkila et al., 1950). Tresselt (1952) recorded a range of
0.6 to 2.0 fps for the Virginia spawning grounds he studied.

ENVIRONMENTAL REQUIREMENTS
The envirommental requirements of striped bass embryos are summarized
in Table 9. These requirements have been separated into the abiotic and

biotic factors and are discussed more fully below.

Abiotic Factors

Optimal temperatures for embryonic growth and survival have been
reported ranging from 14 to 24°C (Albrecht, 1964; Bayless, 1972; Morgan
and Rasin, 1973). However, survivals at 15 and 18°C were higher than those
of eggs reared at 12 or 24°C, and 18°C was proposed as optimal for
embryonic development (Rogers et al., 1977). An upper lethal temperature
of 27°C and a lower lethal of 11°C have been suggested (Morgan and Rasin,
1973). Shannon (1970) found that the longer egg development was maintained
at 18°C, the more tolerant the eggs became to shock exposure to higher
temperatures. Koo and Johnston (1978) exposed early eggs to AT's of 10 and
15°C above an 18°C base temperature for exposure periods of 5 to 180 minutes.
They observed reduced hatchability with an increase in numbers of deformed
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TABLE 8. DATA ON STRIPED BASS SPAWNING THROUGHOUT ITS RANGE

Date and Temp.(°C)

Spawning River Time of Spawning Temperature at Peak of Source
(°c) Spawning
Hudson River, N.Y. 24,1v-25.V] 1966 10-22.2 29.V;16.1 Carlson and McCann
7.V-25.VI 1967 10-22.8 21,29.V;13.3 (1969)
21.1V-30.V]I 1968 11.7-22.8 12-18.V;15.6
Delaware Rlver, Chesapeake-Delaware
Canal, Delaware 28.IV-4.V 1970 13-14 —_— Bason (1971)
Nanticoke River, Maryland 14.1V-23.V 1960 14.3-20.7 15.1V;15.0 Hollis (1967)
28.M-27.V 1964 11.4-23.9 20.1v;16.7
11,1V-10.V 197§ 8.0-17.2 —_ Westin (1978)
Potomac River, Maryland 21.1V-26.VI 1975 10.9-23.4 28.1V;14.3 Hallowing Point Field
Station (1976)
Rappahannock River, Virginis 17.v-20.V 1950 19.4-20.4 —_ Tresselt (1952)
Mattaponi River, Virginia 25.1v- 1950 13.9-20.5 30.1vV;16.8 Tresselt (1952)
Pamankey River, Virginia 6.1V~ 1950 13.4-14.3 13.1V;13.0 Tresselt (1952)
13,1V-10.V 1966 15-22 _— Rinaldo (1971)
Chickahominy River, Virginia 5.v-6.V 1950 18.7-20.4 _— Tresselt (1952)
James River, Virginia — -_— 9-10.V;19-21 Tresselt {1952)
Roanoke River, North Carolina 11.1v-10.V 1938 21-25 —_— Merriman (1941)
14.v-2.vI 1958 16.2-19.7 25.V;18.3 McCoy (1959)
21.1V-9.Y1 1967 16.7-18.9 — llassler et al. (1970}
26.1vV-2.V1 1968 15-21 —_ "
Tar River, North Carolina 14.1V-18.V 1965 15-22 3-11.V;15-18 Hlumphries (1966)
21.1v-20.v 1975 14.5-21.1 5-12.V;17.8-18.4  korncgay&ihmphries (1976)
Congree River, South Carolina 8.1V-2.VI 1955 16.1-25 21. 1V Scruggs (1957)
Wateree River, South Carolinas B.1vV-19.V 1955 15-22.2 5.V Scruggs (1957)
Diversion Canal, Lake Marion, §.C. 6.1IV-11.V 1955 14.4-24.4 27.1v Scrugpes (1957)
Dgeechee River, Georgla 2,1vV-23.1V 1968 19.4-21.7 —_— Smith (1970)
1.1Vv-12.V 1969 17.8-23.3 —_— Smith (1970)
Savannah River, Georgla 31.m-29.v 1969 16.7-22.2 — Smith (1970)
Sacramento River, California 11.1V-29. VI 1964 16.1-20.6 29.V;20.6 Farley (1966)
2.V-20.VI 1973 15.6-20 10.v;18.3 California (1974)
San Joaquin River, California S.IV-17.VI 1949 16.6-22.2 —_ Exkkile et al. (1950)
1.IV-10.VI 1957 15.6-21.1 29.v;18.3 Chadwick (1958)

11.1V-29,VI 1964 13.3-21.1 —_ Farley (1966}
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TABLE 9.

ENVIRONMENTAL REQUIREMENTS OF STRIPED BASS EGGS

ABIOTIC FACTORS

Survival Range Optimum Conditions
o o
Temperature 12-247C 16-20"C
Salinity 0-15 o/oo 2-10 o/oo
Dissolved oxygen >7% (3.3 mg/1 @ 18°c) air saturated

Light no adverse effect

Turbidity 0-1500 mg/iF <500 mg/lf
fH' 6.6"‘7,() 7,

BIOTIC FACTORS

Diet not applicable

Density 50-75 per liter

Predators many in natural habitat
Disease and Parasites fungus

+ clay and silt

* fine grain sediments

59



larvae at the higher temperatures and longer exposure times.

Striped bass egg survival is enhanced at low salinities. Salinities
observed during spawnings were as high as 10 o/oo. Morgan and Rasin (1973)
observed no significant effect of salinity from O to 8 o/oo on percent hatch
or survival. Lal et al. (1977) reported that salinity of 3.4 o/oo enhanced
survival. Optimal salinity for embryonic growth and survival has been found
to be 0-1 o/oo at 18°C (Turmer and Farley, 1971). Studies performed to
determine the interaction of temperature and salinity effects on hatching
were originally (1974) limited to three temperatures and six salinities.

The percent survival (based on ten eggs per treatment) to hatching of the
eggs stocked at 10-15 hours after fertilization (see Figure 5) was typically
as shown in Table 10. In the next salinity-temperature interaction studies
(1975) the number of temperatures was expanded to five and the salinities
used were limited to the five at which survival was observed in the earlier
experiments. The number of early eggs stocked in these experiments was 20
per treatment and the percent survival to hatching was typically as shown
in Table 10. The information on abnormalities (Table 10) is given here but
is discussed in more detail later in this section. The data presented
represent the interaction effects of temperature and salinity on embryo
survival. The broad range of survivals indicates good survival from 14 to
20°C with salinities of 0 to 10 o/oo. A narrower optimal temperature range
of 18 to 20° is suggested by our data.

The minimum oxygen level for normal hatching has been determined as 4.9
to 5.0 ppm at 17-18°C (0'Malley and Boone, 1972; Turner and Farley, 1971).
Hatching has been observed at 2.0 ppm (or 4% saturation) at 17°C, but the
prolarvae were inactive and/or abnormal in development (0'Malley and Boone,
1972). To determine the interaction effects between temperature, salinity
and dissolved oxygen approximately 100 eggs were stocked into one liter
glass bottles of water at the stocking temperature (16-18°C) and 0 to
10 o/oo. After stocking into these well aerated bottles, they were
transferred to 12, 16 or 20°C constant temperature baths and supplied with
continuous dissolved oxygen at four levels of saturation - air saturated,
7% saturation, 5% saturation and 2% saturation. The levels were maintained
by utilizing commercially available gas mixtures of percent oxygen with the
balance as nitrogen. The percent survival, or the number hatched, alive
and active, after 72 hours exposure is shown in Table 10. Our studies
indicate that.the critical oxygen level for strxiped bass embryo development
is primarily affected by temperature. Whereas there was some survival at
the 2% saturation oxygen levels at 12°C, this was not evident at the higher
temperatures and the larvae were very retarded in their development.
Although the eggs hatched after exposure to 5% saturation levels at both
salinities and most temperatures, these larvae were abnormally developed.
Levels below 8% saturation would not, therefore, be considered optimal.

One observation (Albrecht, 1964) did not reveal any adverse effect of
sunlight upon hatch and survival of embryos. All of our large scale cultures
maintained in the field were held in full sunlight. We did not notice any
difference in survivals of these eggs and subsamples used in experiments in
our trailer—laboratory.
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TABLE 10. PERCENT SURVIVAL TO HATCHING OF STRIPED BASS EGGS STOCKED AT
VARIOUS (A) TEMPERATURE AND SALINITY AND (B) TEMPERATURE, SALINITY, AND

DISSOLVED OXYGEN COMBINATIONS

Salinity Incubation Temperature °c)
(o/00) 12 13 14 16 18 20
+ +
0 100 o* 90 70%, 91 100 60*, 80
5 68 70 95 90, - 100" 90, 95
+ +
10 65 90 91 90, 93 100 70, 100
15 55 70 94 90, 67 100 80, 100
20 5 70 35 90, 53 86 70, 100T

* The low survivals in freshwater (1974), in which the eggs are normally
incubated in nature, is discussed in the abiotic factor section below.

+ Denotes abnormal or dead larva present but hatched.

Salinity Dissolved Incubation Temperature
Oxygen (°c)
(% saturation) 12 16 20
100 77 83 86
7 68 74 82
0 5 61 0 66
2 79 0] 0
(unhatched)
100 84 75 90
7 71 27 69
10 5 83 19 0
2 10 0 0




Using fine grain natural sediment from upper Chesapeake Bay, Auld and
Schubel (1978) observed no significant effects on hatching of striped bass
eggs in concentrations of 50, 100, or 500 mg/l. They reported significant
reduction in hatching at 1000 mg/l concentrations of suspended sediments.
Morgan et al. (1973) found significantly lower egg development in comcentra-
tions above 1500 mg/l of clay and silt from the Chesapeake-Delaware Canal.

Bowker et al. (1969) found pH ranges from 6.6 to 9.0 to be satisfactory
for hatching.

Some of our studies included determining effects of ammonia and nitrate
on embryo development. Using standard bioassay methods (APHA, 1965) for
determining concentrations from stock solutions of ammonium chloride and
sodium nitrate, tests were run on ten individual eggs per concentration.

The percent survival to normal hatching for the ammonia concentrations at
two temperatures (pH 6.8) was typically that presented in Table 1l1. The
percent survival to mormal hatching at the nitrate concentrations (pH 7.3)
tested is also shown in Table 11l. It appears that ammonia has little or no
effect on hatching at 16°C, but generally reduces success by about half at
20°C. Nitrate concentrations of up to 1000 ppm should have little effect on
hatching.

Exposure to shear levels (from laminar flow) of 350 dynes per cm2
killed 36% of the eggs in one minute and 88% in four minutes (Morgam et 21.,
1976) .

Survival of striped bass eggs to impingement on screens of 16 and 30
meshes per inch was 70% or better at water velocities less than 1.0 fps for
four minutes exposure. Survival decreased sharply at higher velocities
(Sazaki et al., 1972). '

Results of egg exposure to changes in hydrostatic pressure, ranging
from 2.0 psia (subatmospheric pressures) to 700 psig, are reported by Beck
et al. (1975), and New York University, Institute of Environmental Medicine

(1976). Later egg stages (close to hatching) were observed to be more
sensitive than early egg stages, and decompression increased mortality.

Environmental factors affecting striped bass survival from spawning
through embryo development have been summarized by Talbot (1966) and Dovel
and Edmunds (1971). Additional comments specifically concerning Chesapeake
Bay can be found in Mansueti (1961). The requirements discussed by these
authors include water velocity, quality, turbidity, and temperatures.

Biotic Factors

There are four categories of biotic factors listed in Table 9 for
embryos. However, for this life stage diet is not applicable.

Density can be considered minimal until the end of the stage when

hatching begins. This is the time when oxygen demand increases. There is
also an increase in the ammonia concentration with hatching. We have
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TABLE 11. PERCENT SURVIVAL TO HATCHING OF STRIPED BASS EGGS EXPOSED TO
VARIOUS CONCENTRATIONS OF (A) AMMONIA (NH3) and (B) NITRATE (N03)

A.
Concentration Incubation Temperature o)
(NH 4 ppm) 16 20
Control 70 30
0.1 100 55
0.32 80. 55
0.56 60 50
1.0 80 50
3.2 90 33
5.6 100 44
10,0 70 33
B.
Concentration Incubation Temperature (°C)
(NO3 ppm) 18
Control 90
10 80
56 100
100 90
560 100
1000 70
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measured the production in groups of 50 or 100 rinsed eggs at 15°¢ against
blank replicates. The production ranged from 0.088 to 0.236 ug NH3-N per
egg (mean 0.157 pg; N = 7). This represents a release of 0.072 to~0.193

mg NH.-N per 10,000 eggs on a live weight basis. Neither oxygen nor ammonia
pose a problem to the embryos in their natural habitat, but they do become
considerations in the more densely stocked culture environment.

The most prevalent disease and predator problem during the embryo stage
was fungal and/or bacterial attack of the egg chorion. This was a factor
contributing to freshwater mortalities in early temperature-salinity and
other experiments during our studies using filtered river water. Dead eggs
not only from our containers, but also from the river, were observed coated
with continuocus fungal hyphae strands extending through the chorion and
into the yolk of living eggs. Unfortunately the fungi we observed contained
no fruiting bodies making identification difficult beyond Saprolegnia sp.

A series of test containers were treated with antibiotics to see if this
treatment enhanced egg survival indicating reduction in fungal or bacterial
activity. We use penicillin-streptomycin combination (50,000 IU/1 and 50
mg/l), tetrocycline (6.25 mg/l), chloroamphenicol (50 mg/l), and sulmet

(4 tbsp./gal.), in filtered river water plus a control of filtered river
water. The dosages used were those found in the literature. (A very good
report on the effects of antibiotics on survival of a marine fish is given in
Struhsaker et al., 1973.) These containers were stocked with early eggs

to observe the nature of hatching, and samples of the antibiotic treated
and control river water were supplied to the Maryland Department of Health
for total count testing. All of the eggs stocked into the chloromphenicol
treated water developed abmormally. All of the eggs in the sulmet treated
water hatched but died with fungus present. The eggs stocked into the
control, tetrocycline, and penicillin-streptomycin treated containers all
hatched normally. The total counts on the water samples from these
treatments were 460, 28 and <3 MPM/100 ml, respectively. The penicillin~
streptomycin comblnatlon was tested on netted eggs in filtered Nanticoke
River water at 16 and 20°C and on newly fertilized eggs in Hudson River
water at 15 and 18°C to determine its effect on egg survival. The percent
survival in each group was greatly improved in the antibiotic treated water,
as the example below shows.

TABLE 12. THE EFFECT OF TREATING FILTERED RIVER WATER WITH PENICILLIN-
STREPTOMYCIN (50,000 IU/1-50 mg/l) ON THE PERCENT SURVIVAL AT HATCHING
OF STRIPED BASS EGGS AT FOUR TEMPERATURES. (n = NUMBER STOCKED)

Treatment Incubation Temperature °c)
15 16 18 20
Penicillin-Streptomycin 70.2 97 62.5 88
(n=928) (n=250) (n=1041) (n=257)
no treatment 9.0 92 7.3 69
(n=529) (n=271) (r=975) (n=292)
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Two antifungal agents were bioassayed using live eggs and also tested for
their effectiveness using groups of dead eggs. Both series were done in
triplicate. Untreated dead eggs quickly developed hyphal tufts and the
effectiveness was judged by the presence or absence of hyphae on the dead
eggs. Concentrations of 0.0l to 1.0 mg/l were tested for both Amphotericin
B and malachite green for 24 hours at 16 C. The Amphotericin B was toxic
to eggs at concentrations lower than that at which it was effective in
controlling fungus on dead eggs (1.0 mg/l). The malachite green was
effective at the low concentrations with no evidence of fungal activity at
0.01 mg/l and no egg mortality at concentrations lower than 0.5 mg/1.

CULTURE METHODOLOGY

Capture Methods

Fertilized striped bass eggs can be obtained from natural or artificial
spawnings. Producing artificially spawned eggs is discussed in the section
dealing with adults. In addition to obtaining eggs from artificially
spawned females, live eggs can be collected during the spawning season using
a regular 1/2 meter plankton net. McCoy (1959) recommended a 500 micron mesh
as optimal for collecting striped bass eggs. Although such tows yielded
hundreds of eggs which we used in our laboratory work, the mesh became
rapidly clogged.

We used a 1 X 2 meter 945 micron neuston net that was modified to
include floatation gear on the heavy steel frame to make it float just below
the surface. The net was easily fished by securing its bridle to a bridge
pier, pier or docked vessel and allowing it to stream in the tidal currents.
The large filter area to mouth opening ratio provided by the net's 23 foot
length allowed large volumes of water to be filtered. Clogging was never
a problem even after 4 to 6 hours of fishing. Some large debris was
inevitably collected. A large mesh preventer net over the mouth of the net
reduces this problem.

Tows made near the spawning peak yielded tens of liters of nearly solid
striped bass eggs. The egg catch from an early tow filled a plastic garbage
can. Eggs were separated from plant debris by raising the salinity to 10
o/oo which allowed the eggs to float. Eggs were then decanted to hatchery
containers. There were always some other species present. Night tows
frequently yielded large numbers of elver eels and juvenile croakers which
were difficult to remove. We thus avoided night tows where possible.

We recommend this approach to secure large numbers of fertilized eggs
easily without having to capture and hold females and males. These net
caught eggs, moreover, represent a diverse genetic stock not available from
the progeny of a given mating under artificial spawning conditions.

It is a simple reliable method.
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Post-capture Handling

Eggs secured from plankton tows should be separated from the rest of the
tow as described above before packing for transportation or stocking into
rearing containers. Eggs secured from artificial spawnings should bestocked
into rearing containers and allowed to fully water harden. They should not
be transported until at least 12-24 hours after fertilization to avoid dead
egg accumulations due to poor fertilization. We recommend using penicillin
and streptomycin (50,000 IU/l and 50 mg/l) in the culture water receiving
the eggs. This antibiotic concentration should be applied once only when
the eggs are stocked. If heavy fungus infestatiou is visible a flush
treatment of malachite green at 0.1-0.05 mg/l is recommended.

Transportation

Egg transportation can be successfully undertaken using methods
described by Bayless (1972) and Texas Instruments (1977c¢) for larvae.
This involves packing about 15-20,000 eggs per liter into plastic bags
lining a styrofoam fish shipping box. In this way as many as 200,000 eggs
can be shipped in a container about half filled with water and eggs.
Before the bag is secured oxygen is bubbled into the water and allowed to
f111 the space over the water in the bag. A dose of penicillin-streptomycin
can be added for the volume of shipping water. This is recommended for
shipments over long distances.

Handling Procedures

Eggs should be handled in water whenever possible. They can be easily
dipped, siphoned or pipetted with a wide bore tube. Several useful egg
handling tools are illustrated in Figure 9A. Dip nets are not recommended
for live egg handling. Dead eggs, which are opaque and float to the
surface, may be skimmed from the rearing container using a net or beaker.
Individual eggs can be easily counted using a wide bore pipette. A rough
approximation can be made using volume displacement in rearing water of a
known number of eggs. After 'calibrating,' this measure is then repeatedly
estimated. The most accurate counts, however, will be those of individual

eggs.

Maintenance Procedures

Culture Vessels——

A number of culture vessels have been used in experimental work
involving relatively small numbers of eggs per treatment. Schubel (1974)
used a hatching box made out of a PVC frame covered with nylon screen.
Miller (1977) used a hatching basket similar to this but made of acrylic and
screened with 505 p Nitex. Turner and Farley (1971) used a simpler egg
container made from a section of 2 1/2 inch PVC pipe, one end of which was
covered with stainless steel bottling cloth. Eldridge et al. (1977) used
glass hatching jars, while Rogers et al. (1977) used glass beakers. The
Moncks Corner Hatchery (Bayless, 1972) relies on acrylic McDonald hatching
jars in a flow-through system. These are similar to the hatching jar
illustrated in Figure 9Bwhich can be used in a flow-through or static system.
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For large volume egg maintenance we used (in Rhode Island) 55 gallon
polyethylene drums filled with dechlorinated tap water and agitated with a
strong stream of air or a gentle stream of pure oxygen. Either of these
provided enough agitation to keep the eggs in suspension and maintain an
adequate dissolved oxygen level. The water temperature of the rearing tank
and transporting container should be about equal at stocking.

Stocking Density--

Bonn et al. (1976) recommend stocking fertilized eggs at the rate of
100,000 per hatching jar. This is approximately 1777 per liter. Litera-
ture reports of experiments under static conditions on egg stages report
stocking densities from 20 (Albrecht, 1964) to 100-200 (Rogers, 1978) per
liter. At the rate of 100 eggs per liter, 20,000 eggs could be easily
handled in the static 55 gallon drums described above. 1In fact, we estimated
that twice to three times this density were easily held in these tanks
through hatching.

Maintaining Water Quality--

Maintaining water quality through the embryo stage in any culture
system is relatively easy for two reasons. First, the length of the period
is very short (see Table 7) and second, the physiological demands during
the stage are minimal. Care of the egg cultures should include removing
any dead eggs at least daily. Toward the end of the stage care should be
taken not to remove any newly hatched larvae which are also at the surface
with the dead eggs. Oxygen levels should be monitored to ensure adequate
saturation. If the antibiotic dosage recommended (see biotic factors above)
is followed, no water quality problems associated with fungal or bacterial
infections should be prevalent. If this dosage is not utilized and an out-
break of fungus is observed, a malachite green flush is recommended.

Diet--
This is not relevant for this stage, which utilizes the endogenous
energy supplied in the yolk.

Normal Conditions and Physiological State

Normal development through the embryo stage has been presented in
Figures 5 and 6. Abnormal conditions were reported by Worth (1910),
Scofield and Coleman (1910), Mansueti (1958), O0'Malley and Boone (1972),
and Koo and Johnston (1978). Many of the abnormalities they reported we
also observed. Some of the more frequent ones are shown in Figure 10 from
our observations. One which occurs under a variety of conditions is a
premature loss of the chorion, or early hatching. An embryo which has
lost its chorion early will usually not be as active as is a normal newly
hatched larva (described in the next section). Most of the embryos we
observed in this condition grew into normal larvae. The antibiotic
treatments appeared to reduce this phenomenon, especially among the eggs in
our large scale cultures maintained in filtered river water while in the
field.
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Figure 10. Some of the more common abnormalities of striped bass embryos
before and just after hatching: A,B -lethal abnormalities occurring
in eggs soon after fertilization; C,D,E - examples of living larvae
showing arrested body development of the sort occurring in
association with hypoxic stress during egg development
(generally lethal); F,G,H - yolk sac and skeletal
abnormalities in newly hatched larvae
(generally not immediately lethal)
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SECTION 9

RECOMMENDED CULTURE METHODS AND BIONOMICS: LARVA

DESCRIPTION OF STAGE

The larval stage of the striped bass can be divided into prolarval
(hatching to yolk absorption and feeding) and post (yolk sac) larval
(volk absorption and feeding to metamorphosis) periods. Development
during the prolarval and postlarval periods is shown in Figure 11, where
(d) is yolk absorption. A more detailed description of the progression from
hatching through metamorphosis is found in Table 13. The rate of development
depends on the temperature experienced as indicated in Figure 12. The dura-
tion of these stages have been estimated to range from 3.8 to 10 days and 22
to 76 days, respectively, depending on temperature (Lawler et al., 1974;
Rogers et al., 1977; USNRC, 1975) and nutritional state (Rogers et al., 1977).

Measurements made at hatching (Figure 1la)on larvae from eggs held at 15,
18, 21 and 24°C are shown in Figure 13. At hatching the yolk sac and oil
glouble are the most conspicuous features of a larva. As development
progresses (Figure 11), the yolk material is used while the oil glouble
remains essentially unchanged. Figureld shows measurements on larvae at
yolk absorption from four rearing temperatures. A comparison of Figures 13
and 14 shows that as the yolk disappears the oil volume remains about the
same, while the larva grows in both embryo length and dry weight
(larval tissue less yolk and oil in both cases). Larvae begin feeding during
the later part of the yolk absorption period (Figure 11 c-d). Swim bladder
inflation (Figure lle) normally occurs about 5 to 7 days after hatching
(Bulak, 1976; Doroshev and Cormacchia, 1979), although Bulak (1976)
observed that 60 day old larvae with previously uninflated gas bladders were
able to initiate filling. Following yolk absorption with the continuation
of successful feeding, the larva utilizes the lipid energy in the oil
glouble and development proceeds as indicated in Figure lle-h. However, if
the larva does not feed successfully or is starved, the energy in the oil
glouble is conserved (Dergaleva and Shatumovskiy, 1977; Eldridge et al.,
1977; Rogers and Westin, 1979). Thus larvae dying of starvation will look
essentially like those at yolk absorption with the oil glouble conspicuously
present (Figure llc-d). Ratention of the oil can be seen in the percent
nitrogen and carbon composition of larvae measured at yolk absorption and of
those measured seven days after yolk absorption. These determinations are
summarized from Rogers (1978) in Table 14 and include the carbon-nitrogen
changes among feeding larvae as well.

Some of the increase in larval length during the prolarval period is
probably due to hydratiom as indicated in Figure 15. The length-dry weight
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Figure 11.

Developmental stages (after Manuseti, 1958) of striped bass larvae to metamorphosis.
Refer to Table 13 for further description of stages.



TABLE 13.

DEVELOPMENTAL STAGES OF STRIPED BASS, REARED AT ABOUT 17 C,
UNLESS OTHERWISE STATED, THROUGH TRANSFORMATION
Age Length Characteristics
mn TL3
25.3 nours after 3.25-4.06 Hal:chm% completed for eggs at 24°C.
fertilization (4} P (a)
36~-48 nours afier 2.3-3.7 Hatching accurs.{a)
fertiiization (2)
51.8 hours arter 3.25-4. 7 Hatching compieted for eqgs at 18°C.
ferti11ization (4) (a)
1st day after 3.58-5.12 Eyes almost fully pigmentad; pigmanted
hatcning (4) ventrally; one-third yolk reabsorbed
at 24°C.
4.23-5.20 Eyes only partially pigmented; yolk
slightly reabscrped at 18°C.
2-5th day atter 4.5-5.2 Yolk sac cartly absorved, eyes pig-
hatching (1,2} mented yellow, black & orange,
differentiation of Jaws and digestive
tract tequn, pectoral buds formed

fan-11ke fin, 21-23 myotomes. (b)
3rd day after 5.2 Eyes nigmented, jaws developing,
natching (3) pectoral fins tecome differentrated.

(4) 4.71-8.23 tyes pigmented; mauth parts moving;
pigmentad ventrally jaw %0 01]; yoik
three-fourths reabsorbed; pectoral
buds present at 24°C.

5.04-5.77 Eyes pigmented; gut diferentiated;
ventrally pigmentad; pectoral buds
visible at 18°C.
4th day aftar 5.8 Small chromatophores along ventral
hatching {3) edge oF entire yolk sdc.
{4) 5.5-7.5 Yolk absorpbed at 24°C.
(11ve)
Sth day after §.5-5.8 One=-third yolk reabsorbed, commence-
nmatemng (1) ment of intestinal peristalsis,

23-24 nyotomes. Swimming pelagically(c¢).
6th day after 6.0 0i1 glouble and yoik nearly absorbed,
hatching (3) pigmentation ventraliy.(c)
6th-7th day after 5.5-7.5 Yolk absorbed at 18°C. (d)
hatching (4) {T1ve)

Bth day after 5.8-6.5 Teeth on }aws, orange pigment 1n
hatching (1) caudal (heteroceral) area, differen-
tiation of stomach, three-fourths

yolk readsorbed, 25 myotomes.

Transition to active pelagic feeding.(d)

(3) 6-9 Second dorsal and anal slightly
differentiated well-developed mouth

parts. (d)
10-15th day after 7.5 Yolk sac fully absorbed and no o3l
hatching (2) glouble visible, pectorals only fins

visible, teeth visible, generally

pigmented on body. (e)

(continued)
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TABLE 13 (continued)

Age

Length
mm TL2

Characteristics

10th day after
hatching (3)

15th day after
hatching (1)

18th day after
hatching (3)

20-30th day after
hatching (1,2)

30 days after
hatching (4)

30-40th day after
hatching (2)

40 days after
hatching (4)

40-50th day after
hatching (1)

50-70th day after
hatching (1)
(2)

80-80th day after
hatghing (2)

80-90th day after
hatching (1)

70-100th day after
hatching (2{

3-4 weeks after
hatching (3)

9.0

10-12.5

13.0

10, 12-16

13.1-15.4

15 (stunted)

11.9-20.4

22-35

35-45
20

25

50-80

30

36

Pectorals only fins developed, ready
for food.

Division of fin fold 1nto three
divisions, complete reabsorption of
011 glouble, single-chamber gas
bladder filled with air. Feeding on
plankton. (e)

Dorsal and anal fin rays well
differentiated and rudimentary spines
observed. (f)

Differentiation of rays in caudal,
anal and dorsal fins. First dorsal
elements and pelvic fins absent,
myotomes correlated with number of
vertebrae. (g)

Metamorphosis at 24°C.

Soft dorsal, anal and caudal (homo-
cercal) fins well differentiated,
spinous and pelvic fins not well
developed and well ossified, no
stripes visible yet. Initial
formation of lateral-line scales
(Murawski, 1958). (h)

Metamorphosis at 18°C

Differentiation of rays in first
dorsal and pectoral fins. Full
complement of latarai-line scales
by 30mm (Murawski, 1958).

Scales

Scales abserved for first time,

fins except larval pelvic in various
stages toward full meristic count,
pigmentation stronger.

Covered with scales, 3 anal spines and
full complement of meristic cnaracters,
body covered with melanopores.
Appearance of longitudinal stripes.
Meristic counts compliete except for
pectoral fin rays, body pigmentated.

Fully developed fins and rays, pigmen-
tation of black dots.

2 Total length measured on preserved samples uniess otherwise stated.

b Numbers 1in parenthesis refer to source, i.e., (1) Ooroshev (1970); (2)
Mansueti (1958) ; (3) Pearson (1938); and (4) Rogers gt al. (1977).

€ Letters in parenthesis refer to Figure 11,
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(Rogers et al., 1977)
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TABLE 14 . AVERAGE PERCENT COMPOSITION (CARBON AND NITROGEN) OF STRIPED BASS
PROLARVAE, LARVAE AT YOLK ABSORPTION, AND FED AND STARVED POSTLARVAE REARED

AT FOUR TEMPERATURES

Larval Stage Sample % of composition of sample Ratio
nitrogen carbon C:N
Yolk sac larvae 5 replicates of 4.60 57.06 12.40
4 larvae each
Larvae at yolk 5 replicates of 6.04 60.40 10.00
absorption 5 larvae each
Larvae, 7 days after yolk absorption:
24° fed 8.20 48.10 5.86
starved 5.18 61.60 11.89
21° fed groups 8.48 46.68 5.50
starved of 6.25 51.45 8.23
5 larvae
18° fed each 8.40 48.36 5.76
starved 5.84 53.30 9.13
15° fed 6.35 53.97 8.49
starved 5.63 51.86 9.21
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relationship for healthy larvae 3 to 25 mm standard length (SL) is given by
the equation:

1og10 dry weight (mg) = loglo SL(mm) 2.952 - 2.707

(n=185; r = 0. 932 from our measurements.

NATURAL HABITAT

Larvae are planktonic, drifting in a head-up position due to the buoyancy
of the oil-yolk sac at hatching. As the larvae develop toward yolk absorptiuu
(Figure 11 ) their swimming movements become less irregular. Postlarvae are
able to resist current movements on the spawning grounds. As metamorphosis
approaches, their movements are very well directed.

Larval distribution in relation to various temperature, conductivity
(salinity) and dissolved oxygen levels are represented in Figure 16 (pro-
larvae) and Figure 17 (postlarvae) in the Hudson River,and in Figure 18
for the Potomac River. Larvae are generally found on the spawning grounds
at temperatures from 15 or 16 to 22 or 23°C, salinities of O to 6 o/oo (4 o/oo
= 7 mS5 cm~2 conductivity), and dissolved oxygen levels of 7 to 10 mg/l
(or >78% saturation at 20°C) . Depending on the temperature (Figure 12),
larvae are present in the river areas about 4 to 6 weeks after the last
spawnings.

ENVIRONMENTAL REQUIREMENTS

The major abiotic and biotic factors discussed below are summarized
in Table 15 for the prolarval and postlarval periods.

Abiotic Factors

The optimum temperature for larval growth is 15-22°C (Davies, 1970;
Bogdanov et al., 1967) and 15.6-18.3°C (Bayless, 1972). Rogers et al. (1977)
proposed a physiological growth optimum of 18-21°C for the yolk absorption
period. They found that growth rates among post-yolk sac larval striped bass
were highest at 21 and°24 C. Morgan and Rasin (1973) obserged minimal larval
lengths at 13.5 and 16 C and maximal larval lengths at 21.5°C in their
studies. Kelly and Chadwick (1971) repgrted the 48 hour LD50 for striped
bass 5 to 38 mm to be from 28.9 to 32.8 C. The variation within this range
was not related to either acclimation temperature or fish size, Carter
et al. (1979) calculated the thermal doses needed to produce mortality of
10% of experimental post yolk sac larvae as a function of temperature from
thermal resistance data collected by Ecological Analysts in experiments
on the Hudson River. These calculatiogs suggested that 10%Z of the larvae
would suffer instantaneous death at 35°C regardless of their acclimation
temperature (15, 20.5, 22, 23, or 23.5 C). Their calculations indicated
incipent lethal lgvels of 23.6, 29.0, and 31.6°C for the larvae acclimated
to 15, 20, and 23 C, respectively. Reduced food catching ability was
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TABLE 15 ENVIRONMENTAL REQUIREMENTS OF LARVAL STRIPED BASS

ABIOTIC FACTORS

Survival Range

Optimum Conditions

Prolarva Postlarva Prolarva Postlarva
Temperature 12-27°¢ 10-27° 16-21°¢ 18-22°%
Salinity 0-15 o/oo0 5-25 o/oo 5~15 o/oo 10-20 o/oo0
Dissolved Oxygen >7% (3.8 mg/1 >5% (2.3 mg/1 air saturated

@ 18 C) @ 18°C)

Light

Turbidity

Diet

Density

Predators

Diseases and Parasites

no adverse effect

1-1000 mg/1%

BIOTIC FACTORS
Prolarva

not applicable

50-25 per liter

many in natural habitat

natural photoperiod

< 100 mg/1T

Postlarva
minimum of 1000-2000

nauplii/liter twice daily,
or 15-20 % of bedy dry wt

30-10 per liter

cannibalistic; many in
natural habitat

for summary see Table 24

+ fine grain sediments
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observed among postlarvae at 7.8% (Hughes, 1967).

Good survival and growth during larval development were found at 3.5-
14 o/o0o salinity by Bayless (1972). Davies (1973) calculated optimal rearing
conditions for yolk-sac larvae, based on observed survival under 15 different
combinations of temperature, pH and total dissolved solids, of 17.6°C, pH
7.5, and total dissolved solids 185.7 mg/l NaCl. Lal et al. (1977)
transferred prolarvae to various salinities at 18.5°C and reported the best
survivals at 10% sea water (about 3.4 o/oo). Otwell and Merriner (1975)
observed greater than 80% survival of bass larvae during seven days subsequent
toodirect transfer from their rearing facility into temperatures of 18 and
24°C and salinities of 4 or 12 o/co.

In our 1974 and 1975 field studies we investigated the survival of
prolarvae to various salinity and temperature combinations. After 24 hour
exposure of two day old pgolarvae, 90-100% survival was observed at
temperatures of 13 and 16 C and salinities of 0, 5, 10, 15, and 20 o/oco.

At 20 C, prolarvae survived well (95-100%) at salinities of 5, 10, and 15
o/oo. There appeared tc be some temperature-salinity interactions, but pro-
larvae survived 15 o/oo salinity well, Similar experiments with .
postlarvae (Figure lle ) indicated good survival (95-100%) after five days
exposure at salinities of 10, 15, 20 and 25 o/oo at 14 and 18°C. This
indicates that older postlarvae can easily adjust to full sea water, however,
others suggest that the best time to introduce larvae to sea water is just
after metamorphosis (Lal et al., 1977).

A critical oxygen level of 1.65 mg/l and a suitable level of 5-6 mg/1
dissolved oxygenhave been reported for larval striped bass (Bogdanov et al.,
1967). Turner and Farley (1971) reported holding larvae hatched from eggs
exposed to 4 mg/l dissolved oxygen for varying periods {0 to 30 hours) for
six days after hatching. They observed that the longer the eggs were
exposed to low oxygen conditions, the lower the percent survival of larvae
after six days. Bulak (1976) observed that reduced oxygen levels might
adversely affect normal swim bladder inflation. Doroshev and Cornacchia
(1979) observed that strong aeration seemed to enhance normal inflatiom.

We investigated the interaction between temperature and dissolved oxygen
levels on larval survival at 5 o/oo salinity. The percent oxygen was
maintained using oxygen-nitrogen gas mixtures. The survival after a 24 hour
exposure period was usually 100Z at the air saturated and 10% saturated
oxygen levels at the temperatures tested (13, 16, 18, 20, 21) for prolarvae.
However, the 7% saturation levels (i.e. 3.3 mg/l @ 18°C) showed very reduced
survival (5 to 85%) over the temperature range. There was no survival of
prolarvae at any of the 5% saturation levels. The postlarvae, however,
showed 90-100% survival at the two temperatures tested (18 and 21°¢) for all
dissolved oxygen levels from 5% saturation (2.4 mg/l at 18¥C) to air
saturation.

McHugh and Heidinger (1978) reported observations of light shock on
three age groups of larvae. The youngest group (5-9 days old) showed the
most active response to light shock (1238 lux) of an hour following three
hours of dark. They dove for the bottom and swam rapidly for about two
minutes. Larvae 11-23 days old responded only slightly to the light shock,
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while larwvae 15-33 days old showed no activity or respomse. In 1977, they
reported no significant difference in egestion time between larvae (9-19

days old) held in light and in darkness. Braid (1977) observed no difference
in behavior of larvae exposed to light of various wavelengths.

Morgan et al. (1973) reported an LD50 for 2-day exposure of larvae to
3411 mg/l of clay and silt from the Chesapeake-Delaware Canal. Auld and
Schubel (1978) reported exposure of yolk sac larvae to concentrations of
natural fine~grained suspended sediments less than 100 mg/l did not
significantly affect survival for periods up to 72 hours. Survival rates,
however, decreased for larvae exposed to 500 and 1000 mg/l concentrations.
The toxicity of several chemicals to larvae are presented in Section 12.

Bogdanov et al. (1967) reported pH of 7.5 as favorable for larvae reared
in soft water. Bonn (1970) determined that pH of 10 was the upper lethal.

Studies we performed to determine the tolerance of larvae to nitrogenous
compounds indicated that prolarvae were more susceptible to the effects of
ammonia concentrations (standard dilutions of ammonium chloride stock)
in freshwater. Percent survival after 48 hours exposure to the temperature,
salinity and pH regimes tested is shown below based on the stocking of 20
individuals per concentration per test.

TABLE 16 . PERCENT SURVIVAL OF STRIPED BASS PROLARVAE AFTER 48 HOURS EXPQSURE
TO VARIOUS AMMONIA (NH3) CONCENTRATIONS, TEMPERATURES, SALINITIES AND pH's

TEST REGIME
Concentration 18°C, 5 o/oo 20°C, filtered 21°, 5 o/co
NH, (ppm) pH 8.0 river, pH 6.5 pH 8.0

0 895 50 40
0.1 100 44 100
0.32 100 20 100
0.56 80 not tested 40
1.0 25 22 50
3.2 85 10 60
5.6 80 not tested 10
10.0 40 20 0

While the ammonia concentration for culture systems should not be in
excess of 1 ppm for long periods (24 hours +), the use of some salinity (3-5
o0/oo) would appear to enhance survival, especially at 18°C. Nitrate (sodium
nitrate stock) concentrations of 0, 500, and 1000 ppm had little or no
effect upon prolarval survival (70-80%) for nine days tested at 5 o/oo at
both 18 and 21°C. However, the surfival was reduced to 50 to BOZ at
concentrations of 1500 and 2000 ppm. Although none of the concentrations
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tested affected survival directly, only the controls (0 ppm) were observed
to feed during the test period. To determine at what level below 500 ppm
NO, this sublethal depression of feeding was active, groups of-60 just
hatched prolarvae were expgsed to concentrations 0, 56, 100, 560, and 1000
ppm NO3 for 96 hours at 18 C. At the end of 96 hours exposure, they were
removed to NOj3 free water at 18°C and fed. The mortality at the end of four
days exposure was 20, 36, 22, 10 and 32% for the concentratioms of 0, 56,
100, 560, and 1000 ppm, respectively. Six days after receiving their first
food, all postlarvae at 1000 ppm were moribund and a few at 560 ppm were
feeding. In the 100 ppm concentration many of the 707 surviving were
feeding, while most of the 60% surviving at the 56 and 0 ppm concentrations
were feeding and growing well. The survival in the 0 ppm concentration
was complicated by fungal growth. Striped bass reared in a recirculating
system have been reported to survive and grow through metamorphosis at
nitrate levels of 34 to 141 mg/l (McIlwain, 1975).

Sazaki et al. (1972) reported results of impingement tolerance studies
on striped bass larvae using chambers with screens of 16 or 30 meshes per
inch. Larvae 10-15 mm were impinged at velocities in excess of 0.6 fps,
and less than 20% were able to swim four minutes at 0.5 fps. These authors
found that the 90% success level for swimming was 0.2 fps for larvae 10-15
mm and at 0.3 fps for larvae 20-30 mm. O'Connor and Schaffer (1977),
using ichthyoplankton nets in an experimental flume at velocities of 0.5,
1.5 and 3.0 fps, observed that yolk sac larvae were most sensitive to
velocities during netting followed, in decreasing order of sensitivity, by
post yolk sac larvae and eggs.

Striped.bass larvae are able to survive shear levels (laminar flow) of
350 dynes/cm” for onme minute (Morgan et al., 1976). Mechanical damage to
two-week-old larvae due to a single passage through a laboratory mock-up
of a power plant condenser tube (excluding pump) was minimal (Coutant and
Kedl, 1975). When temperature stress was added in this study, mortalities
were comparable to thermal bioassay results. Different combinations of
turbulent shear, pressure change and temperature rise were employed in this
experiment. Finlayson and Stevens (1977) also observed that mechanical
stress appeared to be the major factor caus%ng mortality of entrained
bass (8-31 mm). Their estimated TL was 31°C.

Biotic Factors

As Table 15 indicates, this is not an applicable factor for prolarvae
which utilize the energy available in their yolk to develop their prey
capturing ability. Larvae begin feeding during the later part of the yolk
absorption period (Figure 11 c-d) and are known to be cammibalistic depend-
ing on availability of foods. Striped bass have been found to be relatively
tolerant to food deprivation following yolk absorption (Figure 19 ).
Unfedogroups survived up to 22 days after hatching at 24 C and up to 32 days
at 15 C. A "point of no return" does not appear to exist for this species
(Eldridge et al., 1977; Rogers and Westin, 1979). Lgrvae age 9 to 14 days
(after fertilizatiom) exposed to heat shocks of 9-14 C above ambient
(17-18°C) were found less likely to feed than control larvae not exposed
to the heated water for 10 minutes (Van Winkle et al., 1979a). However,
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once heat shocked larvae recovered and began feeding, the amount consumed
did not appear to be influenced by the exposures to heated water.

A food preference for pelagic species often over a more abundant benthic
fauna, has been reported from field studies (Bowker et al., 1969; Gomez,
1970; Humphries, 1971). Doroshev (1970) found that at mixed species food
concentrations of 1000-1500 organisms per liter young bass (9-18 mm) had up
to 35 organisms in their gut. Daniel (1976) estimated that to achieve the
growth rate (in length) of early larvae observed in the estuary, his labora-
tory larvae would need to be exposed tc food concentrations of almost 63,000
Artemia nauplii per m~ daily for ten days. A comparison of survival and
growth of prolarvae to 25 days fed on two diets was undertaken in hatchery
troughs and aquaria. The report (Catchings, 1973) indicated that survival
and growth were better (10.9% and 9.8 mm) for the brine shrimp diet than for
the brine shrimp-dry feed diet (7.0% and 8.8 mm) during the period of the
study. Experiments in a specially designed recirculating system of four
diets formulated primarily of beef liver, or shrimp meal, two prepared diets
(one Purina Trout Chow) and live brine shrimp nauplii were fed to larvae
stocked as 4 day olds at 20°C for 10 days (Carreon, 1978). He found
survivals of 95% for larvae fed brine shrimp and 76 - 457 (means of two
replicates per diet) for larvae fed the other diets. Growth of brine
shrimp fed larvae averaged 0.09 mm length daily, while growth'on the other
diets ranged from an average daily length of 0.02 mm to shrinkage of 0.05 mm.
Braid (1977) also observed significantly better survival and growth of
larvae fed live brine shrimp than those fed Chinook Trout Starter 1,

Purina Trout Chow, Tetramin fish feed, freeze dried brine shrimp, or a
microencapsulated feed. McIlwain (1975) reported starting four day old
larvae on brine shrimp nauplii (about 20 per larvae twice per day) and
introducing dry food (two parts commercial trout chow to one part

pasteurized whole fish) into the diet when they were 11 days old. From this
point the number of nauplii fed per day was decreased and the amount of dry
food increased until they were feeding entirely on the dry food at 18 days
old. Although 20-30 organisms twice a day are probably sufficient for first
feeding larvae, we have determined that larvae will soon be consuming 10
times this amount. Individual larvae (each about 12 mm SL, 25 mg wet weight,
and 2.8 mg dry weight) were fed brine shrimp (Artemia) nauplii twice daily
for six days. Those at 18 C consumed 193 to 227 per day and grew from 1 to

3 mm SL during the six day period. At 21°C, the larvae consumed from 215 to
252 nauplii per day and grew 0.3 to 1.8 mm SL in the six days, while at 24°C,
they consumed 292 to 305 per day and grew 0.3 to 0.8 mm SL. If an

individual brine shrimp nauplii weighs 0.0016 mg dry weight (Paffenhofer,
1967), then 200 and 300 nauplii represents 0.32 and 0.48 mg dry weight, which
is 12 to 17% of the average body weight of these larvae. We measured the ad
1libitum consumption of brine shrimp nauplii for 7-8 mm SL larvae at 22°¢ by
weighing full and empty individuals. 1In this case, the larvae were found to
consume up to 25% of their body weight (dry basis) at each feeding (twice
daily). For a recently hatched 0.25 mg larva (dry weight) that would mean
consuming 0.06 mg of food (dry) or about 40 Artemia nauplii (Paffenhofer,
1967) or 60 Acartia nauplii (Durbin and Durbin, 1978). For a larva of 2.3
mg dry weight this would mean consuming 350 nauplii. Miller (1978) estimated
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larval food consumption from preserved field collected bass < 10 mm TL with
mean stomach volume of 0.37 mm3, which he equated to about 154 copepod

nauplii. His laboratory study showed that larvae (<10 mm) allowed to feed
at a density of five zooplank ers/ml contained an average volume of 0.26 mm3
after 60 minutes at 21° C temperatures.

The effect of prey concentrations at one temperature have been reported
by Al Ahmed (1978), Eldridge et al. (1977), and Miller (1977). In general,
the survival response of larvae fed high and low food concentrations is
similar to those fed early and late (Figure 19). For example, Eldridge .
et al. (1977) working at 18 C, reported survivals of larvae at 30 days after
fertilization fed from day four at concentrations of 6.2, 4.0, and 2.2 nau-
plii (Artemia)/ml. The survival of their groups fed at 6.2 and 2.2 nauglii/
ml corresponds at the same age to that of our groups (Figure 19) at 18°C
first fed on day 19 (#3) to day 23 (#4) after hatching, respectively. The
highest density Miller (1977) used was 3.6 mauplii/ml, but his survivals
were only slightly better than that of starved controls (#5, Figure 19)
of the same age at 18 and 21°C. That the survivals of all larvae fed
earlier than day 19 (#1&2, Figure 19) at 18°C were 20% better than those of
Eldridge et al. (1977) fed 6.2 nauplii/ml indicates that food densities of
twice this may in fact be more realistic to ensure both maintenance and
growth. The prompt onset of feeding following yolk absorption provides not
only a survival advantage (Figure 19 ), but also a growth advantage which is
not recovered by larvae reared at the same temperature but given their
first food a few days later (Figures 20 and 21). Further, this rate
of growth in weight and length following early and delayed feeding increases
at a rate which is temperature dependent.

As the larvae grow, they require greater volumes of water in which to
move and to easure proper water quality. These constraints are applicable
under culture conditions but not in their natural habitat. Densities of

about 1000 prolarvae per gallon (or 250 per liter) have been suggested for
holding in hatchery troughs during the first two weeks after hatching

Bonn et al., 1976). The densities indicated in Table 15 are approximations
to the general 1 gm/l rule under semi-static conditions. The densities are
shown in this Table as high to low concentrations to indicate that larvae
should be graded and spread out as they grow. Since ammonia excretion and
oxygen consumption are important factors in determining culture densities,
they are discussed briefly.

Ammonia excretgon was determined during this study on groups of pro-
larvae at 15 and 24 C using groups of 50 larvae per 300 ml with blanks

for each. Ammonia was measured over the period of yolk utilization.
The average excretion for six groups at 24 C was 0.636 ug N-NH3 per larva

per day. The average excretion for nine groups at 15°C was 0.245 ug N-NHj3
per larva per day through the prolarval period.

The oxygen consumption of a 9.4 mg bass in freshwater at 19°C was
reported to be 2.05 mg Op/gm/hr or 0.0135 mg/hr (Bodganov et al., 1987)
We determined oxygen consumption of groups of prolarvae at 18 and 21°C at
5 o/co. The larvae were 5-6 mm SL, and about 0.21 mg dry weight. The
groups were of 20 larvae each in 300 ml of water with blanks. The mean
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. sample. (Rogers and Westin, 1979)
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oxygen consumption for four groups at 18°C was 0.86 ul/hr/larva. These
rates were for larvae utilizing yolk and not feeding. A single group
measurement of 20 larvae (7-8 mm and 0.36 mg/dry weight) each fed prior to
the measuerments showed rates of 1.50 ul/hr/larva at 18 C and 3.10 ul/hr/
larva at 21 C.

In their natural habitat striped bass larvae have many predators -
including older striped bass. In culture systems cannabilism has also been
observed. We have noted that its incidence is much reduced when excess
foods of varied sizes are present and when the size hierarchy of the rearing
container does not become extreme.

Diseases and parasites include any of those reported for juveniles
and are discussed in the next section. Fungus can be a problem as with
eggs, although increasing the salinity to 5 o/oo will reduce it.

Salinity of 10 o/oo reduced predation by microhydras on larval bass in a
laboratory situation (Dendy, 1979). Larvae can also be treated with mala-
chite green at 0.05 to 0.1 mg/l as a dip, if necessary.

CULTURE METHODOLOGY

Capture Methods

The most successful capture method is the hatching of eggs already
under culture. Production for pond stocking, especially popular in the
southeastern United States (Braschler, 1975; Bonn et al., 1976), is carried
out by a number of state and federal hatcheries. This was discussed in
Section 4.

Hatching is the recommended capture procedure since it does the least
damage to the survival of the larva, which has nei ther the protection of a
chorion nor scales.

Post-Capture Handling

In the hatcheries .(state and federal) the larvae are allowed to swim
up (yolk and oil giving bouyancy) in the hatching jars with the freshwater
flow and spill over into 30 gallon aquaria. These aquaria have a stand-
pipe drain surrounded by a perforated metal screen. 1Up to 1,500,000
prolarvae can be held in these aquaria provided the rate of water exchange
is one gallon per minute (Bonn et al., 1976).

If the larvae are recently arrived (i.e., transported from the place of
hatching to ancther culture facility), a close look before stocking into the
receiving water is warranted. Before stocking is the time to treat, if
necessary, for fungal or bacterial infectioms. A dip with malachite green
(0.05 to 0.1 mg/l) is recommended and can be accomplished while the shipping
container water and larvae come to receiving water temperature. When
receiving transported larvae, it is good practice to aerate their shipping
water while mjaiting for the temperatures to equilibrate.
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Transportation

Larval shipping procedures, described by Bayless (1972), Bonn et al.,
(1976) and Texas Instruments (1977c) are essentially as follows. The larvae,
concentrated by removing water from the holding container, are dipped into a
plastic bag fitted into a styrofoam box. Water is added to the bag until it
has half filled the volume of the shipping box. Oxygen is added to the
shipping water and allowed to fill the space over the water. The bag is
sealed with double castration bands and the box top taped in place. The
general density for shipping is estimated at 40-50,000 per gallon, or about
13,000 per liter. Although most of the hatcheries use their well-water
(fresh) source for shipping, we have found that additions of filtered sea-
water to bring the salinity to 5 o/oo, or the addition of penicillin-strepto-
mycin as described in the embryo section improve water quality and survival
during the shipping period. Larvae should not spend more than two days in
shipment, especially if the temperature rises above about 18°C. Upon
receipt of the larvae, the box and bag should be opened, the temperature
recorded and the larvae inspected by dipping some out. They should
receive aeration while observations of their condition are made and the
shipping-receiving waters equilibrate.

Handling Procedures

Care should be taken when handling larvae not to remove them from the
water. The tools shown in Figure 9A for handling eggs should be
used for larvae. Nets should not be used until the larvae are fully
scaled (metamorphosis). Larvae can be weighed and measured, but this is
usually on a sacrificial basis, at least until anesthetics can be used.
Larvae will respond to anesthetic variably until after yolk absorption and
successful feeding (Figure 11 e-g). After this they can be anesthetized
with certainty that they will recover, if they are not abused during the
measurement period. ' The anesthetic we found most successful was MS-222 at
50 mg/l concentrations.

In each culture system some larvae will grow slightly faster then
others. We noticed that the larger, faster growing larvae remain nearer the
bottom, while the smaller, slower growing larvae, are more often nearer the
surface. It is generally recommended that the larvae in the system be
graded to keep the size hierarchy within any one tank to a minimum. This
will improve the survival of the smaller larvae by reducing the chances for
cannibalism. The grading system we found to be most conducive to larval
survival was also the most time consuming. It consisted of lowering the
water level in the tank until all fish were visible and with glass beakers
dipping the selected fish into a holding container. At times it was easier
to remove only the larger omes and leave the smaller ones in the tank which
was then refilled with culture water. At other times, the quickness of the
larger fish made it easier to remove all of the smaller fish to another
tank. This is also a very good time to observe the growth and condition
of the larvae in the culture tanks easily.
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Maintenance Procedures

Culture Vessels--

A variety of culture vessels has been uaed in large scale larval
rearing. Most of the hatcheries in the southeastern United States rely on
flowing freshwater for their systems which may involve rectangular tanks,
aquaria or screen cages in the ponds to rear the larvae prior to stocking in
ponds at 6 to 20 days after hatching (Bonn et al., 1976). Several recircu-
lating or closed filter system and tank combinations have been utilized.
Rhodes and Merriner (1973) described a culture system composed of a 10 foot
in diameter pool (900 gallons) with three filter pans of fiberglass wool and
activated charcoal. Their system was used to rear prolarvae successfully
through metamorphosis at 0-6 o/oo and 17-27°C. McIlwain (1975) reported
using a series of 1000 gallon rearing tanks connected to a filter tank of
shell material (Figure 22A) in which prolarvae were successfully reared
through metamorphosis at 2 o/oo. Lewis and Heidinger (1976) favored
an upflow rearing tank (Figure 22 B) which was part of a large
scale closed culture system equipped with both rapid sand filters and bio-
filters on a well-water source.

The system we utilized for most of our larval rearing was similar to
the semi-recirculating system described by Houde and Ramsey (1971). This
system had not been used for striped bass larvae, although it had been used
with success for many marine fish species. We found this static prepared
tank rearing system successful. It has the following advantages which we
feel make it particularly well suited for laboratory rearing: 1) it is
uncomplicated; little or no complex equipment is required; 2) it is rela-
tively immune to weather and temperature changes which plague systems
relying on natural water supplies; 3) the life support system is an integral
part of the culture watex, and fish do not have to be separated using screens
so that the water can be treated and returned; 4) dissolved oxygen may be
maintained at a high level without excessive aeration. Disadvantages in-
clude: 1) the system may be unsuitable for high volume hatchery operations;
2) some care must be exercised to prevent introduction of foreign
algal species.

Culture containers consisted of 55 gallon (208 1) polyethylene drums
and 175 gallon (662 1) fiberglass tanks. Over each container at a height
of about one foot were mounted banks of fluorescent lamps. The light
levels used, four forty-watt cool white bulbs per 175 gallon container
and the equivalent of two per 55 gallon container, could probably be
halved. Light was supplied continuously. Culture water was made by
mixing tap water delivered through non-metalic plumbing with filtered sea
water to a salinity of 6 to 8 o/oo. This salinity was used with the
following considerations in mind: a) it was well within the tolerance
range of striped bass larvae; b) it prolonged the life of the brine
shrimp nauplii supplied as food; ¢) it reduced the probability of Sapro--
legnia proliferation; and, d) it was a more amenable salinity for the
flagellate species used to maintain the system.

The algal species used in the system was a euryhaline, eurythermal
tide pool flagellate, Brachiomonas, which was supplied by Dr. Paul
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Hargraves of the University of Rhode Island. In its natural habitat this
species is subjected to rapid changes in temperature and salinity. Pools
are frequently enriched with bird droppings, hence this species is tolerant
of and capable of using ammonia, a prime metabolite of both larval fish and
brine shrimp, as a nitrogen source. Flagellates were chosen because, being
motile, they would remain throughout the water column and not sediment to
the bottom of the tank. Their rapid generation time allowed them to respond
to changes in nutrient level in the system.

Low level aeration was supplied to keep the culture well mixed. The
culture water in each tank was enriched to the proportions of Guillard's
F/2 algal culture medium (Guillard, 1975). These nutrient levels were non-
toxic to the larvae and promoted algal growth. Deleted from the algal
medium was any nitrogen source. This was supplied by the larvae and their
food. As the larvae developed and were graded and the algal medium in the
system was renewed, the salinity was increased so that metamorphosing larvae
were at 25 o/oo. As the larvae reached metamorphosis they were transferred
into running sea water systems.

Stocking Density--

The stocking density reported by McIlwain (1975) was 5-60 prolarvae per
liter in the recirculating system. Rhodes and Merriner (1973) suggested
that stocking in a system such as the one they described should be limited
to 100,000 per 900 gallons, or about 30 per liter. Lewis and Heidinger
(1976) reported stocking densities of 55 to 182 prolarvae per liter in the
various tanks in their recirculating system. Rogers et al. (1977) stocked
30 to 150 prolarvae per liter in their static experimental containers.
Bonn et al. (1976) guggest an optimum stocking rate for ponds at 100,000 per
acre for post yolk sac larvae and recommend that prolarvae be held at a

density of 100,000 per cubic meter (100 per liter). Based on information
presented above, 100 early post larvae stocked into a liter at 18°C can be
expected to excrete at least 0.4 mg N-NH3 into and consume about 3.6 ml of
oxygen from that liter daily. This is equivalent to 5.1 mg/l or about half
of the saturated level of dissolved oxygen. Hence, stocking in excess of 100
larvae per liter is not recommended after feeding initiates. Stocking

rates should probably be 50 larvae per liter at most, especially as the
larvae develop.

Maintaining Water Quality--

In recirculating systems water quality is often poor because of filter
inefficiency and the accumulation of organic matter in the water due
partially to improper sumping (Lewis et. al., 1977). Increased organic
particulates (food and feces) may decrease the dissolved oxygen concentra-
tion by increasing the total, biological oxygen demand of the rearing
water. In our algal system, we periodically replaced a portion of the
algal population which was approaching senescence, thereby returning the
culture to more active log growth. Amy algal contaminates, such as diatoms,
were removed before they could decay and cause deterioration of the water
quality. The continued light was found to be unnecessary to ensure
maintenance of near saturated dissolved oxygen levels. Short dark periods
(approximately 4 to 6 hours) were found useful in maintaining the algal
system pH at 7.5.to 8.5 range. The recommended water quality for larval
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rearing should include dissolved oxygen levels at or near saturation,
ammonia levels <0.5 to 1.0 ppm, nitrate levels (especially in recirculacing
systems) of <56 ppm and a pH of 7-8. We recommend raising salinity and
temperature during the larval stage from about 5 o/oo and 18°¢ for prolarvae
to 5-10 o/oo and 20 C for post yolk-sac feeding larvae to 20-25 o/oo and
22-25°C near metamorphosis. Under this regime metamorphosis should be
attained within two months of hatching.

Diet--

Although most of the work has been done using just brine shrimp (Artemia)
as the exclusive diet, there are several reports of feeding larvae on brine
shrimp with some percentage of dry food added. Rhodes and Merriner (1973)
fed their larvae brine shrimp (90-50%) plus up to 50% Tetramin flakes, which
were observed to foul the rearing water. McIlwain (1975) reported success
in weaning larvae to an all prepared dry diet of commercial trout chow and
pasteurized fish (approximately 50% protein and 7.2% fat). This diet did
not apparently effect the filter capacity and/or water quality and was
moderately acceptable to the larvae. However, a number of studies mentioned
earlier in this section showed that better survival and growth of larvae
resulted on diets of live brine shrimp rather than on prepared diets. In
our systems, larvae were exposed to Artemia nauplii well before they were
capable of feeding to be certain food was available when it was needed.

For the first several weeks after hatching nauplii were supplied in excess
to each container twice a day. Uneaten nauplii were always present at the
next feeding. Later as the cumulative appetite of all the larvae in each
container increased, larger brine shrimp were fed and feedings were more
frequent. Although some bass failed to feed and died within 10 days of
their arrival, most commenced feeding without difficulty. Their bodies
could be seen to become pink with nauplii shortly after each feeding. We
also used wild zooplankton species as supplements. Table 17 presents the
caloric and percent composition of some of the live diets used for larvae.

Digestion time influences the gmount of food a larva can consume.
Al-Ahmad (1978) observed that at 25 C larvae (8, 13, and 18 days oid) had
digested the rotifers they consumed during a one hour period in 3 to 6 hours.
Larval egestion was reported as 1l to 12 hours at 20 C for 15 and 19 day old
larvae and less than 9 hours at 25°C for 9 day old larvae fed brine shrimp
(McHugh and Heidinger, 1977). Eldridge et. al.(1980) reported that digestgon
of brine shrimp varied with the size of the larvae from 1 to 5 hours at 18 C.
We observed groups (10-15) of larvae (3-5) and individuals (10-20) at each of
three constant temperatures to estimate digestion times. The brine shrimp
fed provided a natural marker (pink in the gut) and the transparency of the
larvae allowed us to make observations on full larvae at intervals of 20-30
migutes until they were empty. Digestionotimes observed were 5-6 hours at
18°C, 4=5 hours at 21 C and 3 hours at 247C.

Information presented earlier indicates that larvae can easily consume
10-20% of their dry body weight per meal. If they digest this meal in 4-5
hours, then feeding twice per day is probably just sufficient and any less
might lead to starvation. Of course, feeding more often would promote both
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TABLE .17. CALORIC AND PERCENT COMPOSITION OF SOME LIVE LARVAL FOOD ITEMS

Food Item Calories/gram Percent of Dry Weight
(ash-free, dry) lipid protein

Artemia salina

nauplii 5800-6000(1)* 15.04-27.24 42.5-50.2(1)
5454-5953(3)
adults 5115~-5854(3) 6.51 62.78(1)
Acartia clausi 5.8 82.6(4)
Acartia tomnsa 5664 + 86(2)
Calanus finmarchicus 6835 + 191(2) 10.5-47.0 30-77(4)
Calanus helgolandicus 5515 + 277(5) 11.0 75.2(4)

* Number in parenthesis refers to source: (1) Helfrich et al. (1973);

(2) Laurence (1977); (3) Paffenhofer (1967); (4) Raymont et al. (1963); and
(5) Slobodkin and Richman (1961).
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survival and growth, provided water quality was maintained. Consuming 200
nauplii each, 50 larvae stocked per liter would require 10,000 nauplii per
liter. This is almost twice the highest concentration (6.2 nauplii/ml)
tested to date (Eldridge et al., 1977). As the larvae grow, it is reason-
able to increase the size of their live diet until they can feed on ground
fish, squid, or prepared diets after metamorphosis. The diet chosen for
larvae should not contain less than about 43% protein and 5700 cal/gm

dry weight. These are values comparable to the caloric value of yolk (see

‘Section 8) which the prolarva utilizes initially.

Normal Conditions and Physiological State

Larval growth at five temperatures through the first 20 days
after hatching is shown in Figures 20 and 21 for length and weight.
Instantaneous growth coefficients on a dry weight basis for the larval
groups plotted in Figure 21 are given in Table 18 . The growth rate through
metamorphosis on the basis of larval length is shown in Figure 23 . This
figure combines growth curves from several studies at a variety of
temperatures under "excess'' rations. Compared to the growth rate
attributed to "wild" bass (temperature unspecified) of Humphries and
Cumming (1973), the other three laboratory studies (Mansueti, 1958 at 15 to
18°C; Rhodes and Merriner, 1973 at 17 to 27°C; Rogers et al., 1977 at 15 and
24 C) appear to underestimate the growth rate of striped bass in nature.

Prolarvae normally drift in a head-up position, because of the
bouyancy and location of the yolk sac (Figure 113. They make short erratic
swimming movements at this stage. Movement becomes more vigorous as the
larvae absorb their yolk material. Larvae tend, therefore, to move
passively with any currents during their prolarval period. Post yolk sac
larvae (Figure 11 d-e), however, are strong swimmers by comparison.
Activity patterns among 10 and 25 mm larvae exposed to water velocities from
static to 27 cm/sec were observed in the presence and absence of food
(Bowles, 1976). Visual cueing apparently played an important part in
feeding among these larvae. The dominant orientation for 25 to 80% of all
of the observations in this study was swimming into the current (positive
reotaxis).

Normal development proceeds as indicated in Figure 11 and Table 13 for
larvae. Larval condition may be checked by sampling and comparison of the
larval length and dry weight to that given by the equation with the
description of this stage. Histological and morphological changes during
starvation have been described for several larval fish species (Ehrlich et
al., 1976; O'Connell, 1976; Theilacker, 1978). The criteria developed to
assess the nutritional condition of these species can probably be used to
generalize starvation conditions of larval striped bass. The digestive
tract is apparently the first area to show tissue atrophy. During starva-
tion in the species investigated growth was retarded, the larvae shrank and
the soft tissues collapsed, causing the larvae to appear abnormal. Shrink-
age of starved striped bass in both length and weight can be seen in
Figures 20 and 21. A number of the abnormalities reported among fed bass
larvae, some of which may in fact be starvation related, are shown in
Figure 24 . One abnormality shown (A, bottom; B second from top) and
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TABLE 18. INSTANTANEOUS GROWTH COEFFICIENTS FOR DELAYED

FEEDING GROUPS AT FIVE CONSTANT TEMPERATURES

N Ppag——

Temperature ;:;t;:l niin;: ___Days §ince Hatching Insigzizgfous
(-] . . s
(°c) (mg)* (ng) Day of First Feeding Day Measured Coefficient:*
27 0.211 0.863 3 19 8.803
0.157 2.542 6 19 21.419
24 0.155 0.413 6 19 7.538
0.100 0.289 11 19 13.266
21 0.170 0.593 6 21 8.330
0.140 0.376 10 21 8.981
0.120 0.180 14 21 5.793
0.102 0.111 17 21 2.114
18 0.190 0.451 6 24 4.802
0.135 0.257 14 24 6.438
0.116 0.205 17 24 8.135
15 0.198 0.231 6 25 0.811
_0.145 0.174 14 25 1.657
0.125 0.195 17 25 5.558

*Determined by interpolation when the actual weight was not available (see Fig. 23)
**Instantaneous growth coefficient (Ricker, 1971).

_l_(zge Wty - log_ewtl
ta-t,

where wt), and wty are dry weight at times t), and ty, respectively.
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reported frequently from hatchery
swim (or gas) bladder.

situations is the non-inflation of the

Bulak (1976) reported that food availability and
heat stress had no effect on the time of initial inflatiom.

reduced oxygen in the water is the major factor in the failure of the swim

bladder to inflate (Bulak, 1976; Doroshev and Cornacchia, 1979).

Diagnosis and treatment of pathological conditioms occurring in larvae

have been mentioned above or are discussed in the section describing

juvenile diseases.
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Fig. 4. Pathological attrib

{n the develop of striped

bass larvae and young, Reading downwards: deformation of

the oil droplet in a 3-day-old larva; deformation of the yolk

sac at the same age: inundated pericardial sinus, age 2 days;

distortion of the notochord, age 4 days: gas bladder not filled
with air, age 35 days,

Figure 24.

It appears that

ASNORMAL LARYAE OF STRIPED sASS

FIGURE 42. Abnormai proiarva. 4.5 mm. long. showine const hesd.
::g 3. Abnormal postiarva. 3.7 mm. long, u--v:: hmw::?i‘delmke.

Abnormal postiarva. 5.7 mm. long, showine humnback and eniarzed oil ginbule.

Fliure 35.  ibmormail postlarva, 8.2 mm. long, with biue-<ae disense.

Fiever i6.
clots and ’l‘llr"d body grooves.
Ficure 47. Abnormal postiarva, 5.6 mm. long. showinz 3an almost total lack of pigment

Abnormalities among striped bass larvae reported by:

A - Doroshev (1970) and B - Mansueti (1958).
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SECTION 10

RECOMMENDED CULTURE METHODS AND BIONOMICS: JUVENILE AND SUBADULT

DESCRIPTION OF STAGE

This stage spans that portion in the life history of a striped bass
from metamorphosis to maturity. It is the adolescent stage during which
the young bass resemble the adult in scalation, form, coloration and general
behavior. From metamorphosis to their first birthday (June 1 for ageing pur-
poses), bass are referred to as juveniles, young-of-the-year (Y0Y), finger-
lings, or age group O. From the first birthday to the second, they are
generally referred to as yearlings (age group 1), and during the year from
the second to the third birthday as two-year-olds (age group II).

Metamorphosis, the end of the larval stage, begins at about 15-18 mm
total length (TL) for preserved specimens (Rogers et al., 1977). This
corresponds well to a live equivalent standard length (SL) when shrinkage
due to preservation is considered. The juvenile stage is considered to
begin at 20-30 mm SL,110 ' to 400 mg live weight and 20-75 mg dry weight.
This subadult stage extends to maturity, which varies with sex. Many males
mature during their second year and all are mature by their third year
at a length of approximately 250 mm or more. The majority of the
females mature during their fifth and sixth years, at a length of 500 mm
or greater. Maturity is considered to be at a minimum of 300 mm, about 350-
400 g live weight and about 90-160 g dry weight. Figures 25 and 26 provide
a general idea of the expected normal ranges of lengths and weigits for live
juvenile and subadult striped bass.

Similar length-weight relationships (see Table 29) have been reported
for juveniles from the Hudson River, Rappahannock River, and Albermarle Sound.
Often it is not standard length (SL) that is available, but fork length (FL)
or total length (TL). Trent (1962) found that for juveniles (20-100 mm TL)
the relationships were: FL = 0.93835TL - 0.077817; SL = 0.80388TL +
0.55750; SL = 0.84675FL + 1.22099. From our measurements we found that SL =
0.909FL - 1.805 and FL = 1.55SL - 0.196. Mansueti (1961) used a factor of
0.93 to convert TL to FL for subadults and adults, while Texas Instruments
(1973) found that FL = 4.60 + 0.902TL for subadults.

During this study we determined the caloric content of adolescent striped
bass to be 5350.8 cal/g ash-free dry weight (n=3; range 5146.4 - 5592.2)
with a mean ash content of 17.3% (9.8 - 21.4) of the dry weight. The percent
water ranged from 69 to 79% with a mean of 74.6% (n=102) for bass throughout

the size range of Figure 26.
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Figure 25. Relationship between standard length (SL) in millimeters
and body weight in grams for post yolk sac larval and juvenile
striped bass. The regression equation was calculated from transformed data.
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Figure 26. Relationship between dry weight in grams and wet weight
in grams of juvenile and subadult striped bass. The regression
equation was calculated from the transformed data.
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Wood and Hintz (1971) investigated the stability of striped bass lipids
during storage at ice temperatures. They noted the phospholipid fraction
contained the highest proportion of polyunsaturated acids and the neutral
lipid fraction contained the highest proportion of monosaturated acids in
fresh tissue. The polyunsaturated acids C3Q:;5 and C22;4 were most affected
during storage and were lost at a faster rate from the phospholipids than
from the neutral lipids. Phospholipids accounted for 40%Z of the total body
lipid composition of feeding juveniles (Dergaleva and Shatumovskiy, 1977).
Korn and Macedo (1973) determined that 2 g striped bass were 18.27 fat by
Goldfisch and column fat extraction techniques. Iodine numbers (a measure
of the relative heat stability of fat) for juvenile and yearling bass
ranged from 123 to 189 (Loeber, 1951).

Blondin et al. (1966) showed that sterol biosynthesis in striped bass
follows the same pathway as demonstrated by others for mammals, but occurs
at a significantly slower rate in bass. They reported that the primary
sterol found in bass liveris cholesterol. Squalene, lanosterol and
cholesterol were identified as metabolites of mevalonic acid. Blondin et
al. (1967) found the rate of vitamin'D formation to be small compared to the
rate of chlolesterol formation in striped bass liver.

NATURAL HABITAT

Juvenile striped bass are abundant in spawning areas and more saline
nursery areas about two months after spawning occurs. Local movements of
these juveniles and yearlings have been well documented in areas of proposed
power plants (Hudson River, Chesapeake-Delaware Canal and Potomac River) or
pump storage and canal diversions (Sacramento-San Joaquin River Valley) and
were described earlier in Section 6. Juvenile bass are first collected
in mid-June to early July, depending on time of spawning, from river
waters deeper than 6 meters (Figures 27 and 28). As the water temperature
increases, the juveniles migrate to shoal and shore zone areas. Falling
water temperatures bring net downstream movement so that by December
juveniles are generally absent from the shore zone, having either left the
estuary or moved into deeper water for winter. Apparently, the abundance
of juveniles in local areas is related to temperature, salinity, habitat
type, diel patterns, and tidal stage.

Other factors have been postulated to influence juvenile abundance in
addition to temperature. Three factors - mortality, dispersion, and gear
selectivity - were presumed responsible (separately or in combination) .
for a reduction seen in young-of-the-year abundance as the season progressed
(Trent, 1962). Observed migrations of young-of-the-year and juvenile bass
downstream from the Sacramento-San Joaquin Delta (Sasaki, 1966) probably
took place in response to food supply and/or water velocity changes.
Survival and distribution of young bass were clearly defined function$§ of
water flow in this delta system and abundance was greatest in the low
salinity zone (Turner and Chadwick, 1972). Possible mechanisms for these
relationships were discussed by the authors. A more detailed discussion of
factors affecting abundance is presented in Section 13.
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Striped bass two or three years old are not generally involved in
coastal migratioms, but they do form schools, moving about their river or
estuary area. The young-of-the-year bass also move in large schools within
the river of their spawning. These schools appear to over-winter in deeper
sections of the river. It is these schools of subadults (ages II and III)
which contribute substantially to the commercial and sport catches (see
Section 14) in the spawning rivers (Frisbie and Ritchie, 1963; Grant, 1974;
Shearer et al., 1962; Tiller, 1950).

ENVIRONMENTAL REQUIREMENTS

Table 19 summarizes the envirommental requirements of this stage.
Background information on these factors is presented in more detail below.

Abiotic Factors

Juvenlle bass were observed to tolerate 9°C rise above normal tempera-
tures of 22°C (Kerr, 1953). The maximum upper temperature avoided by juven-
iles in the summer (27. 2°C acclimation) was 33. 9 and 34.4°C, while the
maximum avoided from 5. 0°C acclimation was 12. 8°¢c (Meldrim and Gift, 1971).

No consistent relationship between salinity or light level and upper
avoidance temperature was observed by these authors. The minimum temperature
at which we have observed survival was 0 to -1. 0°C at our winter amblent

sea temperatures. Fingerling bass (30-70 mm TL) survived tests at 32. 2°¢
after reacclimation for 12 hours from 16 to 26.7°C, however all fish died when
the temperature exceeded 35°C (Davies, 1973). Texas Instruments (1976b)
found that the median thermal tolerance limit (Tqm) for YOY and yearling

bass (39-230 mm TL) changed with changing temperature acclimation throughout
the vear. During the period of falling Hudson River temperatures (26 to
11.5°C) the TL, declined from 34%¢ to 28.6° C, and during the period of

rising river temperatures (15.5 to 26°C) the TL, increased from 29 to 34°¢.
They also observed 100%Z mortality among yearling bass during 96 hours aftera
temperature drop from 15 to 2 C. However, none of the bass tested showed
loss of equilibrium or death with a drop from 10 to 2°C. These juveniles
failed to avoid lethal temperature conditions when acclimated to temperatures
less than 9.5 C in Hudson River water. The upper avoidance temperature was
22.5, 29.0, and 32. 0°C when the bass were acclimated at 9. 5, 15-17, and 27° c,
respectively. The long-term preferred temperature was determlned to be 29-31,
26-27, 23-24, and 14=-17°C for acclimation temperatures of 24, 21-22, 17, and
6°C respectivelv (Texas Instruments, 1976b). Optimum temperature ranges for
the growth of Juveniles have been reported as 14-21°C (Davies, 1973; Krouse,

1968) and 15-27°C (Bowker et al., 1969).

Juveniles have been found generally in waters of 0-11 o/oo (Dovel, 1971)
or 4-13 o/oo (Clark, 1968). There appears to be some interaction of tempera-
ture and salinity on survival or tolerance. For example, juveniles survived
abrupt transfers bgtween salt and freshwater at temperatures over a
range of 12.8-21.1 C, but were not tolerant of transfers from freshwater
to saltwater of 7. 2°C within that temperature range (Tagatz, 1961). These
tests were performed using mixed salt and freshwater with the resulting pH
ranging from 7.4 to 7.6. We have successfully shifted juveniles and yearlings
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TABLE 19.

ENVIRONMENTAL REQUIREMENTS OF STRIPED BASS JUVENILES AND SUBADULTS

ABIOTIC FACTORS

Survival Range

Optimum Conditiomns

Temperature
Salinity
Dissolved oxygen
Light

Turbidity

Diet
Density
Predators

Disease and Parasites

0-30°c
0-30 o/o0o0
>5% (2.4 mg/1 @18°¢C)
no adverse effect
0-10 mg/1%; 0-2 g/1*

BIOTIC FACTORS

>10 & <25°C

10-30 o/oo

air saturated
natural photoperiod

<4 mg/l+

5-8% body weight (wet) per day

10 to 2 bass per 100 liters

some in natural habitat

summarized in Table 24

+ bentonite
* uncontaminated suspended

sediments
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directly from freshwater to seawater of 28-32 o/oo both at moderate (15-20°C)
and low (0-5°C) temperatures. Juveniles (85-105 mm FL) acclimated to 15.6°C
in freshwater showed a 50% mortality at 31-34.4°C, while the 50% mortality
for those acclimated to 11°C in freshwater was observed at 29.4=30.6°C
(Loeber, 1951).

Klyashtorin and Yarzhombek (1975) determined that an increase in salin-
ity up to 10 o/oo produced a short-term increase in oxygen consumption which
normalized as the fish adjusted to increased salinity. Meldrim et al. (1974)
reported mean resting and active oxygen consumptions at various temperatures
and 0, 6 and 12 o/oo salinity. For bass 14.5 to 26.8 cm TL, resting oxygen
consumption was 90 mg/kg/hr at 13°C and 209 mg/kg/hr at 20°C at 0 o/oo,
and 196 mg/kg/hr at 19°C and 246 mg/kg/hr at 13°C at 6 o/oo. For bass 10.7
to 22.4 cm TL, active oxygen consumption was as high as 1840 mg/kg/hr at
9°C and 12 o/oco and as low as 210 mg/kg/hr at 24°C and 6 of/oo. At 26°C and
0 o/oo the mean active oxygen consumption was reported as 802 mg/kg/hr by
these authors.

Striped bass feeding frequency in our flowing seawater system deélined
sharply below 5 C on natural foods. Adults appear to cease feeding below
this temperature, while juveniles continue feeding but on smaller amounts
and less often. Feeding of subadults and adults also declined at tempera-
tures over 26°C in seawater. Wawromowicz and Lewis (1979) observed that
juveniles on artificigl foods (pelleted ceased feeding in ponds when the
temperature fell to 7 C. These bass resumed feeding when the temperature
reached 16°C.

The optimum range of dissolved oxygen for juveniles has been given as
6-12 mg/l (Bogdanov et al., 1967), or over 3.6 mg/l (Bowker et al., 1969), or
greater than 3 mg/l (Chittenden, 1972; Krouse, 1968).

Dorfman and Westman (1970) observed 807% survival among juvenile bass
acclimated to 8.5 mg/l oxygen at 20°C and 6.6 mg/l oxygen at 25.6°C to
transfers to 2.0 mg/l oxygen at 20°C and 3.0 mg/l oxygen at 25.6°C,
respectively. All of their bass acclimated at 5.9 mg/l oxygen at 32.8%
and transferred to 2.4 mg/l oxygen at 32.8°C died.

Chittenden (1972) found that the effects of handling and salinity on the
oxygen requirements of juveniles were negligible or absent for 16 to 18.5°C
and O o/oo or 10 o/oo. Krouse (1968) observed mortality after 72

hours for juveniles in multivariate experiments of 13, 18 and 25°C, 5, 15, and
25 o/oo (as Instant Ocean), and 1, 3 and 5 mg/l oxygen at pH ranges of 7.1
to 8.7 and constant photoperiod. He found best survival at 18°C and 5 or

15 o/oo with 5 mg/l oxygen levels. He suggested that bass should be able

to survive 13 to 25°c and 5 to 25 o/oo water with oxygen levels greater than
3 mg/l. However, at oxygen levels of 1 mg/l or less, complete mortality can
be expected. During a thirty day exposure period, striped bass juveniles
grew 160% of their initial body weight at average dissolved oxygen concen-
trations of greater than 7.3 mg/l, but only 130% of their initial body
weight at oxygen levels below 3.5 mg/l (Dorfman and Westman, 1970). The
average growth rate was given as 0.104 and 0.061 for the high and low oxygen
concentrations, respectively.
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geddicord et al. (1975) reported a 240-hour LC50 of 4.6 mg/l bentonite
at 18 C and 2 mg/l dissolved oxygen for 50-80 mm bass. Peddicord and McFar-
land (1978) reported a 10 day LC50 of >4 g/l uncontaminated suspended
sediment to juvenile bass at 25 o/oo, 12°C and 8 ppm dissolved oxygen. They
esgimated a 2 day LC50 of 0.4 g/l contaminated suspended sediments at 25 o/ooq,
14 C and 8 ppm dissolved oxygen to juveniles tested. The sediments were
collected from the San Francisco Bay area. The uncontaminated sediments
tested contained some heavy metals, and were made up of 83% silt, 12% clay and
5% sand. The contaminated sediments contained sulfides, heavy metals, PCBs
and DDT, and were composed of 657 silt, 2% clay and 337 sand.

Bowker et al. (1969) observed the tolerance of juvenile bass to a pH
range of 6 to 10 in rearing ponds over a range of 22 to 29%°Cc. Tatum et al.
(1965) reported a lower lethal pH of 5.3 to juvenile bass during a 24 hours
exposure period.

Sazaki et al. (1972) observed 86 to 100%Z swimming at four minutes
exposure to 0.5 to 1.0 fps velocities among 40-50 mm bass. They noted an
inverse relationship between survival and impingement velocity in experiments
with 25 to 50 mm bass. Kerr (1953) reported that 90-100% of the 25-75 mm
bass he tested were swimming at the end of 10 minutes at velocities up to
2.0 fps. Larger bass were able to resist 2 ft/sec velocities for 10 minutes
(Kerr, 1953).

Results of toxicological studies on juvenile bass are summarized in
Section 12.

Biotic Factors

Striped bass can be classified generally as opportunistic, carnivorous
feeders. A great many feeding studies to determine the natural food organ-
isms preferred as well as their relative importance in the diet have been
conducted. Some of these are summarized in Table 20 where the relative
importance is indicated as percent occurrence in the stomachs of the bass
sampled. Young juveniles (<80 mm TL) observed in pond rearing studies
(Meshaw, 1969; Humphries, 1971; Harrell et al., 1977) were found to be
highly selective in their feeding. These studies determined a high selectiv-~
ity for Cyclops and against Bosmina using electivity ratios. As bass
mature, general diet preferences become evident. Young bass enter their
first fall feeding almost entirely omn invertebrates. During the second
summer of life they begin feeding on small fish, including young-of-the-year
striped bass. In the fall their diet becomes about half fish and half
invertebrates, depending on availability. By the third year, especially in
spring and summer, their diet becomes almost entirely fish (Markle and Grant,
1970; Manooch, 1973; Stevens, 1966).

A number of feeding studies have been conducted to determine the
consumption rate and growth at different temperatures and growing
conditions (i.e., ponds, cages, tanks) for a variety of diets, natural and
artificial. Much of our study was devoted to feeding studies and some
results will be presented in this section in addition to the available
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TABLE 20

PREFERRED FOODS OF STRIPED BASS

Author 2 Length of Bass food Organmism 3 Frequency of Location b
(om) Occurrence 1n Stomach
Darosnev (1970) o-9 Cyclops naupit: and -- - Moscow (1)
copepad i tes
Harper & Jarman (1972) 10-14 TL Copepods 74 Oklanhama (1)
Humpnries (1971) 14-80 TL Clagocera (Stdidea) 52-58 Virginia (2)
Copepoas (Cyclops)
Heubach et al. (1963) §-23 Copepoas 41-84 Califorma
Harper et al. (1968) 10-29 SL Capepods (Diaptomus) 67-84 Oklahoma (1)
Harper ot al. (1968) 40-69 sL Cladocera {Diaphanosoms) 82-92 Oxlanoma (1)
Heubacn at al. (1963) 25-76 Neomwsis 21-86 Caltfornia
Texas Instrusents (19765) 0-75 Ga‘.";‘r':..,ﬁ:‘::::: - Hudson River
Townes {1937) 30-110 Gasmarus &0 Huason River
Basan {1971) 50-100 AL Neomysis, Cragon 1564, 45 Delaware River
Gomez (1970) §3-100 TL Dtptara (Chsobrus & Chironomus) 1] Oklahoma (1)
Harper at al (1968) 70-89 SL Cladacera & Insecta. Fish n-1712, 13 Oklahoma (1)
Heubach et al. (1963) S0-115 Neomys1s, Corophium, Copepods 0-83, 11-95, California
Texas [nstrunencs (1976€) 764125 Gammarus, Calanoida 20;100 Hudson River
Harpar & Jarman (1972) a0-i09 T Cladocera and Copepada 73-82 Oklanoma (1)
Stavens (1966) 50-230 s1s 80 California
Gaodsan (1964) 203-254 RL Shad 76 Califormia
Ware (1971) 76-3S0 Shad and fish remains 35-47 Florida (1)
Texas Instrusents (1976¢) 116-200 Microgadus - Hudson River
Thomas (1967) 153-254 Neomysis, Fishes 32, 35 Califorma
Manoocn (1973) 125-308 L Cluperd fish 60 Albemarie Suund
Stavens (1965) 130-350 Neomysis &6 Califarma
Shapovalov (1936) 200-390 FL Fishes, Saall Crustaceams 49, 32 Californya
Thomas (1967) 280-382 Fishes 79 Californmia
Stavers (1966) 260-470 Neomysis, Fishes (Dorosoms & 25, 52 Califorma
foceus)
Schaefer (1970) 275-399 FL Mysidacea. Amphipoda 13, §7 Great South Bay
S tavens (1958) 215-763 Clupactd, Mayfly nymphs 18-100, 0-87 So. Carolina (1)
Schaafer (1970) 400-599 FL Amphipoda. Anchoa s2. 22 Great South 8ay
Manooch (1973) 305-714 L Clupeid fish 75 Albemarie Sound
Stevens {1966} 380+, 480+  Fishes (Dorosoma & Roccus) 0 California
Schaefer (1970) 600-940 FL  Amphipoda, Fishes (Anchoa & 13, &4 Great South 3ay
Urophyc$)
Jol(lgg:zl'l Calhoun »305 Neomys1s, Cragon, Anchavy 2-20, 35. 1} Califorma
Thomas (1967) »406 Fishes 95 Califormia
Goodson (1964) §33-863 AL Shadg 99 Califorma
Hollls (1952) - - Flshes (Mennagen, Spot, Croaker) 10-100 Chesapeake Bay

8 Includes only stuaies reported where more than 20 fish were examined.

b  0f scudy, mmoer in parenthesis indicatas hatchery source of bass:

North Carolina.
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information on the diet requirements of juveniles and subadults.

Kelley (1969) comgared growth and survival of juvenile striped bass in
freshwater troughs (20 C) fed commercial trout diets. He noted conversions
of 1.4-2.8 at feeding rates of 3-4% of body weight, with one diet (Purina
Trout Chow) yielding greater survival and growth. He concluded that a
feeding rate of 3.5%Z of body weight daily would be appropriate for commer-
cially prepared trout diets, when feeding once a day. Catchings (1973),
however, concluded feeding rates of 4 or 5% of body weight per day of trout
chow resulted in more efficient food utilization.

Powell (1973) and Valenti et al. (1976) reported the results of cage
culture feeding studies done in coastal waters of Alabama and New York.
respectively. Both found mean conversions of 1.7-4.5 dry feed:live weight

for bass groups fed mainly pelleted trout diets. One group receiving ground
whole fish-soybean meal diet had a mean conversion of 5.6 (Powell, 1973) when
fed 60% per day. We investigated growth in a cage in Rhode Island coastal
waters of 50 juveniles fed a diet of ground hake at a rate of 6-12% of their
initial live weight (Fig. 29 ). Their gross efficiency, or conversion, on

a wet:wet weight basis, was 277 from June to the July weighing, 32% from

July to the August weighing, 21% from August to the September weighing, and
17% from September to the October weighing. Although their gross growth
efficiency dropped off during the late August-mid-October period, their
growth rate continued to increase at that time (Figure 29).

Redpath (1972) conductgd growth studies of juvenile striped bass (5-10
cm) at 8, 12, 16, 20 and 24 Cand five feeding levels (1, 3, 3, and 8% of
body weight and repletion) on live sludge worms (Tubificidae). Conversion
and consumption rates were reported on_a dry weight basis. Gross efficiency
was lowest at 12°C and increased to 20 C. Maintenance requirements were
determined to be 3.37, 21, 7.5 and 11.5 mg/g/day at 8, 12, 16 and 20°C,
respectively. He observed higher growth rates over a greater consumption
range with greater efficiency at 16 C than at any of the other temperatures
studied.

During our study a numbér of feeding experiments on juvenile and sub-
adults was performed. A number of diets was utilized. Most were readily
consumed by the bass - live and frozen brine shrimp, squid, a moist 'pellet”,
menhaden and herring - if presented in a size they could eat. Other diets,
especially the dry pellets and some fish, were often not consumed, nor did
the bass show any interest in them. Some of the more successful diets and
their feeding level estimates are described briefly below.

A feeding study to determine the consumption levels of live brine
shrimp post-nauplii and adults by juvenile bass (28-65 mm FL) was performed
at 25 o/oo. Two groups were tested at each of three temperatures (18, 21,
24°C). Each group was fed to satiation once a day during three consecutive
one week periods. Bass were weighed weekly. A record of the wet weight
consumed was maintained for each group. Consumption rate expressed as
percent of body weight (wet) per daily meal ranged from 20 to 34% at 24°C,
16 to 30% at 21°C, and 15 to 28% at 18°C. The gross growth efficiency ranged
from 2 to 13% at 24°C, 7 to 11% at 21°C, and 6 to 10% at 18°C for these groups.

114



TEMP, °C
- N
O O
T
I

o
o)

1 I L]

100 |- {/////

WET WEIGHT, g
)
o
T

- W
O O
I 1

FORK LENGTH,cm
-
o O
| —

o | |
JUNE' JuLY

Figure 29. Growth in weight and length for juvenile striped bass held
in ambient sea water in a cage. They were fed on a diet of ground hake
in addition to the natural prey available in the water column.
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During a one week period two individual bass per temperature were observed.
Their gross efficiencigs when fed to satiation on live brine shrimp daily
were 5.9 and 11% at 24 C, 8.2 and 9.3%Z at 21°C and 4.6 and 5.7% at 18°c.

A study to determine growth and conversion among juveniles (6-10 cm FL)
fed cut squid at five levels (2, 4, 8, 12 and 15% body weight wet basis) in
groups of 20 bass in ambient filtered seawater was undertaken. The mean
growth results are shown in Figure 30 for these five feeding levels. The 2%
ration was obviously belog the maintenance requirements over the average
temperatures of 18 and 20 C for the two periods. Although the 4% level was
adequate at 18 C average water temperature, it was about maintenance level
at an average temperature of 20°C. The gross growth efficiency for the
groups at 18 C were 40, 23, 21 and 19% (wet weight basis) for daily feeding
levels of 4, 8, 12 and 15% respectively. The efficiencies at 20°C were only
3, 21, 27 and 16%, respectively.

A comparison of two diets was conducted on groups of juveniles and
yearlings in ambient filtered seawater at 10 and 20 C. The diets were cut
squid mantle and a gelatin-squid moist "pellet" (i.e., 48% water, 25%Z trout
cumbles, 12% ground squid and 107 gelatin binder modified from Peterson
and Robinson (1967)). Both diets were fed as 0.5 cm square pieces readily
eaten at both temperatures. The results are summarized in Table 21 for this
study where feeding was ad libitum daily. All of the calculations represented
in Table 21 are on a dry weight basis unless otherwise indicated. Percent
water was determined (wet-dry weight at 100°C) to be 83.7, 64.4 and 74.6% for
the squid, gelatin-squid diets and the striped bass, respectively. Growth
was consistently better among the squid-fed bass at the two temperatures as
was efficiency on a dry weight basis.

Absorption efficiency and net conversion efficiency were determined for
bass fed these diets at 20°C. The efficiencies calculated from the data
collected are presented in Table 22. Absorption (A), on a dry weight basis,
was calculated by subtracting the amount of feces produced (collected on
fine mesh, rinsed and dried) during the period for each diet from the total
consumed during the period. This was divided by the amount consumed giving
the absorption efficiency as a percent (X 100). The gain during the period
divided by the absorption (A) for the period for each diet and expressed as
a percent (X 100). These efficiencies were expressed on a caloric basis
using mean values of 5350.8, 5552.1, 6574.7, 5762.2 and 4841.5 cal/g (ash-
free) for bass, squid, gelatin-squid, squid feces and gelatin-squid feces,
respectively, determined during this study. The comsistently higher
efficiencies for the squid diet over the gelatin-squid diet may be a function
of the carbon and nitrogen (protein) in the diets. Carbon:nitrogen analysis
on a sample of the diets and feces indicates that the bass utilized more of
the nitrogen available in the squid diet (9.5 of 11% N) than in the gelatin-
squid diet (5 to 11.5% N). The bass also appeared to utilize more of the
carbon available in the squid (28 of 42% C) than of that available in the
gelatin (11 of 43% C) formulated diet.

Two groups of subadults were used to determine satiation and feeding
levels at ambient sea temperatures. One group was composed of 14 bass which
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Figure 30. Growth in weight of young-of-the-year striped bass fed at fixed percentages
of their live body weight (2 to 15%) per day on cut squid at ambient sea
water temperatures of 18 and 20°C.
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TAR:LE 21. SUMMARY OF GROWTH DATA FOR EACH GROUP OF STRIPED BASS FED ONE OF TWO DIETS AT 10 AND 20°C

Diet Tank # of Days in Feeding Mean Dry Meight Mean Length Ration Growth  Gross Growth Efficiency
Fish Period {gm) (FL cm()’ (%4 d{ Rate Wet (1) Dry
Initial Final weight daily) (% daily)

20°C
Cut Squid 1 18 12 3.0 3.85 10.04 8.1 2.0 16.39 25.0
2 32 12 7.08 8.62 13.05 6.0 1.8 19.69 30.1
3 k]| 12 4.64 5.713 11.36 1.9 2.0 16.24 24.6
4q 18 12 11.20 13.60 15.10 6.2 1.8 19.14 29.0
5 15 12 19.82 22.85 18.34 4.9 1.3 19.10 28.9
6 6 12 29.65 35.03 21.26 5.1 1.8 19.73 29.9

20°C
Gelatin 1 28 19 4.20 4.80 10.94 5.9 0.73 18.20 12.2
-Squid 2 16 19 8.73 10.17 13.79 5.9 0.86 21.69 4.6
3 21 19 6.14 8.01 12.26 7.2 1.20 24.63 16.6
4 9 19 13.30 14.40 15.66 5.3 0.43 12.15 8.2
5 6 19 20.80 22.80 18.56 5.3 0.50 14.12 9.5
6 16 19 8.51 9.12 13.66 5.4 0.38 10.55 7.1
7 9 19 13.90 14.56 16.15 7.9 1.10 20.46 13.8
8 7 19 25.57 27.01 10.95 4.9 0.73 21.80 14.7

10°C
Cut Squid 1 37 18 4.60 4.80 11.40 1.5 0.22 9.70 14.9
2 16 17 12.40  13.20 15.83 1.8 0.03 1.30 1.9
3 16 16 .20 1.80 15.31 1.3 0.32 16.00 24.3
4 8 16 16.50 17.50 17.38 1.1 0.25 14.50 21.9

10°%C
Gelatin 1 27 18 5.80 6.30 12.10 2.2 0.52 36.10 24.2
- Squid 2 21 18 9.50 9.60 14.4] 1.4 0.03 3.70 2.5
3 6 18 26.00 25.50 20.16 0.83 -0.12 -21.90 -14.58
4 27 16 6.30 6.20 12.62 0.65 -0.11 -24.20 -16.28
5 21 15 9.60 9.50 14.43 0.60 -0.05 -12.40 -8.6
6 6 15 25.60 25.60 20.18 0.54 -0.02 -5.60 -3.9
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TABLE 22. ABSORPTION AgD CONVERSION EFFICIENCIES CALCULATED FOR STRIPED BASS FED ONE OF TWO DIETS
AT 20 C AND COMPARED TO GROWW GROWTH EFFICIENCY FROM TABLE 21

Diet and Tank Wet Height Gross (growth) Absorption Conversion Efficiency
(mean final) Efficiency, % Efficiency, % (net), %
g (dry) Dry Caloric Dry Caloric
(ash-free) (ash -free)
Squid
] 15.4 25.0 98.2 98.2 25.4 24.5
2 34.5 30.1 .98.5 98.4 30.5 29.5
3 22.9 24.6 98.7 98.7 24.9 24.1
4 54 .4 29.0 97.9 97.8 29.6 28.6
5 91.4 28.9 97.7 97.6 29.6 28.6
6 140.2 29.9 97.1 96.9 30.9 29.3

Gelatin-squid

1 19.2 12.2 86.5 90.0 14.0 11.0
2 40.7 14.6 84.7 88.7 17.2 13.4
3 30.1 16.6 87.5 90.8 18.9 14.8
q 57.5 8.2 87.4 90.7 9.4 7.4
5 91.2 9.5 88.1 91.3 10.8 T 8.5




ranged initially from 32.4 to 39.5 cm FL and 410-797 g. The second group
consisted of 20 bass ranging in size from 22.5 to 27.5 cm FL and 151.5-285.5
g. Each was weighed from a stock pool into a clean 12 foot pool with flowing
seawater in August (Figure 31). Cut frozen squid became the diet, since all
was consumed at the time of first feeding. The first group of 14 during an
initial three weeks (to September) had an efficiency of 7% on a wet weight
basis. Both groups became satiated at 4-87% of their last weight when fed
daily. This rose to 12% following one day's fast. Food consumption, when
presented at more than one feeding a day, declined with each feeding. Given
satiation feedings at two hour intervals, the first was about 60%Z, the second
about 25%, and third about 167% of the day's total consumption. Over a six
week period the 20 bass group (to October) had an 187 food conversion omn a
wet weight basis. During a five week feeding period from September to
October, the 14 bass group had a 21% food conversion. These observations
were at average ambient sea temperatures shown in Figure 31. In an eight
week feeding period, from October to December, in which the water temperature
fell from 16 to 5°C (mean 11. 2° C) the group of 14 bass had an efficiency of
17%. The satiation level of this group declined to an average 2.9% of their
live body weight. This level is about one-quarter to one-half of the
satiation level observed during the two prior periods. The effects of
temperature on feeding levels are cbvious from Table 21 and Figures 30 and
31.

The density of 10-2 fish per 100 1 given in Table 19 is based primarily
on laboratory data rather than on field data where confinement is not a
problem. If the 10 bass are juveniles of 10 g live weight each, the
optimum density of 1 g per liter would be achieved. If the bass are
yearlings of 140 g each, then the density would be 3 g per liter. We
found this satisfactory for feeding activity and growth in flowing seawater
or well aerated recirculating systems. It was the greatest demsity of any
of our groups for which diet and feeding, oxygen consumption and ammonia
excretion data presented were collected. Under culture conditions, density
is important especially when the activity demands of the fish are added to
the effects of normal respiration on the water quality. Observations of
changes in respiration and excretion offer indications of activity and can,
thereby, yield a more specific determination of optimum density.

Studies on groups of juvenile and yearling bass in filtered ambient
seawater showed increased mean oxygen consumption with temperature and feed-
ing (Figs. 32 and 33). The number of bass per group ranged from 37 to 4
with mean group weights of 6 to 135 grams live weight. The effect of rearing
a 40 g bass at 20 C rather than 8°c is an average increase of at least 1.5
times in the oxygen needed for routine metabolism (Fig. 32). At 20°C the
average oxygen consumptlon increased 2.5 times with feeding, but only
increased 1.3 times at 12°¢c with feeding (Figure 33). Yarzhombek
and Kiysahtorin (1974) determined by comparison of means that metabolism
with standard activity was 1.3 times the calculated resting metabolism. Kru-
ger and Brocksen (1978) calculated the relationship between swimming speed and
oxygen consumption at three swimming velocities and five temperatures for
22-68 g bass. The relationship varied from log Y = 0.6452 + 0. 0345%X at 8°C
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Figure 32. Routine oxygen consumption (y = mg ezlkg, wet weight/hr)
determined for juvenile and yearling striped bass of wet weight (x)
over three temperature ranges (A, B and C). Regression lines
calculated for the data shown are

A: logjg vy = -0.0008 x + 2.11 (r = -0.58);
B: logig vy = -0.0008 x + 2.13 (r = =0.43);
C: log10 y = -0.003 x + 2.42 (r = -0.59).
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Figure 33. Routine oxygen consumption (y = mg Oz/kg, wet weight/hr)

determined for juvenile and yearling striped bass of wet weight (x)
begore (A) and after (B) feeding over the temperature range of 12 to
14 C and before (C) and after (D) feeding at temperatures of 20 to

22°¢.
A:
B:
C:
D:

logig v =
logio v =
log10 y =
1og1o 7 =

Regression equations calculated from

-0.0008 x + 2.13 (r
-0.0008 x + 2.24 (r
-0.0009 x + 2.18 (r
-0.001 x + 2.58 (r
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-0.43);

-0.47);

-0.42);

-0.58).




to log ¥ = 1.1778 + 0.0112X at 16°C to log Y = 1.3322 + 0.0211 at 24°C where
Y = oxygen consumption in mg/g/hr and X = swimming velocity in cm/sec.

The excretion rates of juvenile and yearling bass are influenced by
temperature, feeding and salinity. Figure 34 indicates relationships between
temperature and feeding activity on ammonia excretion rates. These results
are from the group studies shown in Figures 32 and 33. The greatest effect
of feeding appears to be on the smallest juveniles (10 g) at the higher
temperatures. The general increase for either temperature for an average
40 g bass is at least 1.5 times the rate prior to feeding. Table 23
summarizes individual ammonia excretion determinations made during this
study at a series of temperatures and salinities for juvenile and subadult
bass. There appears to be a reduction in excretion rate with increasing
salinity. It was coupled with a marked increase in survival,
especially among juveniles (Fig..35 ). This leads to the suggestion that
juvenile and yearling bass can probably be kept at fairly high densities if
the salinity is raised above that of freshwater. Figure 35 also indicates
that bass are tolerant to relatively high ammonia concentrations in fresh-
water (2 ppm) and very high ammonia concentrations in seawater (8 ppm).

In nature predators of juveniles, other than larger striped bass,
include tomcod, bluefish, and other piscivors. The subadults are not
often prey except to man.

Table 24 lists the parasites and observed site of infection in striped
bass including two parasites (Cryptocaryon sp. and Myxosporidin sp.) not
previously reported, but observed during this study. Infections are
usually not intense enough to cause mortality among wild populations unless
other stresses are present. However, under culture conditions diseases and
parasites may become epidemic. Controls for parasites are described later
in this section.

The most common abnormality reported for striped bass is "pugheadness”
(Alperin, 1965; Cheek, 1966; Grinstead, 1971; Gruder, 1930; Lyman, 1961;
Mansueti, 1960; Talbot, 1967). It has been noted among juveniles and
subadults. The osteology has been described and its causes discussed. It
is generally thought to be caused by environment and/or heredity, rather
than mechanical damage during development.

CULTURE METHODOLOGY

Capture Methods

Juveniles can be reared from larvae or caught easily using a beach
seine (100 ft. 1/4" mesh) from shoal waters. Other methods include an
epibenthic sled, tucker trawl, bottom trawl, balloon trawl (Trent, 1962),
otter trawl (Saski, 1966), or a tow net on skis (Turner and Chadwick, 1972).
Yearlings are often caught in beach seines and bottom or otter trawls.
Larger subadults are generally caught in haul seines, small mesh gill nets,
fish traps, and even by handlines. Capture methods for pond culture are
described by Bonn et al. (1976) for properly constructed rearing ponds. The
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Figure 34. Ammonia excretion rate (y = mg NH,-N/kg, wet weight/hr)
determined for juvenile and yearling striped bass of wet weight (x)
before (A) 2nd after (B) feedlng at 18 to 22°C and before (C) and
after (D) feeding at 8 to 12°C. The regression equations
calculated from the data shown are

A: log,g ¥y = 0.002 x + 0.947 (r = 0.28);
B: loglo y = -0.007 x + 1.612 (r = 0.16);
C: log.. vy =0.001 x+ 1.045 (r = 0.21);
D: logld y = 0.002 x + 1.265 (r = 0.28).
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TABLE 23. EXCRET1ON RATES MEASURED FORTY-EIGHT HOURS AFTER LAST MEAL
FOR INDIVIDUAL JUVENILE AND SUBADULT STRIPED BASS

Wet weight Number Temperature Salinity Ammonia excretion
(9) per (ec) (°/00) (N-NH3 mg/kg/day)
test

2.5-6.9 10 20 0 864.6 * 189
2.7-5.7 9 20 30 637.8 * 161
3.6-5.3 10 6 30 104.4 t 33
3.6-7.2 6 5 0 138.6 © 35
3.6-7.2 4 10 10 122.5 ¥ 56

45 1 6 0 76.6

75 1 6 0 63.6

44 1 10 10 51.4

72 1 10 10 38.4

74 1 16 30 1005.4

176 1 16 30 519.8

229 1 16 30 323.6

244 1 16 30 351.4

305 1 16 30 359.5
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TABLE 24.

FROM THE LITERATURE AND THIS

PARASITES AND DISEASES OF STRIPED BASS REPORTED

STUDY

Causitive Agent

Site of Infection

Authors

Virus
Lymphocystis

Bedsonia - Psittacosis group
Epithelocystis

Bacteria
Aeromonas, !é!?‘“ and Pseudomonas spp.
Aeromonas hydrophilia
tﬁonarocociﬁg'coluggarls
Enterobacter cloaeae
Flexibacteria (Chondrococcus)

columnaris

Myxobacteria sp.
Pasteurella sp.
Pasteurella piscicida
Vibrio anquillarum

Fungus
Branchiomyces sp.
C

aprolegnia
ungus and bacleria

Protozoan

Ambiphyra sp.
Bodomonas sp.

Chilodonella sp.
Colponema sp.

Costia sp.
Cryptocarynosis

Epistylis sp.

Gaossatella sp.
lchthxoghthirius mul tifilis
Kudoa cerebralis

Myxosoma morone sp.
ﬂxxosgoridiosis

Nosema Sp.
Ocdinium sp.
Trichodina sp.

T. davisi

Trichodinella sp. and
Paratrichodina sp.
Trichodinella sp. and Scyphidia sp.

Trichophyra sp.

Tripartiella sp.

Tremadodes

- Monogenetic
Ancyrocephaline

unidentified

Aristocleidus has tatus
Gyrodactylus sp.
Lepidaotes colliasi
Microcotyle macrura

Microcotyle acanthophallus
Microcotyle eneides

general
dermal epidermis

gills

fins

fins, kidney
external, kidney
fins, kidney
caudal peduncle

systemic
systemic
viscera systemic
systemic

ginl
fin
air bladder

gills
gills
gills
gills

gilis
gills

gills
gills
gills
brain
cartilage, bones
brain
gills
gills
gills

gills

gills and skin

gills

gi1lls; gi1lls &
skin/gills

gills

gills

gills

gills
gills

128

Krantz (1970), Paperna & Iwerner (1976b)
Wolke (1975)

Holke et al. (1970); Paperna & Zwerner
(1978b)

Mahoney et al. (1973)

Hawke (1976)

Bowker et al. (1969); Reeves (1972)
Hawke !TD'I

Hawke (1976)

Allen (1972)

Snieskzo et al. (1964)
Paperna and Zwerner (1976b)
Hawke (1976)

Meyer and Robinson (1973)
Hawke (1976)
Wales (1946)

Hawke (1976
ltawke (1976)
Paperna & Iwerner (1976b); Texas Instru-

ments (197%)
Hawke (1976)
This study

llawke 31976

Paperna 8 Zwerner (1976b)

Reeve (1972); Paperna & Zwerner (1976b)

Texas Instruments (197%)

Paperna & IZwerner (1974 and 1976b)

Paperna & Iwerner (1976b)

This study

Paperna & Iwerner (1976b)

Paperna & Iwerner (1976b)

Bowker et al. (1969); Reeves (1972);
Wolke {1975)

Paperna & Zwerner (1976b)

llawke (1976)

Hawke (1976)

Hawke (1975); Paperna & Zwerner (1976b)

Bowker et al. (1969); Hawke (1976);
Paperna & Zwerner {1976b)
Hawke (1976)

Paperna & Zwerner (1976b)

Merriman (1941)
Paperna & Iwerner {(1976b)
Merriman (1941)
Paperna & Zwerner {1976b)
Merriman (1941)
Herriman (1941)
Merriman (1941)

(continued)



TABLE 24 (continued)

Causttive Agant

Sree of Infection

Authors

« Digenecic
Distomm tornatua
p a1
. tanue

(Stecnanastoms tanveg)
D glictosomn

Leococresdiun set1fercides
b fierehine
hegcnascys 1egandarwil

Metacarcara
Ascacotylia type 52
£11nas zooum margina cun

Qiplostomuiun ¢1ex1ganaun

Diplogtomuium 3p.
Nedscus $B

Toscroqipiojtoma simma
Ces toces

Protsccepnalia larvae - type A
Proteoceonalia larvae - type B

Rhvncnobo thr ua $0eC108un
L3 bulbt !P

T S urocarcora

Acantnocaohsla
Echinarnvnchus Drotgul
aCUs (. oAgl/
Pomprornvncnus “rogzs)

Filaris runis (Dicneilonems rupruni)
Z1a 15

L%msﬁllul annslatus
(Gez1a annuistay
PniTometrrs ryora (Filaria)

Spinttnectus so. (larva)

Crut tacas
Acntheres licas s
F'.'!‘%ng“g“_

dicolor
rapaz

ﬁa i 20rags

i } ] ncf H;l:
Livonwes awaliy

Mrudines
nejocells luguorty.

msllusea
Gloentdia

Verteorata
Rigsola sarginata

Neoplasa
Neonrodiestoms

ntastine
reczun
nrestine
intestine
1ntastine
intestine
intastine &
pylaric casca

viscera

connective tisiue
ouscle

eyelens

solesn
skin
viscers

omsentaries

mesenteries §
liver

Cysts 1n visceri

plerocery 1a
intestine

ntestine

smsenterws

rectua
pertonesl of
ntestIne
large 1ntestine
ninggut
intescine
viscara, larvas

1mmature stomech

ntestine

Nesn. periconsum

stomach

intaseIine

pery toneuws

STOMACH mucosSe

viscaral cavaty &
nesentaries

intastine wall

€CIaDArssITe
san
ectoparasite
sxan & gills
ectaparasite
¢s1lls
sctoparasite
grlis

gills

mguen § git)
ath gill areh
skim

gills
coelom

rensl

winten (1901)

Linton (1898}

Paperns § lwerner (19780)
Merriman {1941)

Pagerns & Zwerner {19760}
Paperns § lwerner (19760)
Eowaras § Nannus {1968)
Overstrest (1971)

Puoerns | lwerner [1976b)
Pagerna § lwarner (1976b)

Bowser gt al {1969)

Paperns § Lmerner (19760)
Psoerna 1 Zwerner (1976b)
bowuer et al (1969)

Paperns | lwerner (19763)
Paperna § Zwerner (19760}

Linton (1901)
Linton (1924)

Paperna § lwerner (1976b)
Paperne § 2werner {1378b)

Linton (1901)
Lintwn (1901)
Carconmier § Ward (1967)

Johnson & Harxesa {1970)
wolke (1975}

Paverns b Iwerner (195760,
Pagerna § lwsrner (1976b)

Linton (1901)

Paperna L lwerner (1576b)
Linton {1501),. Merriman (1941)
Gaines & Rogers (1572)
Pacerns L Zwerner (19760)
Lintea (1901)

Merriman {1941)

Pacerna & 2werner (1978d)

Paperns § Ilwermer {(1976d)

Marviman (1941)
Pagerna § Imerner (1976d)
Mervriman {1941)
Pagerna b Iwerner {1976d)

Paperna & lwermer (1976b)

Lergy (1888). mermiman (1941)

Paoerna & lwerner (19762 4 b). nogan &
Williams (1976)

Paperva L 7werner (1976d)
Algertn {1966b):Linasay & Moran (1976)
Paperna 3 Zwerner (1976d)

Paperra & Iwerner (19750)
Paperna § Iwerner (1976d)
Homar {1366)

Helmboldt & Wyand (1971)
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best methods are those which stress the fish the least.

Post=-Capture Handling

It is generally good practice to keep any newly captured bass separate
from groups already under culture. Mixing, especially without any pro-
phylaxis, often results in loss of all due to infection of ome fish. Most
juveniles and yearlings are captured in fresh waters. Boaon et al. (1976)
suggest holding pond harvested fingerling bass for 24 hours and treating
with Furacin at 100-500 ppm with 1% salt for 2 to 5 hour periods prior to
shipping. This could probably be done for estuarine caught bass after
transporting them to their destination. Also effective, as we have found,
is a malachite green bath (1 mg/l) or a formalin bath (0.25 ml 37%Z/1).
Further discussion of disease control is presented at the end of this
section.

Transportation

Bonn et al. (1976) describe hauling pond harvested juveniles in tank
trucks with 1% salt (NaCl) and 21 ppm MS-222, or 0.35 ppm Quinaldine, to
reduce activity. They suggest hauling densities of 1/4 to 1/2 pound per
gallon (28-44 g/l) with good aeration. We have had fewer latent mortalities
when transporting juveniles in 10~15 o/o0o salinity than in freshwater (see
Fig. 36). The 10-15 o/oo salinity was made up from filtered seawater and
river water with a gentle stream of oxygen as aeration in the transport
containers. Our transport containers were polyethylene drums, or plastic
garbage cans, with heavy clear plastic (4-6 mil) bag liners. These were
filled about half (20-25 gallons) with the transport water and 50-100
juveniles. An oxygen line was run into the bag and the top tied off
around it. Thus, not only was the water fully saturated with oxygen, but
also the space above it. If it became warm, ice chunks were placed along
the top of the inflated bag and allowed to melt down the sides into the
bottom of the drum or can. This kept water temperatures below 16-18°C even
during the hottest collection times.

Recovery Period

Striped bass juveniles and subadults recover from transportation quite
rapidly. At temperatures of 16-20°C we found they eat some food as soon
as the next day after capture and transportation. In any case, some food
should be presented each day after arrival to be sure they have food as
soon as they are recovered. We found better transition to the culture
system when the bass transported at 10-15 o/oo were kept at that salinity
for a few days till feeding initiated before reducing or increasing the
salinity to that of their permanent culture water. The smaller bass
adapt very quickly whereas the larger omes require a few days longer to
fully make the transition to the culture system.

Handling Procedures

Following complete metamorphosis, juveniles can be handled with nets.
They should not be kept out of the water any longer than necessary. Dipping
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a fish out of a tank is often made easier by using some crowding device.
Juveniles and subadults are capable of rapid acceleration to avoid netting,
and crowding helps to avoid wearing the fish out chasing it around the tank.
In addition, it speeds up the process of transfering the fish.

Bass of this size are very easy to observe as they swim about the tanks.
If they are not excited or active, they can be counted or watched during
routine swimming in the tank. This is also an easy way to observe if there
are any sick or stressed fish in the system. These will usually swim slower
and/or appear darker and/or swim nearer the water's surface than the rest of
the bass.

Subadult and juvenile bass are easily weighed or lengthed, However,
they should be anesthetized during this process to prevent undue stress. We
have found either MS-222 or quinaldine to be very effective anesthetics.
These are made up in rearing water. It takes about 1-2 minutes to 'kmock the
fish out' (quinaldine is slightly faster than MS-222), and about 5-10
minutes for the fish to fully recover. The dosages of these anesthetics that
were found most effective were 0.3 g/1 MS-222 or 0.025 ml/l quinaldine.

Other anesthetics can be used. A very good review of anesthetics, their
dosages and uses for fish is provided in McFarland and Klontz (1969).

Maintenance Procedures

Culture Vessels—-

Culture vessels for juveniles and older bass can be any shape or size
provided the fish are not crowded and the construction material is not toxic.
Square or round tanks, raceways or troughs, and swimming pools have all been
used. Open flow systems using well water or seawater and recirculating
systems with various filter types have been used for juveniles following
metamorphosis. (Descriptions of some are in Section 9.)

Stocking Density--

Factors influencing density have been discussed earlier in the biotic
requirement section. In an open flow culture system, the densities can
probably be maintained on the high side (>1 g/l). However, in recirculating
systems it is probably wise not to overload the filter, especially if it is a
new system. In either event the dissolved oxygen in the culture water must
ensure at least 100 mg O, per kilogram of fish hourly (Figs. 32 and 33).

The density recommended Is 1-3 g per liter (see Table 19.

Maintaining Water Quality-—-

In a flow through, or once-used, system water quality is maintained more
easily than in a recirculating system. However, monitoring of dissolved
oxygen, temperature, salinity, and pH should be done routinely and ammonia
concentrations frequently. In recirculating systems all of these are
necessary, and nitrate-nitrite determinations should be included in the
monitoring procedures. Uneaten food and fecal material should be removed
from the culture tanks at least daily to prevent an additional source of
biological oxygen demand and possible "culture media'" for potential disease
organisms.
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Diet--

The caloric and percent composition for some of the foods of striped
bass juveniles are available from the literature and this study (Table 25).
It appears that their caloric requirements are similar to their caloric
content and they utilize diets highker in protein than fats. We observed
(Table 22) that juveniles and yearlings absorbed 977 of the squid consumed
(on a_dry weight basis) of which 28% was converted (on a dry weight basis)
at 20°¢ (see Table 21 for ration and growth of these bass). Thus, 277 of the
dry weight of this diet consumed was available for metabolism, growth, and
activity of these fish.

Feeding rate depends to some extent on the digestion time of the bass.
We used a "bead-tagging" method to determine the evacuation time for food
items fed to juveniles and yearlings at three average temperatures. Figure
37 shows that evacuation time estimated from these studies was affected by
fish size, temperature and the ad libitum ration consumed. The size of the
ration was influenced by fish size and temperature as seen in Table 21.
From our studies it appears that juvenile and yearling bass digest most of a
given ration within two to four days at l4-l6°C, but need six to nine days
for digestion at 6°C. We also observed ad libitum consumption rates at a
number of deprivation times at 18-20°C for juvenile and yearling bass.
Juveniles fed cut squid consumed the greatest percent of their body weight at
one feeding after 20-25 hours deprivation. Yearlings fed squid consumed the
greatest amount after 15-20 hours since their last feeding. Yearlings fed
commercial trout pellets (3/16"), however, consumed the maximum percentage
body weight after only about 10 hours deprivation. In each case the
maximum amount consumed did not increase substantially from the percentage
consumed at the above times when food was withheld for up to 65 hourg. Our
data indicate feeding should be daily at temperatures above about 14 C,
alternate to every thirdoday at temperatures of 5 to lOOC, and weekly for
temperatures less than 5 C. At 4-5C, bass generally do not feed actively.
This regime is recommended for naturally derived foods (e.g., squid or fish)
but not for pellets. Pellets should be presented more frequently since
consumption rate per feeding appears smaller and digestion time may be faster
than for natural foods. We were able to utilize pellets as a satisfactory
diet (i.e., were eaten and promoted growth) only at temperatures in excess
of 18-20°C.

Juveniles (5-12 cm FL) could easily consume food items of up to 3 mm
diameter, but preferred those 2 mm in diameter. Yearlings (13-16 cm FL)
were observed to consume food particles up to 8 mm diameter, but preferred
those 2-4 mm. Yearlings+ (18-23 cm FL) consumed items up to 12 mm diameter,
but more often consumed those 6-8 mm in diameter. The food particles tested
were discs cut from frozen squid mantle with a cork borer set. The mantle
was about 1-2 mm thick. All bass usually consumed the smaller sizes when
mixed sizes were offered.

Growth of juveniles and yearlings fed ad libitum on two diets that were
acceptable over a temperature range is shown in Figure 38. It appears that
a diet of squid provided a slightly more uniform and comsistently increasing
growth rate than did the moist gelatin-squid-trout starter diet. The average
temperatures for the periods was 20 (Fig. 3&), 16 (Fig. 38B to date 40), and
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TABLE 25. CALORIES AND PERCENT COMPOSITION OF SOME FOODS OF
JUVENILES AND SUBADULT STRIPED BASS.

Prey Calories Percent Composition % Water
per gram (dry weight)
(dry weight) Lipid Protein
Gammarus sp. 6737 + 863 (4)" 0.8 6.4 (1)
Neomysis integer (2) -- 13.0 70.9
Callinectes sapidus (3) 81.5 cal/100g 1.0 16.1 g/100g 81.2
Clupea harengus (3) 215 cal/100g 15.7 18.2 g/100g 60.1
(wet weight)
(5) 6411 68.8
Squid (3) 89 cal/100g 1.0 - 15.3 g/100g 79.3
Jode
(6) 5552 + 274 - 68.8 83.7

* Sources: (1) Phillips et al., 1954; (2) Raymont et al., 1963; (3) Sidwell
et al. 1974; (4) Slobodkin and Richman, 1961; (5) Pandian, 1970; (6) This
Study.

ok

Calculated from percent nitrogen (i.e., 11% N x 6.25).
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12°Cc (Figure 38B after day 40).

Normal Conditions and Physiological State

Normal growth for this stage has been presented for a variety of
rearing conditions (See Figs. 25, 29, 30, 31, 38, and Table 21). Typical
first year growth is shown in Figure 39 for bass taken from Hudson River,
Chesapeake Bay and Albermarle Sound nursery areas. In Albermarle Sound,
Trent (1962) observed that growth rate was almost linear among young-of-the-
year striped bass from June to November. He calculated rates ranging from
0.272 to 0.433 mm/day for the five years of his study. In the Hudsemn River,
Rathjen and Miller (1957) reported the greatest growth rate for young-of-
year during June and July, which continued almost linearly to September-
October. Texas Instruments (19%c) reported instantaneous growth rates (based
on weight) calculated from young collected by beach seine during 1973, 1974,
and 1975. The highest rates ranged from 0.0311 to 0.0407 for July-August,
while the lowest ranged from 0.0145 to -0.0157 for October-November. The
rate of growth in these locations was reported to be reduced during the winter
months, increasing again in April and May during the spring warming of these
river areas.

We calculated growth rates for various groups fed daily over’ breoad
temperature ranges during this study. Typically, juveniles exhibit a
growth rate of 0.1 to 0.3 g per day at average seawater temperatures of 18-
20°C, but only O. 001 to 0.002 g per day at 8-10°cC. Yearlings grew about
0.2 g/day at 18-22°c, 0.5 g/day at 14-18 °C, and only about 0.1 g/day at
8~12°C. 1Two year old growth was as high as 1.0 g/day at the intermediate
temperatures and lower (0.5 to 0.3 g/day) for the extreme temperatures.

We consider these to be indicative of healthy bass. It is evident that
optimal growth occurs at temperatures of generally less than 18-20°C and
greater than 10-12°c for bass during this stage.

Changes in the normal physiological state for bass of this stage from

exposure to toxic substances have been shown by a number of investigators
(see Section 12 for details). Sublethal exposure to benzene affects growth
(Korn et al., 1976a), behavior (Korn et al., 1976b), and respiration rate
(Brocksen and Bailey, 1973). Physiological responses from exposure to
cadmium and mercury (Dawson et al., 1977) have also been reported.

Courtois (1974) reported physiological effects of temperature and
salinity on yearling striped bass. Results showed saltwater acclimated
bass had significantly lower blood characteristics, crude liver fat, serum
K+, and higher serum Na+ levels than freshwater acclimated bass at a similar
temperature. Increased temperature appeared to cause reverse effects in
freshwater and saltwater acclimated bass. Freshwater acclimation at higher
temperatures resulted in lower plasma protein and higher serum Na+t+ levels,
while this resulted in seawater at lower temperatures. The metabolic
and physiologic results are fully discussed by the author. In addition,
he investigated sublethal effects of copper in relation to the established
normal for bass in freshwater and seawater. This is discussed in Section 12.
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Figure 39. Growth in length of young-of-the-year striped bass among 1973,
1974 and 1975 year classes in the Hudson River (solid lines) and mean
lengths reported for other coastal populations (individual symbols).
(McFadden, 1977a)
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Effects of 0, 2, 4 and 10 mg/l suspended bentonite on oxygen consumption
of juvenile striped bass at 18 C, 24 o/oo were reported by Peddicord et al.
(1975). Regression coefficients at 0, 2 and 4 mg/l were not statistiEEiI;
different (3.628, 3.524, 3.653), however, the regression coefficient at 10 mg/
1 (5.361) was significantly different. These observations on the response of
individual bass weighing about 7.3 g indicated a more rapid oxygen consumption
rate at 10 mg/l suspended bentonite. The y-intercepts from regression analy-
sis were -1.956, 0.580, =-1.210; and -3.134 mg/g/hr for 0, 2, 4, and 10 mg/l
concentrations, respectively. Uncontaminated suspended sediments taken from
San Francisco Bay area showed no demonstratable effect at the concentrations
tested (0-3.9 g/1 at 25 o/oo, 12°C, and 8 ppm dissolved oxygen) on hema-
tocrit levels of juvenile bass (Peddicord and McFarland, 1978). The amount
of minerals in the stomachs of these bass showed slightly significant
increases with increasing uncontaminated suspended sediment concentrations.

Dorfman and Westman (1970) observed the behavior of bass exposed to vary-
ing dissolved oxygen levels and temperatures. The bass preferred higher
dissolved oxygen concentrations. Chittenden (1972) observed a maximum
ventilation rate (gulps/ser) at 2-3 mg/l dissolved oxygen, declining at
lower concentrations. The behavior pattern at low oxygen levels included
restlessness at about 3 mg/l (16-19°C), followed by inactivity, loss of
equilibrium and finally death at lower oxygen levels. Meldrim et al. (1974)
observed avoidance temperatures of 22-26 and 31°C for juvenile bass accli-
mated at 17-18 and 26 C, respectively, and dissolved oxygen concentrations
vagying from high to low (4.0 mg/l) saturation levels. Bass acclimated at
18°C, 6.5 o/oco and pH of 7.2, generally avoided dissolved oxygen levels of
44~41% of saturation (4.0-3.8 mg/l).

Juvenile endurance and/or swimming behavior for various water
velocities have been tested. Kerr (1953) reported that juveniles and
yearlings endured 10 minute tests at 22°C swimming at velocities up to 30
cm/sec. This was equivalent to swimming at 6-12 body lengths per second.
Texas Instruments (1975a) found that swimming-speed capabilities increased
with increasing body length and water temperature. Critical swimming speeds
for bass 143-224 mm TL ranged from 22.9-122.0 cm/sec at 18°C. Bibko et al.
(1974) described effects of water velocity, air-bubble screens and intense
illumination on the swimming behavior of juveniles at 11.l, 4.50 and 0.6°C.
In still water bass swam randomly, but oriented and swam against oncoming
current when exposed to water velocity. When given a choice in the range of
velocities, bass swam against the current but always chosg a path
representative of the least water current. At 11 and 4.5 C, bass did not
actively cross the air-bubble screen, but did drift passively through the
screen at 0.6°C. The air-bubble screen reportedly deterred passage as
effectively at night as during the day. These authors observed that
intense illumination was only a temporary, Or passive, deterrent to bass
passage. Freadman (1978) showed that subadult striped bass use cyclic
ventilatory movements at rest and at slow swimming speeds, but switch to
ram gill ventilation at intermediate and high velocities. He determined
the transition velocity was 45.6 cm/sec, or 1.36 to 3.14 body lengths per
second (largest to smallest bass tested ), at 15 C. Bass reserve

white muscle for swimming at velocities above maximum sustainable
speeds, and use red muscle for slow to cruising speeds. He concluded that
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they are strong swimmers.

Parasite infections and diseases recorded for striped bass are
presented in Table 24. Most are reports for bass taken from natural
environments or from freshwater rearing ponds. Bonn et al. (1976) summarize
the common parasites and diseases of bass from pond culture systems providing
some items of diagnosis and treatment under pond or raceway conditions. The
most common treatment they suggest is Furacin as a bath (5-8 hours) at 22 ppm
or active ingredient. This appears to be effective for bacteria, protozoans
and Saprolegnia. It is recommended for use in ponds, tanks or in fish
trucks. They note that it should not be used in galvanized containers and
that it has been banned by the U.S. Federal Drug Administration.

Culturing our bass in ambient seawater raduced infection by many of
the freshwater and brackish water parasites that have been reported (Table
24). However, we experienced infections of marine Trichodina sp. in addition
to two other protozoan parasites not previously reported for striped bass.
These are Cryptocaron sp. and Myxosporidin sp. Unlike the freshwater
culturists, we relied on either malachite green or formalin for treatment
of infected bass in our systems. Two useful references that review the
effectiveness, usage, and efficacy of these two therapeutics are Nelson
(1974) and Schnick (1973). Table 26 summarizes the treatment we recommend
for the various parasite groups reported to infect bass. It is suggested
that the baths recommended for fungus, protozoans, and crustacea be
repeated every 2 or 3 days for a week to knock out these parasites completely.

The relationship between disease and environmental stress has recently
been reviewed extensively by Sinderman (1979). Culture systems are poten-
tially stressful environments. This is a situation the culturist must
strive to avoid. Assessing the health of cultured fish should consist of
routine examinations, especially visual observations, by the culturist.
Hematological techniques (Blaxhall, 1972; Hickey, 1976; Wedemeyer and
Yasutake, 1977) and other clinical methods have been proposed as tools for
this assessment. (Wedemeyer and Yasutake (1977) provide a very good
description of methods and their interpretation.) A number of studies have
reported some of the hematological values for wild and laboratory reared
striped bass (see Section 5) to which comparisons of wvalues from cultured
bass may be made. In some cases only histopathological examinations and/or
simple staining of impressions or smears will allow disease or parasite
diagnosis. Ribelin and Migaki (1975) provide additional descriptions to
those given below of both infectious and noninfectious diseases.

During the course of this study, we submitted fish or posted tissue
from both bass in our holding tanks and those collected in the field
(juveniles and adults) to the URI Marine Pathology Laboratory. At the
Laboratory the material was examined, generally histopathologically, and
a diagnosis or findings were reported to us. Table 27 presents a summary
of the findings by 'agent' responsible for the lesions observed histo-
pathologically from samples submitted.

Lesions seen in the gill accounted for the majority of the pathological
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TABLE 26.

(SEE TABLE 24. FOR SPECIFIC PARASITES)

TREATMENT RECOMMENDED FOR SOME OF THE PARASITE GROUPS COMMON TO STRIPED BASS

Type of Parasite

General Appearance of Infection

Treatment Recommended

Virus and Bedsonia

Bacteria

Fungus

Protozoans

Trematodes

Cestodes and Nematodes

Crustacea

Hirudinea

Mollusca

white, wart-like growths on skin and/or
gills

varies with specific organism; diagnosis
requires histopathological preparation of
tissues

white cottony growth on skin and fins
varies with organism, but some are

visible at high power from scrapings
and staining of gills and/or skin

organism visible under low power
magnification in gills or gut

internally visible if fish is sacrificed

whiteish spots visible at low power
on gills and/or skin
visible attached to skin or fins

visible (valves at low magnification)
on gills

none known

varies with organism of infec-
tion; antibiotics administered
in water or food

bath, malachite green at 1-3
mg/1 for hour

bath, formalin at 1:4000 (250
ppm) for 30 min. (to 60 min.);
or malachite green 1:200,000-
400,000 for 30 min.

salt bath (at least 1%) if in
freshwater; formalin bath at
1:4000 for an hour

usually low key and not a
probiem unless fish is under
stress

bath, formalin at 1:4000 for
30-60 min.; salt bath if in
freshwater

low key; salt bath

salt bath




TABLE 27.

INCIDENCE OF LESTON TYPE

Etiologic Agent

Number of Cases

(n=150)

Epitheliocystis 44
Exrgasilus labracis 25
Philometra rubra 12
Microcotle macrura 1
Trematodes (unclassified) 12
Diplostomulum sp. (metecercaria) 10
Pomphorhynchus rocei 23
Stephanostomum tenue 5
Lymphocystis 3
Saprolegnia sp. 1l
Aeromonas sp. 2
Mycobacterium sp. 2
Fibropapilloma 1
Nephroblastoma 1
Trichodina davisi 25
Trichodinella sp. 12
Glossatella sp. 1
Scyphidia sp. 2
Oodinium sp. 5
Cryptocaryon sp. 2
Myxosoma morone 4
Myxosporidiosis (unclassified) 9

5

Glochidia
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findings from material examined. Lesions were present in 102 of the 150
gills submitted. These represented inflammatory changes (necrosis and
cellular infiltration by mononuclear and neutrophilic cells), circulatory
changes (hemorrhage, edema and congestion), growth disturbances
(hypertrophy, hyperplasia and squamous metaplasia), and physical lesions
(cyst formation). Figure 40 presents observations of normal gill filaments
as well as representative lesion responses among striped bass.

A wide variety of lesions could be noted involving the skin and at times;,
the underlying skeletal muscle. Acute and chronic dermatitis was associated
with dermal congestion, hemorrhage,ulceration and necrosis. The origin of
the lesions seen involving the skin included bacteria (Aeromonas and
Mycobacteria), virus (lymphocystis disease), parasites (Figure 4] a,b, and
c: Trichodiniasis, Scyphidiasis, Cryptocaromasis), physical (cysts of
metacercarial origin) and fungal (Saprolegnia sp.). One case involved a
neoplasm of the skin (fibropapilloma, Fig. 42 c). Fifteen cases had
abnormalities relating to diseases of the skin and underlying skeletal
muscle. Primary involvement of the skeletal musculature occurred in 5
cases. Inflammatory lesioms (acute and chronic myositis), necrotic
myositis, acute myolysis, and granulomatous myositis were the primary
lesions. These could be attributed to a variety of etiologies including
bacteria (Aeromonas liquefaciens, Mycobacteria), parasites (metacercarial
cysts and granulomas) and fungi (Saprolegnia sp.). Twelve cases had
abnormalities of bone or cartilage. Seven cases were associated with
lesions of cartilage of parasitic origin (Fig. 41 d and e: Myxasporidian
cysts and Myxosoma morone).

Lesions associated with the nares (Fig.42a) were composed of
inflammatory (chronic and acute rhinitis of mononuclear cell response),
physical (cyst, Fig. 42 c), and parasitic (Trichodiniasis, Fig. 42 b) types.
Four cases of 150 submitted involved the nares. Tissue responses of the
nares were similar to those of the gill.

Abnormalities of the kidney were mot common but striking when they
appeared in histopathological sections. The majority of diagnoses of
disease involving the kidney were related to parasitic infestations
(protozoal cysts, granulomas, and parasitic cysts of nematodes, trematodes,
and acanthacephala). Renal tubular dilation was observed to occur in two
cases with proteinaceous casts present in the renal tubules. Neoplasia
(nephroblastoma Fig. 42d) occurred in one case involving a female
striped bass (94.5 cm FL) taken on the spawning grounds. This is a rare
neoplasm and the second report of such in a striped bass (see Table 24).
Abnormalities involving the head kidney were seen in 8 cases. All cases
involved parasitic cysts or granulomas in the parenchyma of the head kidney.

The spleen had disease changes associated with follicular hypertrophy,
follicular atrophy, inflammation (granulomas of parasitic origin) and
cyst formation (metcercarial cysts). The spleen was involved in 21 cases
of abnormalities,the majority of which were parasitic in origin.

Many types of lesions were observed in the liver. These included
inflammatory reactions (necrosis, fibrosis, granulomas, chronic cellular
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Figure 40. Composite illustrating lesions and infections of the gill fila-
ments of striped bass observed from histopathologic examination:
a. trematode and sections of normal gill filaments; b. Trichodina
and hypertrophied gill filaments; c. Oodinium infection;
d. Glochidia infection; e. Glossatella sp. infection;
f. early epitheliocystis; g. aneuresm; and h. myxosporidiosis cyst.
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Figure 41. Composite illustrating some parasites of striped bass skin and
cartilage: a. Trichodina sp.; b. Scyphidia sp.; and c. Cryptocaryon sp.
infecting skin areas; d. myxosporidiosis cyst in cartilage; and
e. Myxosoma sp. stained with Giemsa.
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infiltration of mononuclear-phagocytic cell origin), metabolic changes
(fatty dinfiltration and hyperplasia) and physical abnormalities (parasitic
cysts). Twenty cases involved disorders of the liver.

A congenital developmental cyst of the yolk sac was recorded in a 4
day old bass larva (Fig. 42 e).

Figure 42. Composite illustrating lesions of the nares (a-c) and other
neoplasma (d,e) and cysts (f): a. normal nares; b. Trichodina sp.;
and c. epitheliocystis in nares; d. fibropapilloma of the mandible;
e. nephroblastoma from dorsal wall of swim bladder; and f. cyst in
yolk sac of larva hatched in the laboratory.
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SECTION 11

RECOMMENDED CULTURE METHODS AND BIONOMICS: ADULT

DESCRIPTION OF STAGE

This stage encompasses that portion of the striped bass life history
from sexual maturity to death. The primary occurrence during this stage is
spawning.

This species is heterosexual, although hermaphrodism has been reported.
Schultz (1931) reported a 5.44 kg, 60 cm individual from Oregon waters ap-
parently with both maturing ovary and testis. Westin (1978) reported one
hermaphrodite from Rhode Island waters. This was a 52 cm and 1.63 kg
immature individual. Sexual dimorphism has not been observed for this
species.

Age at maturity for males and females captured from different areas is
summarized in Table 28 . Males are mature by their third year or at a
length of about 30 cm FL and a weight of about 400-500 g. Most females
mature during their fifth, sixth or seventh year or at a length of approxi-
mately 50 cm FL and a weight of 1-2 kg (Merriman, 1941; McFadden, 1977a;
Scofield, 1931). Some, however, mature during their third or fourth year
(Lewis, 1962). Usually the larger, or older, bass are female. The largest
bass recorded weighed 56.3 kg and was taken commercially at Edenton, North
Carolina (Raney, 1952). The largest bass reported taken by rod and reel
was 33 kg (Moss, 1974).

Length-weight relationships reported from different areas are summarized
in Table 29. Throughout their range it appears that after bass mature, the
males of a given length weigh less than females of the same length (Merriman,
1941; Mansueti, 1961). Growth is more rapid during the second and third
years of life, or before maturity (see Section 10) than in later years.
Growth in length of both sexes is summarized by age groups in Table 30 for a
number of areas. Bass over 14 or 15 years are a rarity.

Most of the description of gonad development during this stage has
been reported for females. Table Jlsummarizes the relationship between
gonad size and fecundity in females, to body weight, length and age for
both sexes of bass captured in different regions. Most of these data were
taken during the spawning season. Hollis (1967) determined weights of both
right and left ovaries among 28 bass. His data shows that in 14 of these
pairs the left ovary weighed less than the right ome. Vladykov and Wallace
(1952) reported the ratio of body weight to gonad weight for males and
females in Chesapeake Bay. Texas Instruments (1973) reported this
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TABLE 28. AGE AND SIZE AT FIRST MATURITY FOR STRIPED BASS

a Weight (kg)
Ares neie Ttomates  meles femalss  Ulos fomales  Author
(based on L-wt eq.)

Southern New England 3 3 (350)b 570 -— - Merriman (1941)
Hudson River - 5 _ $51 — _ Texas Instruments (1975b)
Delaware River 3 4 303 -_ 0.3 - Bason (1971)
Upper Chesapeake Bay 3 4 330 515 _ - Pearson (1938)
Potomac River 2 4 330 450 0.6 1.5 Wilson ot al. (1976)
Lakes Marion and

Moultrie - 4 610 - - - Scruggs (1957)
Sacramento-San Joaquin

Rivers - 5 - 535 - 1.8 Scofield (1931)

nAge at which at least 50% are mature.
Number in parenthesis is best approximation

available from data given by the

author.
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TABLE 29. LENGTH-WEIGHT RELATIONSHIP FOR STRIPED BASS

(Log10 weight = a log10 length + b)

Number c d Years
Area of Capture in Sex Units Slope Intercept of Source
Sample (a) {b) Samples
Maine rivers 216 1 3.049 -3.420 1964-1965 Davis (1966)
Massachusetts 400 1 2.9616 -3.2838 1956-1959 Frisbie (1967)
Rhode Island 475 7 2.851 -4.644 1973-1975 Authors' data
New York, {ludson River 2678 8 2.839 -1.825 1971-1972  Lawler et al. (1974b)
Sl M 2,956 -4,.880
3l F Y} s { 3.130 -5.340 } 1972 Texas Instruments (1973)
1120 Y 2.940 -4.886
100 M 3.265 -5.750
83 F ) s ( 3.424 -6.180 ) 1974 Texas Instruments (1975b)
10 Y 1.207 -3.329
Delaware River 100 M 3.000 -4.950
100 F } 4 | 2.911 -4.736 } 1969 Bason (1971)
Chesapeake-Delaware Canal 117 4 3.0501 -5.0001 1974 Bason et al. (1975)
Chesapeake Bay 207 M 3.234 -2,.406 .
315 F } 2 ( 3.153 -2.238 } 1957-1958 Mansueti (1961)
N anticoke River, Md. 89 7 2.894 -4,665 1974-1975 Authors' data
Potomac River, Md. 1034 M&F 4 2.9381 -10,6953 1975 Wilson et al. (1976)
(given in In)
Rappahannock River, Va. 1364 4 3.073 -5.081 1969-1971  Kerby (1972)
Albemarle Sound, N.C. 3097 6 2.9198 -1.8462 1955-1961 1rent (1962)
Keystone Reservolr, Okla. 148 2 2.7381 -2.9875 1969-1971 Erickson et al. (1972)
California 1089 1 3.0038 -2.1393 1957-1958 Robinson (1960)
Coos Bay, Ore. 1329 3 2.90679 -4,588 1949-1950 Morgan § Gerlach (1950)

c

dSexes combined unless stated otherwise, where M-male, F=female, Y=young-of-year § yearling.

Units of original measurements for welght and length terms:
1=pounds, inches FL; 2=pounds, inches TL; 3=pounds, cm FL; 4=gm, mm FL; 5=gm, mm TL; 6=mg, wm TL;
7=Kg, cm FL; 8=gm, cm.
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TABLE 30. COMPARISON OF GROWTH (mm) OF STRIPED BASS FROM VARIOUS AREASa

Mimber
) AGF GROUP
Ares of Capture 53“ fo ML W v W VI VI I R B RN am omw ay w avn Aeber
Malne, MLFI 216 150 297 408 488 556 617 658 -_ - - - -_ - - - - - Davis (1966)
Masanchusotes, HH 056 150 WS 437 S51 648 737 810 876 927 920 1006 10% 1067 1087 1105 1128 158 Frisble (1967) .
Rhode 1sland, MMHL 238 - -_— 425 503 S 648 720 863 893 954 997 100} - 12 - - - Authors® dnte
Conueit bcut , MUFL-4, HHL-9 25 128 135 %S 450 S0 610 685 %0 8w - - - - -— - -— - MHorriman (194))

Wudson River, N ¥ , MCFU L1 103 228 339 43¢ 517 542 645 6A) 666 —

67 104 232 358 459 552 637 08 770 8)S 855 909 9 846 - - - -
Delavare Cstusry, MCFL u 101 218 319 430 S30 6% 708 795 859 9)9 992 1045 - - - - I Basun (1971)

Toxas Instruments (1974s)

W24 135 297 381 422 500 E9S 704 IS4 631 B%6 06 — — - — = =
hasapesto Bay, IKFI £ 520 124 297 389 467 556 645 124 782 856 839 935 1006 903 1044 — — Hansuatt (1961)
M OM3  — 331 301 4N SUB 654 Jo6 T84 Bed 89 — — — — — — =
Potomac River, Wl , WNIL P 288 — 33 39 A9 sS40 69 785 829 &M 026 0% 90 1030 10935 — — — ilem.stal (9%)
Nanticoke River, M4 , MMFL 5 —_ - 326 450 553 S5 236 868 865 945 1007 _ -— - - — _ Authors® data
Roancke River, Va , ML 100 132 307 45 S87 658 6wy 74 M? IO g0 - - — — — = —  Doarose (196%)
. M 2403 — 356 44 465 SO} 550 S 63 8 - . = -~ - = — =
Rosnche River, M €, MH Pl C 0 4 sinoset 6o esa en 74 e e sss sor — - — —  veent end lasler (1568)
.
North Carolina, offshors, WCEL 270 137 267 %2 490 S82 667 50 @IS 88 913 953 998 WS4 1098 — — —  Molland and Yelverton (1973)
Santee-Cooper Reservolr, II.Fl‘ m 216 Y99 503 SM2 658 N4 67 — - - - - - - - - - Stavens (1958)
se wrtd 414 M0 3Se 465 520 599 eSS 79 YN &6 — — — — = = = —  Scrugg (1950)
NS5 147 260 363 431 526 63 695 M6 6N° 7 Y4 WS M3 -~ — -
Saveanch River, Ge . W.IL ¥ o203 152 200 e a1 So2 eme 787 8s6 014 853 s - — — — — - Sk (W)
Wl M 04 W6 213 M SKle 63 62— - = = - =~ = = = -
F o269 106 207 300 40 S42 612 680 -~ — — — = o~ = = = = gl aem)
Sacramento-Son Jooguin, L n I 9 286 378 463 40 sS4l 610 685 805 788 -_— - - — - - -
calle P 922 91 264 M6 4SA SIS U 636 717 795 630 047 990 1030 10B0 -~ —  —
N385 104 209 36 493 566 623 61 T W — - - — — = = =
WH [ J05  jod 240 3a9 S00 94 685 M7 8w 8% - — -~ — ~ — — — Reblnam (1960)
Coos River, Ure , MMII NA - - 368 483 575 635 695 W 0 - - - - - - - Morgan snd Gerlach (1950)

"W EL = mcan caliulated fork longth, MMIL « muan moasured fork tength, MIL » mean fork lungth, sexes combined unless Indicated otheswise
meurud to fork length (1 = 4 6 « 0 902 1L)

“Uontalns females ond bass of unhaown sex

‘l onverted from MCIL by factor of © 93 (Mansueil, 1961}

®mhis nogstive growth flgure s the result of a single, unusually sanll specimen for bis age bejng used for the calculation (Smith, 1970)



TABLE 31.

RELATIONSHIP OF GONAD WEIGHT, EGG NUMBER, BODY LENGTH AND BODY

WEIGHT AMONG STRIPED BASS OF VARIOUS AGES CAPTURED IN A NUMBER OF AREAS

. Yumper of
. < Gonad Weight = 3ody heagac 3ody Length
Arsa and ige Numper 13 Sample - Mature tggs ATa0T
sotal (gm) (zean or range) {kg) (FL,ca)
rfuason Uver, Vew Yorx
§ 2 — 451,000 — 35.1 Texas Instrumants
8 14 — 1,548,000 — 80.9 (1973)
10 3 — 1,341,000 — 48.9
Upper Chesapeake 3ay, Maryland
— 1 — 1,337,000 3.397 7Q Pearson (1938)
Chesapeaks 3ay, Maryland
I3 10 58.53 68,259 1.996 51.2 Jacxson and
5 T 594.0 856,257 3.3897 1.2 Tiller (1952)
3 13 988.0 1,682,292 7.212 $3.90
0 2 1319.0 2,310,329 9 752 92.1
oales
(2l) 16 27.1 —_— 0.55 34.0 Vlaaykov and
(3-4) |83 99.9 1.461 4.2 #allace (1952)
Ssmales
54} i 120.0 -_— 2.50 36.5
(8%} 3 735.0 — 8.67 83.2
Vaneicoke Rwver, ‘aryland
4 3 71.6-184.2 201,300-335,000 1.13-2.09 12.7-33.8 Hollis (1567}
H 3 245.0-336.6 §01,000-457,000 3.45-4 63 03.3-48.3
10 l 1650 2,207,000 14.97 100.3
Transquaxing Siver, Maryland
4 3 118-149.7 252,000-416,900 1.31-1.36 19.3-52.3 Hollis (1S67)
L} 2 427.7-343.9 $98,000-1,319,000 4.63-4.76 69.6-71.1
£.k Raver, Maryland
3 M 275.3-347.3 494,200-3531,000 3.13-5.31 60.5-61.3 riollis (1967)
10 l 1897 2,310,000 11.37 90.3
12-13 T 1966-3476 2,248,000-4,136,000 11.38-25.85 91.9-119.2
Potcmac Uver, Maryland
12-i4 4 2142-3012 3,257,000-4,864,900 20.1$-25.63 108.7-115.6 Hollis (1967)
Roancke River, Aeldem
— i -_— 14,300 1.361 —_— Joxth (1904)
— 1 — 265,300 2.041 — Merriman (1941)
— 1 — 3,220,000 22.68 — dorth (1901)
Roanoke Uver, Vorch Carolina
3 13 — 320,000 1.81-2.22 350.3-533.1 Lewis and
3 3 — 454,000 2.73-3.13 $5.9-338.2 Sonner (1966)
10 : — 1,090,000 §.33-6.7 71.1-73.4
Qf£shore, North Carolina
3 4 126-867 1,044,230-2,221,321 7.3-8.3 40-84 Holland ana
2 13 67-1253 1,067,472-3,715,339 7.7-13.6 32-98.1 Yelverzon (1973)
i0 < 180-2123 1,995,9784,057,059 9.0-19.0 89.2-109
12 2 663-914 3,304,497-5,511,038 12.2-12.7 95.3-98.7
Coos 3ay, Oregon
—_— — 900,000 3.99 — Morgan and
— 1 — 4,775,000 22.58 — Gerlacn (1950)

*\umpers :n parentheses are oest estimates from daca given by she author.
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information for the Hudson River and Wilson et al. (1976) for the Potomac
River. Their data are summarized by percent of gonad weight to body weight
for each sex during development:

Chesapeake Bay Hudson River Potomac River

M F M F M F
immature - 0.7 0.2-1.2 0.4-1.0 0.6-2.3 0.4~ 0.5
prespawning 5.0 4.8 _ _ 1.4~ 13.6 6. 7 10.3
spawning 6.3 8.3 1.4-11.1 1.1-16.7 4,1-9.1 11-16
spent - 1.3 - - 0.7-2.0 3.6-4.8

The number of eggs produced by the females (i.e., fecundity) is highly
correlated with weight, length and age. The number of eggs increases with
age, although there is considerable variabllity between individuals of the
same age group. An immature ovary contains small ova 0.04 to 0.23 mm in
diameter. A mature ovary contains both small and large ova. The large ova
average 0.16 to 0.76 mm in diameter, increasing to 1.0 to 1.35 mm at
spawning (Chadwick, 1965; Jackson and Tiller, 1952; Lewis, 1962; Merriman,
1941)., As they mature, the ova and ovaries change in color from cream to
orange to pale, or grass green. Fecundity data, mainly from individual
females, are plotted in Figure 43.

There appears to be some suggestion of abnormal egg development among
hormone induced spawnings. The success of hatching appears better among
naturally spawned eggs than among artifically spawned eggs. An indication
of this is shown in Table 32 from our studies and those of Shannon (1970).
Although the use of hormone injections for artificial spawning affects the
successful development of embryos to hatch normally, those embryos that
hatch appear, under proper conditions, to grow into normal larvae. Until
the exact nature of the apparent hormone effect on embryo development is
ascertained, natural development and spawning relying on control of abiotic
and biotic factors in the maturing bass environment outlined below is recom-
mended.

Vincent et al. (1969) reported ovarian ribosomal cistion amplification
in striped bass.

Clarke (1973) detected sodium retaining capacity of prolactin in the
pituitary of striped bass.

NATURAL HABITAT

Adult striped bass are found along the Atlantic, Gulf and Pacific
coasts of North America. They are important to sport and commercial fish-
ermen within their range. For example, the estimated marine recreational
catch for 1970 was 38.04 metric tons (NMFS, 1976). The 1974 total com-
mercial landings for the United Stateswere given as 5089.8 metric toms
(NMFS, 1976) and 5097 metric tons (FAO, 1975). Many states have size limits
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Figure 43. Fecundity of the striped bass in relation to individual
weights. The regression line indicated in the figure was fitted by the
authors to the data shown. Similar regression equatioms
are given in Section 13.
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TABLE 32. PERCENT SURVIVAL THROUGH HATCHING OF STRIPED BASS EGGS FROM

ARTIFICIAL AND NATURAL SPALININGS

Incubation Incubation Temperature (°c)
Salinity* 16 18 20 21
(o/00)

Artificially induced spawning

0 58.5 64.3 - 4.7
(561) (280) (536)

5 1.2 - 7.4 5.4
(249) (244) (185)

10 19.3 - 11.6 11.6
(165) (215) (205)

15 31.2 - 0 0
(160)

Naturally matured spawning

0 77.9 71.0 - 71.5
(384) (473) (421)

5 90 - 90 -
(10) (10)

10 90 - 90 -
(10) (10)

15 90 - 80 -
(10) (10)

+

Percent survival at 0 o/oo and 16 (60°F), 18 (65°F), and 21°C (70°F)
reported by Shannon (1970). Survivals at the other salinity-temperature
combinations are results of this study.

( ) = number of eggs per treatment.
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governing bass fishing which vary in minimum from 25 to 46 cm FL (see
Section 14).

Adults migrate primarily along the Atlantic and Pacific coasts for
spawning and feeding. It appears from tagging studies that the striped bass
from Chesapeake Bay and north tend to remain associated with a spawning
river. Also, the tendency for bass less than 2-3 years of age not to under-
take long coastal migrations seems to be supported. Coastal migrators
appear in general to be post-spawning striped bass from the lower Chesapeake
tributaries, Roanoke River and Albemarle Sound, supplemented in the Middle
Atlantic and southern New England waters by Delaware and Hudson River bass.
All indications are that striped bass from Albemarle Sound do not partici-
pate in the long coastal migrations of the bass from northern waters,
although those off Cape Hatteras, North Carolina, may participate. Bass from
South Carolina, Georgia, and Florida waters, as well as those from the Gulf
coast appear to have foregone coastal migrations in favor of the fresh and
brackish waters of their "home'" rivers. The Pacific coast striped bass
migrate extensively, but generally within San Francisco Bay and its tribu-
taries. Coastal migrations of the nature seen on the Atlantic coast are
not evidenced from tag returns along the Pacific coast (see Section 6 for
details).

The striped bass is anadromous, spawning once a year generally from
April to Jume throughout its spawning range. Ripe females, within hours of
spawning, have, however, been observed off the coast of New England during
late June and July. Data concerning spawning seasons, including temperature
at spawning times, are given earlier in Table 8. Other spawning sites
include the St. Lawrence River (Leim and Scott, 1966), rivers in Nova Scotia
and New Brunswick (Bigelow and Schroeder, 1953), Chester, Choptank, Black-
water, Transquaking, Wicomico, Pocomoke and Patuxent Rivers in Maryland
(Hollis, 1967), St. Johns and Appalachicola Rivers in Florida (Barkuloo,
1970), lower Colorado River, Arizona-California, Nevada (Edwards, 1974) and
Coos River in Oregon (Morgan and Gerlach, 1950).

Males are first to arrive on the spawning grounds in early spring.
Vliadykov and Wallace (1952) reported up to 83% males in the Choptank River,
Maryland, in March of 1937. However, for the year 1936-1937, they reported
55% of the 1211 bass they sampled from commercial fishermen in Chesapeake
Bay rivers were male. The females appear to spend more of their time off-
shore, for Holland and Yelverton (1973) found only 11.8% males in 1970-1971
off the North Carolina coast. Most of the females taken on their trawl
samples were almost ripe. Trent and Hassler (1968) reported sex ratio esti-
mates for the spring of 1963, 1964, and 1965 at 69.7%, 85.1%, and 76.9%
males, respectively, among gill netted striped bass in the Roanoke River.

After the females arrive on the spawning grounds, numerous ''rock
fights", as matings are known, can be observed. A single spawning female,
swimming near and breaking the surface, surrounded by 10 to 50 (Merriman,
1941) or 5 to 20 (our observations) spawning males account for this behavior.
This activity occurs anytime during the day, but is most often seen at dawn
or dusk. The ripe eggs are released into the water where they are exter-
nally fertilized.
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ENVIRONMENTAL REQUIREMENTS
The major abiotic and biotic factors important to the maintenance of
adults are outlined in Table 33. Requirements associated with spawning are

discussed at the end of the biotic factors section.

Abiotic Factors

Tagatz (1961) found adult strir=4 bass acclimated to temperatures
within the range of 6.7 to 30°C were tolerant to abrupt changes from salt to
freshwater at differences in temperature over the range of 7.2 to 26. 7°c.
Four oyear old striped bass acclimated at 20°C avoided temperatures of
26.7°C and had a 48 hour LD50 of 31.5°C (Gift and Westman, 1971). We ob-
served the general hardiness of adults during our maintenance of continuous
laboratory populations throughout four years with little difficulty. The
groups were generally in ambient seawater (0 to 26°C), although changes to
freshwater during winter months have occurred within a day with no losses.
The adults we have lost during the winter succumb to sea water temperatures
of -1.0 C or less for periods longer than a few hours. Adults can survive
0°C sea water (28-30 o/00) temperatures for a few days, although it is
probably physiologically stressful. The warmest temperatures we exper-
ienced in our ambient sea water systmnwere26—28oc during early August
(see Figure 3 ). While no mortalities occurred, the general behavior of the
adults was not really normal. They swam alternately fast and slow, and did
not feed steadily as they did at slightly lower tempergtures of 20-24°cC.

It thus appears that seawater temperatures of over 26 C are probably
stressful. The broad tolerance to salinities from fresh to sea water is
evidenced by their anadromous spawning and coastal feeding migrations. The
temperature and salinity requirements during spawning were discussed in the
embryo section and below.

Adults require high dissolved oxygen concentrations especially during
warmer periods due to increased respiration. Body weight markedly -affects
respiration (see Figure 44) among adult bass. Thus, at warmer temperatures
when actively feeding, groups of adult bass can quickly deplete dissolved
oxygen concentrations unless efforts are made to maintain them continually
at saturation levels.

Biotic Factors

Food consumption is, together with density, one of the most important
factors in the environment of any cultured species. The amount consumed
must satisfy the needs of maintenance, growth and activity. The food pre-
sented for consumption must, of course, be palatable in order to be
acceptable as a diet. Food items found to be preferred among adults were
indicated in Table 20. Table 34A shows a range of daily satiation levels
for adults during our feeding studies. The foods were fresh frozen, and
cut into pleces of acceptable size to the bass. The menhaden was fed less
heads. As the temperatures dropped, so did food consumption. At 4-5°C,
adult feeding essentially ceased. However, for temperatures of 10 to 22°C,
a feeding frequency of 3 to 5% of live weight daily (Table 33) is suggested.
Based on the estimated evacuation time for a meal at these temperatures
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TABLE 33. ENVIRONMENTAL REQUIREMENTS OF STRIPED BASS ADULTS

ABIOTIC FACTORS

Survival Range Optimum Conditions
Temperature 0-26°¢ >10 & <24°C
Salinity 0-30 o/o0 10-30 o/o0
Dissolved oxygen >8% (6.0 mg/l @ 18°¢c) air saturated
Light no adverse effect natural photoperiod
Turbidity ingufficient data insufficient data

BIOTIC FACTORS
Diet- 3-5%Z body weight (wet) daily
Density 2.4 g/1 maximum (110 kg/45 m3)
Predators none except man

Disease and Parasites

for summary see Table 24

157



8ST

1000

|
L
~
o .
E s
= =
o
-
a 100
= -
- [
)
Z
o |
O -
N -
o
10
10
Figure 44.

e |4-16 °C

o 8-12 °C
o
o
0

L1l Lo v b L by

100 1000 10 000
WET WEIGHT, g

Relationship of oxygen consumption (mg02/hr/fish) to wet weight (g)

for striped bass subadults and adults at two temperature ranges. The line is
the best fit of data at 14-16° C, where oxygen consumption = 6.672 W

(n = 8; r = 0.995).



6ST

TABLE 34. A. DAILY FOOD CONSUMPTION LEVELS FOR STRIPED BASS FED TO SATIATION AT DIFFERENT
AMDIENT SEA TEMPERATURES
EVACUATION RATES FOR STRIPED BASS FED DAILY TO SATIATION

| =]

Temperature paily Consumption Levels
A.  Weight Range No. in Range (% body welght) Na of
(g9) Group (°c) Food Type Range Average Observations
Striped bass
93-112 7 16-22 gelatin-squid 1.7-9.6 3.3 17
108-124 1 15-18 gelatin-squid 1.1-5.3 2.5 12
116-182 6 18-21 cut squid 6.1-17.1 9.4 10
152-286 20 16-22 squid, clam 3.8-12.8 5.3 25
410-797 14 16-22 squid, fish 1.4-7.9 4.6 17
482-868 14 16-20 squid, clam 1.1-8.5 4.5 23
563-1042 14 5-16 squid 0.8-7.2 2.9 21
1950 1 17-21 squid 0.4-9.6 3.0 23
1950 1 -17 squid 1.6-5.3 3.6 1
4400 1 17-21 menhaden 0.3-3.7 1.7 29
4400 1 14-17 menhaden 0.5-5.2 2.2 n
1942-12500 ki) 18-22 squid, menhaden 0.4-3.9 1.7 8
1474-12500 39 8-15 squid, menhaden  2.4-5.2 3.7 10
No. Average Temperature Estimated 505 Evacuation
B. Weight Range n During Test Time (hrs) Lsing Bead
(9) Group (°C) Returns frcm each Test

1950 1 14 66

4400 1 14 54

4400 1 19 94,72,167

4400 1 21 . 49,46,42,34,65




(Table 34B), this feeding frequency could probably be extended to every
other day. We calculated the caloric requirements at 14-16 C for an active
one and four kilogram bass and determined that this energy demand can be
met by consumption of about 3.5% menhaden or 8.5% squid of live body weight
daily.

Variation in feeding habits has been reported for striped bass appar-
ently depending on the availability of forage organisms. Hollis (1952)
reported that during summer and fall (of 1936) the principal foods in
saltwater areas of Chesapeake Bay wereanchovy and menhaden and that during
the winter months spot and croaker were dominant. In general, fish species
dominated spring through summer to fall feeding, while invertebrate con-
sumption increased during fall and winter (Stevems, 1966: Manooch, 1973).
Bass fed mainly on menhaden in Narragansett Bay and on sand lance in Block
Island Sound (Oviatt, 1977). Reduction in feeding by adults has been noted
during spring and early summer. This is probably related to spawning
activities (Hollis, 1952; Stevens, 1966).

The density recommended in Table 33 is based on successful rearing of
adults in our flow through sea water system during the course of this
study. The 2.4 g/l rate given is slightly less than the maximum density
we actually maintained. The density recommended should offer insurance
against stress especially at times of high oxygen demand. Oxygen require-
ments of adult bass are greater than those of sub-adults (Figure 44) on a
per fish basis. On the basis of oxygen requirements, the density should
probably remain 2 g/l or less.

Another factor influencing density in a culture situation is ammonia
excretion. Typical rates for adult bass measured 48 hours after their
last meal in sea water are shown below.

TABLE 35. EXCRETION RATES TYPICAL FOR ADULT STRIPED BASS AT TWO
TEMPERATURES AT 30 o/oo.

Bass Weight (g) Temperature °c) Ammonia Excretion
(N-NI-I3 mg/kg/day)

962 20.0 371.9
1950 14.5 247.2
4400 14.5 62.4

98.4

The amount of ammonia-nitrogen excreted per day by a one kilogram bass is
about one-sixth the oxygen consumed by that bass during a day. Thus,
oxygen levels are more critical for adults under culture conditions than
possible ammonia accumulations.
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Adult striped bass have few predators other than man. The diseases
and parasites of adults are those presented in Table 24. These were dis-
cussed in detail at the end of Section 10.

Some of the environmental requirements associated with spawning can
be inferred from the natural habitat section above and from the embryo
section. These would include the temperature, salinity, pH, flow and other
factors associated with successful spawning areas. In addition to fresh-
water hatchery spawning described by Bayless (1972) and Bonn et al. (1976),
several attempts have been made to spawn adults in che laboratory.

Lasker (1974) described conditions under which a single successful
spawning occurred in March in laboratory tanks. This occurred at 17°C in
50% sea water with a 15 hour light photoperiod cycle. Hormone dosages had
been administered to this spawmer.

We tried several approaches to spawning adults in the laboratory. Our
lack of spawning success was not due to lack of development on the part of
prospective broodfish, but rather to mechanical or weather difficulties.
The conditions under which bass could be spawned in the laboratory require
temperature, salinity, and photoperiod control together with sufficient
food during the pre-maturation period of four to eight months before the
desired spawning time. The following general procedures are recommended
based on our studies.

Since the adults spend the majority of their prespawning feeding periods
in coastal water, the best procedure would make use of natural photoperiod
and ambient sea temperatures. The easiest case then would be to have the
prospective broodfish spawn near their natural spawning times €.g. in the mid-
Atlantic region of April-May). To insure a greater measure of success the
adults should be captured the preceding summer, allowing at least two-three
weeks for adjustment to culture systems and initiation of active feeding.

The temperature of our ambient sea water generally falls in September
from 20 to l6°C, in October from 15 to 10 C and in November from 10 to 5°C
(Figure 3). These are ideal feeding temperatures corresponding to the
natural fall feeding migrations along the Atlantic coast. During this
period the broodfish designate should receive daily satiation feedings of
diets both palatable and high in protein and lipid. Suggested diets are
discussed below. For optimum feeding conditions, culture water should be
15-30 o/oo. The adult bass feeding frequency drops when temperatures fall
below 4~5 C. It is important that adults consume enough to provide not
only for daily maintenance, growth and activity, but also for gonad
maturation during the period of temperature decline to 5 C. Three months
is considered minimum especially for the larger females, which probably
spawned the previous year expending their energy reserves that must be
replenished. Alchough the adults are not actively feeding below about
4-5°C, food should be presented weekly and anytime the water temperature
rises above 5 C. During the month of December and January, the sea
temperature drops down to 2-3"C. This is cold enough and a period of 2-3
weeks at this temperature should provide the adults with their winter cue.
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During this period the gonads are maturing, utilizing nutrients stored during
the fall feeding period.

About the first of February the photoperiod should be extended a few
minutes each day. More important is the gradual rise in temperature and
decrease in salinity during the next few months to arrive at about 5-10 o/oo0
and 10-15°C in April. When the temperature is at about 12-15°C and the
salinity about 7-10 o/oo, the broodfish should be anesthetized and checked
for ripeness as described below under handling. After recovery the tempera-
ture-salinity levels should be maintained for a few days before reducing the
salinity to 5 o/oo and raising the temperature to 16°C. If hormone injectionms
are to be made, the best time would be at the time of checking the anesthe-
tized broodfish. The procedures then follow those outlined by Bayless (1972)
or Bishop (1975) and described below. Although it has been suggested that
bass on the spawning grounds are fasting, it is wise under culture conditionmns
to offer food to the adults when the temperature rises above 5°C even as the
time of prospective spawning approaches. After spawning occurs, it is
easiest to remove the fertilized eggs to their rearing system (see Section 8).

If two spawnings a year are desired, two groups of broodfish should be
maintained under conditions similar to that described above. Each should be
well fed after spawning for a number of months before beginning the cycle
again. This insures full recovery of the fish. One group could easily be
maintained in a system in a greenhouse to take advantage of natural photo-
period. The second group, if necessary, would have to be maintained under
artificial photoperiod.

CULTURE METHODOLOGY

Capture Methods

In freshwater, mature bass have been successfully captured using
electrofishing methods, bow and hoop nets, gill nets, hook and line, and
traps (Bonn et al., 1976). We have obtained mature bass caught in gill nets
(300' X 6' monofilament sink net with 6" bar mesh), by hock and line and
through a local fish trap company from marine waters. Gill-netting is not a
capture method usually chosen for taking fish in good condition. However,
we used this method successfully during February and March. Success in ob-
taining living mature bass from stocks overwintering in Rhode Island was due
to the low water temperatures and to the fact that the nets were fished for
only a few hours at a time. Hook and line caught bass are usually taken in
good condition, if plans are made beforehand so that a live well or other
aerated tank is available to handle the fish. Most of our mature bass were
obtained from a trap fishery. This was a successful method of obtaining
large numbers of bass at once in good condition, especially if we went along
to handle and choose fish. When choosing mature bass, size (see Table 28)
and condition are the most useful tools. Ritchie (1965) proposed a biopsy
technique to determine sex in the field from live bass. He evaluated the
effects of this technique from returns of bass tagged and released in
Chesapeake Bay (Ritchie, 1970).
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Several methods are available to obtain mature bass in spawning condi-
tion. One is to catch both males and females during the normal spawning
period in rivers and in sea water. This is the approach we followed in
1974 and 1975 in studying eggs and larvae on the Nanticoke River, Maryland.
It is the procedure practiced at the established hatcheries at Weldon,
North Carolina and Moncks Corner, South Carolina. Ripe broodfish captured
in marine waters off Long Island during May-June, 1975 were successfully
spawned.* A second approach is to catch probable broodfish during late
winter and hold them for spawning. The Moncks Corner hatchery also
utilizes this method. A third method, and one used at the Edenton Natiomal
Fish Hatchery, North Carolina, is to catch and hold adults year-round in
freshwater for spawning during the normal season. This method also applies
to holding year-round in sea-water and varying salinity during natural
spawning season as we have done. The fourth method is to catch and hold
adults year-round for out-of-season spawning. This method has met with only
partial success when tried by Lasker (1974) and by ourselves.

Post-Capture Handling

Adults should immediately be returned to aerated water of equivalent
temperature and salinity to that of capture. The fish should be out of
water as short a time as possible and handled gently to insure best chances
of survival.

Transportation

Bonn et al. (1976) suggest transporting broodfish captured in fresh-
water in tanks equipped with mechanical aeration, supplemental oxygen and
0.3 to 1.0% salt (NaCl) solution. The density during transport they
suggest is less than 45 pounds per 80 gallons (1 kg per 16 liters).

We successfully transported adults in tanks under quinaldine sedation
in sea water with pure oxygen aeration. The use of pure oxygen is essential
to reduce stress and ensure ease in oxygen consumption among the adults
stressed by transporting and handling. Our density during transportation
using the anesthetic could be as great as 1 kg per 4 1 without losses.

Handling Procedures

Careful handling of adults as with the obviously more delicate larval
stages is important. Adults can be moved, weighed and lengthed, observed
and counted as easily as juveniles and sub—adults when proper methods are
used. Whenever possible, it is wise to anesthetize the bass before handling,
This need not be a full narcotic dose, but enough to slow the large bass
down, in order to reduce stress during handling. We generally used
quinaldine for anesthetizing the adults primarily because it was quick
acting and used relatively small quantities in the large volume tanks
holding these fish. During weighing of adults they were fully anesthetized

* Dr. Robert Valenti, MULTI-Aquaculture Systems, Inc., Ammagasett, New York.
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with quinaldine at the rate of 0.02 ml per 1 in 500 1 adult anesthetizing
tank containing rearing water. The bass were transferred to this from their
larger rearing tank after the volume was reduced and enough quinaldine was
added to slow the fish down so that they could be quietly herded toward the
anesthetizing tank.

Among the handling procedures specifically recommended are the follow-
ing: 1) if at all possible, move each fish by dipping it with a quantity
of water from one container to another. We use large heavy-duty polyeth-
ylene bags to dip and move large bass or heavy duty stretchers made of poly-
ethylene. The surface of the bag is smooth and unabrasive and while it is
possible for spines to penetrate the bag we find that if enough water is
moved with the fish this virtually never occurs. 2) Move one fish at a
time. This avoids fish to fish contact which in this spiny bass may be
injurious to both. 3) Avoid letting the fish touch hard surfaces such as
boat decks, fishpens, etc. If fish do end up on the deck retrieve them
with a plastic bag or wet bare hands. Touching fish with cloth gloved
hands always results in serious injury to the fish. Rubber gloves give no
protection against spines and become so slippery that handling fish soon
becomes a matter similar to trying to pick up a wet cake of soap in the
bathtub. 4) If at all possible do not use a net of any sort to handle fish
out of water. Nets may be used to crowd fish into bags in the water. 5) It
is preferable to handle rod and reel caught fish by the hook and line on
which they were caught than to use a landing net to boat them. 6) We have
had best success handling large fish when we have aerated their holding
water with pure oxygen as soon as possible after capture. During the process
of handling each fish, a check should be made of the general condition of
the adult. If there are any with external lesions suspected of being caused
by disease or parasites, the fish should be separated and treated using a
bath or dip of formalin, or malachite green. If the extermal lesion is a
cut or abraded area resulting from netting during capture, an application
of straight iodine or mercurochrome until the area is ''red" works to kill
any bacteria on the surface and reduces the likelihood of infection.

Bayless (1972) described the handling procedure adopted for induced
spawning of broodfish. Intra-muscular injections of 125 to 150 I.U. of
choronic gonadotropin per pound are given to females during the spawning
season, when they are checked for development before being released into the
holding tanks. Multiple injections did not show any improvement in ovulation
results. The females are checked 24-28 hours later by removing eggs with a
small catheter tube through the urogenetial pore and spawning time estimated.
Generally, the female is checked about 30 minutes prior to the estimated
spawning time and thereafter every 30-45 minutes until ovulation is observed.
The female is lightly anesthetized and manually stripped. The eggs are
fertilized with milt from males held separately. Bishop (1975) reported
injecting males at the rate of 50 to 75 I.U. of CG per pound to provide
maximum milt production in his Tennessee hatchery. Texas Instruments
(1977a) administered 275 to 300 I.U. of CG per kilogram for females and 110
to 165 I.U. of CG per kilogram for males. The males at their Hudson River
hatchery received a hormone injection only if milt production appeared
limited or if second use of the male was anticipated.
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Bishop (1975) described a slight variation to this procedure used at
the Tennessee hatchery. Both females and males received hormone injections
prior to stocking in circular holding tanks, but they were allowed to spawn
naturally, not stripped. The fertilized eggs were retained in the tanks and
the adults released. This somewhat reduced the handling of broodfish.
Spawning through adjustments of photoperiod, salinity and temperatures was
discussed above in the environmental requirements section.

.Maintenance Procedures
Culture vessels--

Hatchery broodfish holding systems are described by Bonn et al. (1976).
The culture system we utilized year round is shown in Figure 45. This
system could be run totally on ambient sea water, on flow through, on
total recirculation through a rapid sand filter, or partially on both. The
water level in the tank, which held about 45,000 1, was controlled after
filling the tank by the height of the "stand-pipe" in the discharge well.
The loose threaded coupling allowed the entire tank to be emptied, since
the drain was below ground level. This system was outside and thus subject
to natural photoperiod. A similar system of two tanks holding about 8,000
1 was set up in a greenhouse for spawning purposes. The photoperiod in the
smaller system was adjustable. Salinity adjustments were made to both
systems by the addition of dechlorinated tap water. This was very important
during winter-spring spawning attempts. The outside system was covered and
insulated with hay bales during the winter to reduce wind-chill cooling.
A cover during the summer helped to keep algal populations low within the
system.

Stocking Density—-

The density indicated in Table 33 or 2 g/l maximum is equal to 110 kg
per 45,000 1. This could include, for example, 20 one kilogram bass, 15 two
kilogram bass, 10 four kilogram bass and 2 ten kilogram bass, or a total of
110 kg for these 47 adult bass. Of course, as the weight of each bass
increases, the number must be decreased to maintain the density. We
exceeded this rate during our spawning attempts utilizing the smaller
system in the greenhouse. However, this system had supplemental oxygen
aeration. It is preferable to have several large females and males composing
the broodstock, all definitely mature enough to spawn, rather than many
adults of questionable maturation state.

Maintaining Water Quality--

Water quality monitoring for the adult holding system should include
temperature, dissolved oxygen, and salinity in open flow systems. If the
system is recirculating, ammonia and nitrate should be included. If changes
are made to freshwater during spawning from a preferred marine system during
the rest of the year, the quality of the freshwater should be checked first
for chlorine, copper and other metals, and pH. If the concentrations of
these are near toxic levels, the freshwater should be treated before it is
used.
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ADULT STRIPED BASS HOLDING FACILITY

SECTION VIEW

- 73 M SAND FILTER DISCHARGE
’ SAND FILTER INTAKE

DISCHARGE
WELL
9cm. pvc plpe LOOSE —~
THREADED —>WASTE
DISCHARGE FILTER RETURN \\ COUPLING

[ ’ I l | [ K DISCHARGE WELL

PLEXIGL[\S VIEWING PORT
48x76 cm. (1.2 cm. thick)

TANGENTIALLY | SEA WATER ENTERS

RAPID SAND FILTER

76 cm. dla.
SWIMMING POOL

PUMP | ¥, hp.

Figure 45. Schematic of holding facility for adult striped bass.



Diet——

The food requirements for adults are outlined in Tables 33 and 34 and
the abiotic factor section above. Among the acceptable diet items would be
any of the naturally preyed upon species that were mentiomed previously.
Most of the fish species naturally consumed by adult bass average 15 to 19%
protein on a wet weight basis and 1.0% (squid) to 16%Z (Clupea) lipid
(Sidwell et al., 1974). Cousumption of foods high in lipid appears to be
essential for proper development and maturation of ovaries for successful
spawning. It should be remembered that the eggs have a large oil glouble.
For lipid to be stored therein, sufficient fatty acids must be present
during the development process. Our spawning attempts strongly indicated
that increased lipid content of the diet is important during the fall
feeding prior to the onset of reduced feeding with winter temperatures. It
seems that frequent sé&tiation during this period is more important to gonad
development for spawning than any feeding during the late winter-early
spring just prior to spawning. The ''spawn-not spawn decision' appears to be
a function of the materials available for development and growth at least
five to eight months prior to the spawning season.

Normal Conditions and Physiclogical State

Growth rates typically observed for adults at various temperatures in
our ambient sea water systems are indicated below.

TABLE 36. GROWTH RATES (g/day wet weight) TYPICAL FOR ADULTS
MAINTAINED IN SEAWATER AND FED DAILY

Weight Range (g) Days Average Growth, (g/day)
initial, final No. in in Temperature Per Per
(mean) Group Period (°C) Group Fish
576, 618 14+ 20 19.6 2.10 0.15
618, 767 14+ 35 18.4 4.38 0.31
767, ékl 14+ 55 11.2 1.35 0.10
2490, 3130 1 342 - - 1.87
2948, 4520 1 342 -- - 4.59
6804, 8618 1 342 - - 5.23
9752, 12470 1 342 -— - 7.95

+ See Figure 31 and Table 34.
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These growth rates are approximately 0.5 to 1% of the bass weight when
adjusted to the individual's weight. They are indicative of well fed bass
under unstressful conditioms.

We recorded activity of adults during daylight on movie film (8 mm).
Swimming speeds of adults in our holding tank (Figure 45) ranged from 0.2
to 2 body lengths, or 12 to 60 cm/sec for the bass observed. Speeds were
slower during quiet cruising periods and faster during active feeding
periods.

General behavior of adults is similar to that described for subadults.

Abnormal conditions, such as pugheadness, or disease and treatment, are as
described for subadults (Tables 24 and 26).
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TABLE 37.

SUMMARY OF OPTIMAL REARING CONDITIONS FOR THE VARIOUS STRIPED BASS LIFE STAGES

Eggs Larvae Juveniles & Subadults Adults
Prolarva Postlarvae

ABIOTIC VACTORS
Temperature 16-20% 16-21°C 18-22% >10 and <25°¢ >10 and <24°%
Salinity 2-10 o/oo 5-15 o/oo 10-20 o/oo 10-30 o/o0 10-30 o/oo
Dissolved Oxygen ailr saturated alr saturated air saturated air saturated
Light natural photoperfo: natural photoperiod natural photoperiod natural photoperiod
Turbidity < 500 ng/1® < 100 mg/1° <4 mg/1P -

BIOTIC FACTORS
Diet

Density

Predatora

Disease & Parasites

not applicable

50-75 per liter

many in natural
habitat

fungus

not applicable

50-25 per liter

many in natural
habltat

15-20% body weight
(dry) twice daily

30-10 per liter

canabalistic, many
in natural habitat

for summary see Table 24

5-82 body weight (wet)
per day

10-2 bass per 100
liters :

some in natural
habicat

for summary see
Table 24

3-52 body weight
(wet) daily

2.4 g/1 maximum
(110 kg/45m3)

none except man

for summary see
Table 24

a - fine gralped sediments

b - bentonite



PREVIOUS STUDIES

Bioassays

Embryos--

Toxicity data for striped bass eggs has been reported in the literature
for copper, zinc aud chlorine. O°Rear (1971) used 24-hour eggs per toxicant
with the same water quality as in his larval experiments (Table 40). He
found a 48-hour TLm of 1.85 (1.25-2.51) ppm zinc and 0.74 (0.605-1.73) ppm
copper. Chlorine toxicity in flowing bivassay systems was reported for
embryos by Middaugh et al. (1977), Morgan and Prince (1977) and Burton et al.
(1979). The test conditiomns and water quality for these studies are included
in Tables 40 and 41. Middaugh et al. (1977) exposed embryos continuously
from 8 to 9 hours after fertilization till hatching. The percent hatch
ranged from 56% for the control group (no chlorine exposure) to 0% for the
embryos exposed to total residual chlorine concentrations of 0.21 mg/l.

A general downward curvature of the vertebral column was observed among many
of the larvae hatching after chlorine exposure. Morgan and Prince (1977)
reported a 48 hour LC50 of 0.20 ppm chlorine for eggs exposed at less than
13 hours after fertilization and a 24-hour LC50 of 0.36 ppm chlorine for
eggs exposed when more than 40 hours after fertiiization. They observed
blistering of the chorions among many eggs exposed to higher chlorine
concentrations and noted generally slightly smaller larvae hatching from
eggs exposed to chlorine concentrations. Burton et ai. (1979) established
the effects of interaction of total residual chlorine, change in temperature,
and exposure time on survival of embryos.

Larvae and Juveniles-—

The available information on the toxicity of certain substances to
larval and juvenile bass is summarized from the literature in Tables 38 and
39, respectively. Table 40 summarizes the bioassay test conditions of each
author, and Table 41 gives a summary of the water quality of their test
water. Table 42 provides the analysis of the chemical substances used in
these bioassays. While the majority of these bioassays have been on
juveniles, the reports of actual tissue residues in bass (see below) have
usually been reported for subadults and adults.

Larvae appear to be more sensitive than juveniles, based on available
bioassay test results. Of the substances tested, larvae are least sensitive
to chloride, potassium dichromate, and sulfate. Potassium dichromate has
been recommended for the control of Monogenera and external protozoans in
aquaria and ponds, respectively. Not included in Table 38 is a report by _
Hughes (1973) of 96 hour-100% survival in Instant Sea at 14,000 ppm (at Cl )
and No Foam (Cresent Mfg. Co., Texas) at greater than 1,000 ppm.

Most of the substances tested have possible use in the pond culture
(Bonn et al., 1976) of striped bass juveniles. Copper sulfate has been
recommended in algal control. Casoron and Simazine have been recommended
for control of aquatic vegetation, but the median tolerance limit of
striped bass to Simazine is much lower than the rate reconmended for control.
Lindane and Malathion have been suggested, at a rate of 0.1-0.2 ppm and
0.5-1.0 ppm, respectively, in the control of parasitic copepods. Ethyl
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TABLE 38.

TOXICITY OF SUBSTANCES TO STRIPED BASS LAKVAEa
Subs tance 96=-nour Lng Author
(952 c.1b )
I1..TAR]

Acriflavine 5.0 (MA) Hugnes {1973)
Aldrin 0.01 (MA) Yughes (1973)
Am fyr 10.0 (NA) Hughes (1973)
Butyl ester of 2,4~3 0.15 (NA) Hughes (1971)
Caamium 0.001 (NA) Hughes (1973)
Chlaride 1000 (NA} Hughes (1973)
Chlorine 0.20 (MA) @ Morgan & Prince (1977)

0.04-0.07 incipient Middaugh et al. (1977)
Copper .05 (NA) Hughes (1973)
Copoer 0.31 (0.12-3.08)¢ 3°Rear (1971)

Cooper sulfate
Dialdrin
Diquat

Jfuron

dylox

Ethyl parathion
Formaldehyde
HTH

Iron

Karmex
Malachite green
Methylene blue

Methyl parathton
Potassium dichromata

Potassium permanganata
Roccal

Rotenone

Sulfate

Tad-Tox

Terramycin

Zinc

Iinc

0.1 (NA)
0.001 (M&)
1.0 {NA)
0.5 (HA)
5.0 (NA)
2.0 (NA)
10.0 (NA)
0.5 (M)
4.0 (NA)
0.5 (A}
0.05 (NA)
1.0 (NA)
5.0 {A)
100 (NA)
1.0 (NA)
0.5.(Ma)
0.001 (na) 4
250 (NA)
5.0 (NA)
0.0 (na) 4
0.1 (Ma)
1,18 (0.25-2.45) ©

rughes (1971)
Yughes (1973)
Hughes (1973}
Hugnes (1973)
Hughes (1971)
Hughes (1971)
Hughes (1573)
Hugnes (1971)
Hughes (1973)
Hughes {1971)
Hughes (1973)
Hughas (1973)

Hughes (1971)
Hughes (1971)

Hugnes (1971)
Hughes (1973)
Hughes (1973)
Hughes (19731)
Hughes (1973)
Hughes (1973)
Hugnes (1973)
0'Rear (1971)

3 A11 4-7 day-old larvae from Moncks Corner, Soutn Caralina, tested at 21°C,
except 0'Rear (1971) wnich were tastad i1n 14-19°C range, Morgan & ?rince
(1977) not specified, ana Middaugh et al. (1977) at 18°C.

b'NA = nat available (1.e., neither given nor calculataole).

¢ 4g-nour n,

d 96-nour LCo
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TABLE 39.

Subs tance Test 96-hour nm' Author
Temp (°C) (9st1cC.ib)
(mg/1)
Abate k] 10 (NA) Korn & Earnest {1974)
Achromycin 21-22 190 (153.2-235.6) Kelley (1969)
Acriflavin 21 21.5 (nA) Hughes (1973)
16 0 (14 7-17 4) Wellborn (1971)
Aldrin 13 0.0072 (0 0034-0.0152) Korn & Earnest {19M)
21 LC, 0 075 (MA) Hughes (1973)
2 0.ho(m) Rehwoldt et al. (1977)
Ami fur 2 I.Co 30 0 (NR) Hughes {1973)
Ammoniun hydroxide 15 19-2.85 ¢ nazel et al (1971)
2 14-2.8 _‘
Aquathol 21 610 (634-795) Wellborn (1971)
Bayluscide 2 72 hr 1 05 (0.94-1 18) Mellbarn (1971)
Benzene 17.4 10.9 ul{l (t 0 02) HMeyerhoff (1975)
16 58 ul/ Benville and Korn (1977)
Buty) ester of 21 3 0 (NA) Hughes (1971)
2.4- 20 70 0 (MR) Rehwoldt et a1 (1977)
Cadmium 2] 0 002 {MA) Hughes (1973)
Carbary! n 10 (M) Korn & Earnest (1974)
Casoron | 6,200 (5.210-7,378) Wellborn (1971)
Chlordane 15 0 o118 {0 0057-0 024) Korn & Earnest (1974)
Chloride 21 5000 (NA) Hughes (1973}
Chlorine 18 0.04 incipient Middaugh et al (1977)
Cooling tower blowdown and power plant chemical discharge
4.5-60 >4 OX Texas Instruments (1974)
18 5-26.0 >4 0X [incipient LCgq withaut (L)

361 (3 81x 273 an)]

a  Unless specified otherwise

TOXICITY OF SUBSTANCES TO JUVENILE STRIPED BASS

Subs tance Test 96-hour TLd Author
Tenp (°C) (9sx c1 b))
(mg/1)
Co-Ral 2l 62 (53-13) Wellborn (1971)
Copper 2\ 0 05 (MA) Hughes (1973)
1? 43 (hA) Relwoldt et al (1971)
Copper sulfate 21 0 V5 (NA) llughes (1971)
21-22 0 6 {0.51-0 83) Kelley (1969)
21 0 62 (0.54-0 1) Wellhorn (1969)
Cutrine 2t 0 (m) Hughes (1973)

DOD 12 0 0025 (0 0016-0 004) Korn & Earnest (1974)
00T 17 0 00053 (0 00038- Korn & Earnest (1974)
0 000B4)

Dibrom k] 05 (0.1-2.4) Korn & tarnest (1973)
Dieldrin 14 v.0197 (0.0098- Korn 8 Earnest (1974)
0 00334)

H] 0 25 (HA) liughes (1971)
Diquat 2 10 0 (NA) Hughes (1973)
2! 80 (74-86) Wellborn (1969)
Diuron (Karmex) 2 6.0 (NA) Hughes (1973)
Dursban 13 0 00058 (0 N003S- Korn 8 Casnest (1974)
0 00097)
Dytox 2) 2 0 (NA) Hughes (1971)
5.2 {4 2-80) Hellhorn (1969)
Endosul fan 16 0 0001 (0 000048- Korn 8 Earnest {1974)
0 00021)
Lodrin 114 (0 000094 (0 00004S5- korn & Earnest (1974)
0.00019)
EPN 18 0 060 (0.025-0.150) ¥orn & Earnest (1974)
Ethyl parathion 21 10 (NA) tughes (1971)
15 n 0v78 (0.0048- Korn 8 Earnest (1974)
0

b NA = nat available (1 e . neither given nor calculatable)

€ Range of 96-hour TLy n freshwater,
C 1. given for percent mortality at O,

0657)

13% sea water, and sea water {95
40, 60, 80, and 100%)

(continued)
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TABLE 39. (continued)
Subs tance Test 96-hour Ti,2 Author
Temp (°C) (955 C.1 b))
(ng/1}
Fenthion K] 0.453 (0.216-0 955) Korn & Earnest (1974)
Fonnaldehyde 21 15 (NA) Hughes 1]91}
2-22 20 (15 4-26) kelley {1969)
21 18 (10-32) Wellborn {1969)
lieptachlor [ 2] 0 003 (0 0D1-0.006) Korn & Earnest {1974)
(1)) 2) 0 25 (HA) tughes {1971)
Instant Sea 21 LC, 17000 (NA) Hughes (1973)
{as €1}
Iron 21 6 0 {NA) Hughes {1973)
Karmex (Dluronm) 21 6 0 (NA) Hughes (1971)
311(25-33) Wellborn {1969}
Lindane 21 0 40 {0.35-0.46) Melibora (1971)
13 0 0073 (0 0045-0 0139) Korn & Earnest (1974)
Malachite green (] 02 (M) llughes (1973)
24 hr 0.30 (0 27-0 13} Mellborn {1971)
Malathion ' 0D 24 {0 20-0 29) Wellborn (1971)
13 0 014 (0 013-0 015) Korn & Earnest (1974)
2 0.039 (NA) Retmoldt et al (1977)
Methoxychlor 15 0 0033 (0.0021-0.0051) Korn & Earnest (1974)
Methylene blue 21 12 0 {NA) Hughes (1973)
Mathy! parathion a 4 5 (Ha) Hughes (1971)
13 0.79 (0 17-1 40) Korn B Earnest {1924)
20 14 0 {HA) Relnoldt et al {1977)
NS§-222 2)-22 31 5 (25 §-37 5) Kelley {1969)
22-28 24 hr. 50 0 (MA) Tatum et al (1965)

#5-222 with 20 o/a0 21-22

Rickel

011 field brine
{as C1)

7
21

31 5{26 6-37 5)
6.2 (NA)
LC, 16600 (HA)

Kelley (1969)
Retwoldt et al (1971)

Hughes {196B)

Substance Test 96-hour T2 Author
Temp {°C) {958 C.1.b )
(mg/})
Potassium dichromate 21 15 (NA) Hughes {1971)
Potassium permanganate 2} 4.0 tlll) llughes {1971)
21-22 26{217-3.12) Kelley (1969}
21 2.5{21-29) Wellborn {1969)
Polyotic 21 >1818 (HA) Hellborn {1969)
PMA 21-22 1 ) (0 84-1 44) Kelley (1969)
Quinaldine 21-22 4.5 (1.82-5 45) Kelley (1969)
22-28 2 hr. 22 0 (HA) Fatum gt al (1965)

Quinaldine with 21-22
20

o/oo

Reconstituted sea 21-22

water
llm:ca-l H
Rotenone 2)
Simazine H]
Sodium nitrilotriacetic 20
acid
Sulfate 21
Syndet Ch 20
Syndet Ga
Tad-Tax a2
Teri amycin 21
21-22
21
Toluene 16
Toxaphene 7
m-xylene 16
Linc 2]
1?
2,4,5,7T 20

5.0 (3 86-6 65}

35 o/o0 (HA)

LC, 0.00) {NA)

0
0 25 (0 17-0.36)

5500 (WA)

3500 (NA)
46 (NA)

8 7 (NA)
10 0 (n4)

75 0 (HA)

170 (140 5-205 7)
178 (144-221)

165 {142-185)
73u

0 0044 (0 002-0 N03)

9.2 (8.3-10) NN

0.1 {M)
6 7 (M)

11.6 (M)

Kelley (1969)
Kedley ()959)

Hughes (1973)
Hughes {(1973)
Hellborn {1969}

Eisler et al
(1972}

Hughes {1973)

Eislgr et al
{1972}

Ersler et al
imz‘l' -

Hughes {1973}

Hughes (1973)
Kelley {1969)
Weliborn {1969)
Wellborn (1971)

Benville & Xorn 191‘)
Korn & Earnest (1974

Benville 8 Kon (1977)

Hughes {1973}
Remwoldt e al (1971)

Rewoldt et al (1977)



TABLE 40. TESTING CONDITIONS FOR STRIPED BASS BIOASSAYS

Author S128 (m) and Volune in No. Test Bass No. of Conc. Testing
Source of Test Container per Cantainer Conditions
Fingeriings
Burton et al. (1979) eggs, larvae; 8 206 ol S0 triplicates flowing
Eisler et al. (1972) mean 65; H 31 .2 gN1 S of 10 bass static
each + controls
Hazel et al. (1971) 20-93 ML, C 01 5-25 2-5 static
(genaraily 10) + congrol
Hughes (1968, 1969, 30-50 L., M larvae: 11 10 100?) static
1971, 1973) fingeriings. 21 2 + control
Kalley (1969) 60-80 TL, E 301 3 replications H static
of 5 each
Korn & Earnest (1974) 14-83 SL, C 80 1 10 (<1 g/1) - flowing
Meyerhoff (1975) mean 55; C 701 40 12 + controls flowing
Middaugh et al. (1977) eggs; mean 4.3, eggs: 71 eggs: 14, 9 ml eggs: 4 + controls flowing
.7, 13.6 TL. M larvae & juvenmiles: aliquots of larvae & juvemiles:
[ 603 + 100 7.6,7
larvae: 20
Morgan & Prince (1977) egg, larvae: v - 4 + controi flowing
M, V, P with replicates
(10)
Rerwoldt et al. <200 TL; H - 10 - + control static
{1971)
Tatum et al (1965) 63-1205 W 101 4 8 + control static
Texas Instruments 30-100 SL; H 30 qal. winter - 10 5 + control flowing
(1978) (wintar) summer - 20 6 + control
Wellborn (1969) ave. 60 T, E 40 1 10 (<0.75¢/1) 5-6 with 3 static
replications
+ 2 controls
Wellborn (1971) ave. 47 M, £ 301 10 (-0.49/1) several with static
3 replications
+ control
0'Rear (197%) 4-7 day 2ld 31 40-137 (<0.3g9/1) 6 + control static
larvae; M

*¢ = Califormia from Bureau of Reclamation. Tracy, Califormia

E = Edenton National Fish Hatchery, North Carolina

H = Hudson River, New York

M = Moncks Corner, South Carolina Wild)ife Resources Comn. Hatchery
W = Weldon Hatchery, North Carolina

¥ = Stannton River, Virginia

P = Potomac River, Maryland

8 = Brookneal striped Bass Hacchery, drookneal, Virginia
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TABLE 41. WATER QUALITY OF BIOASSAYS USING STRIPED BASS
Author 0.0. oH Salinity Total Total Qther
(mg/1) (o/00) Alkalinity Hardness
(mg/1 Cac,)
-
Burton at al. (1979} eggs 5.9 78 2.0 - - -
larvae 6.0 7.9 1.0 - - -
Zisler gt al (1972) 7.4 8.3 ] - - .
“azel ac al. (197) 1.8 7.3-8.2 0-32 - 150-200 -
Mughes (1968, 1969, - - Used reconstituted distilled water of 35 mg/1 Casd, &
1971, 1973) -'4950‘. 55 mg/1 NaﬁCO:. and 3 mg KC1
Kelley (1969) - 7.9-8.1 15.000-15, 100 59-62 32-36 Ca 3.9-4.1 ppm
achms/com Fep 0.2 pom
Mg 2.0-2.2 ppm
Korn & Sarnest (1974) “satisfactory” - 28-30 - - Turtidity
1-3 JTU
“eyernoff (1975) 77 7.7 29 11§ - C0. 6.0 ppm
xo;-ﬂ 1.5 ppm
“iddaugh et al. (1977) - 6.7-6.9 1-3 P4 450 Ca 5.2 ppm
Mg 90 ppm
nC0y 27 pom
50,170 pom
Morgan & Prince (1977) Measured but not reportad
0'Rear {1971) - 7.5-8.1 600-700 , 130-200 110-150 Ca 50-30 ppm
umnos/em” CO2 6 apm
Renwoldat et al (1971) 5.9 7.3 Hudson Rtver - 53 -
water
(1977) 5.0 7.2 - S0 -
Tatum et al. (1965)° - 8.8 - 4 30 C1 3. ppm
'403-,‘1 9.1 ppm
Texas [nstruments (1974) winter - 1.5-8.2 - . -
1-3-14.0 conerols;
sumnar up 0 4.§
1.0-8.0
Weliborn (1969) 7.3 3.2 dechiorinated &4 15 €0, 3 oom
tap watar Faz 0.18 apm
Wellborn (1971) 8.0 1.9 daschlorinacad 63 35 CDZ 2 spm
tap watar Fez 0.17 ppm
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TABLE 42.

ANALYSIS OF CHEMICAL SUBSTANCES USED IN

Substance Grade or % of Active Ingredient

Active Ingiedient

Abate 902 0,0,0’,0"-Tetramethyl 0, 0°'-thiodi-p-
phenylene phosphorothioate

Achromycin 250 mg capsules Tetracycline hydrochloride

Acriflavine Technical Acriflavine (Hughes)

Acriflavine lechnical 2,8-d1amino- 10-methylacy idinium

{neutral) NF chloride and 2,8-d1aminoacridine

{Wellbarn)

Aldrin Technical Hexachlorohexahydro-endo,exo-dime thano-
naphthalene (Hughes)

90% 1,2,3,4,10,10-Hexachloro-1,4,42,5,8,8a-
hexahydro-1,4-endo ex0-4,8-di tnethano-
naphthalene (Korn & Carnest)

Ami fur 4 592 Hitrofurazone
Ammonium - Anmonium chloride
hydroxide
Aquathol 1 8 tbs/qal 7-oxyalbicycle (2 2.1) heptane-2,3-

disodium salt of dicarboxlic acld equivalent 15 53

endothal)

Bayluscide 5% heavy granular 2-aminoethanol salt of 2',5-dichloro-
4*-nitrosalicylanilide

Benzene Reagent Benzene

2,4-D buty) 782 Buty) ester of 2,4-dichlorophenoxy-

ester acetic acid

Cadmiun Technical Prepared from cadmium chloride

Carbaryl 98 1-Naphty!-H-methylcarbamate

Casoron 2% granules 2,6-dichlornbenzonitrile

Chlordane 60" 1,2,4,5.6,7,8,8-0ctachloro-3a,4,7 . 7a-
tetrahydro-4,7-methanoindan

Chloride lechnical Prepared from sodium chloride

Chlorine - Chiorine gas (Buiton et al )

STRIPED BASS BIOASSAYS

Subs tance Grade or % of Active Ingredient
Active Ingredient
Chlorine Analytical reagent na0CL (Middaugh et al )

Coaling tower
blowdown &
power plant
chemical
discharge

Co-Ral

Copper

Copper
sulfate

Cutrine

000

00T

Dibrom

Dieldrin

10X

25% wettable powder

Technical

Technical

8.51%
99%

L+

903

50%

853

Calcium hypochlorite (Morgan &
Prince

Orthophosphate | 5 ppm, Hydrazine O |
ppm; Cyclohexylamine 0 1 ppm; Lithium
hydroxide 0 01 ppm, Boron 9 0 ppmy
Potassium chromate G 05 ppm as Cr 5.
Sodium hydroxide 0 03 ppm; Surfactant

1 0 ppm; Chloring 0 ) ppm; t!' 5988 ppm,
ua'54oo ppa; SO“G90 ppm, Mg*< 364 ppm;
€a*c 164 ppm; K*9 120 ppm, HCC3 78 ppeny
St (as NazSIOJ) 8 ppn.

0,0-diethy) 0-(3-chloro-4-methyt-2-
oxo-({ 211) - Ibenzopyran-7-y1)

Prepared from cupric chloride (Hughes)
Copper nitrate (Relwoldt et al )

Copper sulfate

Copper triethanolamine complex

1,1-Dichloro-2,2,-bis(p-chlorophenyll)
ethane

1), 1-Trichloro-2,2-bis{p-chloro-
phenyl) ethane

1,2-Dibromo-2,2-dichloroethyl dimethyl
phosphate

Hexachloroepoxyoctahydro-endo, exo-
dime thanonaphthalene (Hughes)

1,2.3.4,10,10-lexachlor-6,7-epoxy
1.4,44,5,6,7,8,8a-oc tahydro-endo-
exo-1,4:5,8-dimethanonapthalene
{Korn 8 Earnest)

(continued)
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TABLE 42.

(continued)

Subs tance

Grade or % of
Active Ingredient

Active Ingredient

Diquat

Diuron
(Karmex)

Dursban

Dylox

Endosul fan

Endrin

E P.N.

Ethyl parathion

Fenthion

Formaldehyde

3.2

3.7 lbs salt per
gal, 2 0 Ibs
diquat cation
802

9942

80%

50% soluble powder

87.7%

46 51

n
Technical

Technical

1,1-ethylene-2,2-dipyridilium
didromide (Hughes)

6.7-Dihydrodipyrido(1,2-2.2; V'-c)
pyrazidinium dibronide (Wellborn)

3-(3.4-dichlorophenyl)-1,t-dimethyl-
urea

0 0 Otethy)-0-3,5,6-Trichloro-2-
pyridyl phosphorothioate

Dimethyl (2.2,2-trichlor-1-hydro-
xyethyl) phosphonate {Hughes

Dimethy} (2,2,2-trichloro-1-hydro-
xyethyl) phosphonate ester of butyric
acid (Wellborn)

6.,7,8,9,10,10-itexachloro-1,5,52.6,9,
9a-hexahydro-6,9-methano-2,4,3-
benzodioxathie pin-3-oxide

1.2,3,4,10,10-Hexachloro-6,7-epoxy
1,4,4a,5.6,7,8,8a-0ctahydro-1,4-endo-
endo-5,8-dimethanonaphthalene

0-Ethyl-0-p-nitrophenyl phenylphos-
phonothiaic acid

0,0-diethy) P,p-nitrophenyl thiophos-
phate (Hughes)

0.0-Diethyl-0-p-nitrophenyl phosphoro-
thionate {Korn & Earnest)

0 0-Dimethy)-0-[4-(methylthio)-m-
toly)) phosphorothioate

Formaldehyde (Hughes)
37% formaldehyde gas solution (Kelley)
Solution of 37%, by weight, of formal-

dehyde gas in water, 10-15% methanol
added (Wellborn)

Subs tance Grade of % of Active Ingredient
Active Ingredient
Heptachlor 99¢% 1.4,5,6,7.8,8-Heptachloro-3a,.4,7,7a-
tetrahydro-4.7-methanoindene
HTH j0¢ Calcium hypochlorite
Instant Sea - Prepared by Jungle Laboratofes,
Orlando, Florida
Iron Technical Prepared from ferrous chlaride
Karmex 2.8 Ibs diuron 3-(3,4-Dichlorophenyl1)-1,1-dimethyl -
(Dturon) dfbromide urea
Lindane 100% 1,2,3,4,5,h-Hexachloro-cyclohexane
{Korn 8 Earnest)
25% wettable powder gamua {somer of BHC; 1,2,3,4,5,6-
hexachlorocyclohexane lHellhmn)
Matachite Technical Malachite green (Hughes)
green
Malachite Certified reagent, bis-(p-dime thylaminophenyl)phenyl-
green 96 : tota) dye content methane (Wellborn)
oxalate
Malathion 95% 5.{1.2-dicarbethoxyethy)0,0-
dimethy) dithiophasphate ethyl
phosphorodithioate (Korn 8 Earnest)
25% wettable powder  0,0-dimethy) dithiaphosphate of
diethy) mercaptosuccinate {Wellborn)
Methoxychlor 89 53 1,1, 1-Trichlaro-2,2-bis(p-methory-
phenyl) ethane
Methylene Technical Methylene blue
blue
Hethyl 45y 0,0-dimethyl 0-p-nitrophenyl thiophos-
parathion phate (Hughes)
80% 0,0-dimethyl 0-p-nitrophenyl phosphora-

thioate (Korn 8 Earnest)

(continued)
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Grade of % of
Active Ingredient

Active lagredient

TABLE 42. (continued)
Subs tance Grade or % of Active Ingredient Subs tance
Active Ingredient
MS-222 Practical Ethyl-m-aminobenzoate Terramycin
concentrate
Nickel - Nickel nitrate
Toxaphene
01l Field - -
brine (as C1)
linc
Potassium Techaical Potassium dichromate
dichromate
Potassium Technical Potassium permanganate
permanganate
Polyotic 10 gns active in Tetracycline hydrochloride
181 8 gms
PMA Technical Pyridy) mercuric
Quinaldine Technical 1-methylquinoline
Recons tituted sea water - Rila Marine Mix
Roccal 10% Alkyl-dimethy] benzyasmonium chloride
Rotenone 53 Cube roat
Simazine 80X wettable powder  2-chlorg-4,6-bis{ethylamino)-5-
triazine
Sodium Honohydrated sodium (cuzcnom) Jﬂ nzo (NTA)
altrijotriacetic salt
acid {NTA)
Sulfate Technical Prepared from sodium sulfate
Tad-Tox 100% Copper acetoarsenite {Prewitt-King
Farms, Lonoke, Ark.)
Terramyacin 2 n Oxytetracycline HCL {Hughes)
250 mg capsules Oxtetracycline HCL (Kelley)
Terramycin, 50 mg active per Oxtetracycline hydrachloride (Wellborn,

Globe Pet Tabs

tablet

1963}

25 6 gw/4 oz soluble

powder
100%

Technical

Oxytetracycline hydrochloride (Wellborn,
1971)

Chlorinated camphene with 67-691
chlorine

Preparced from zinc chioride (llughes)

Zinc nitrate (Relwoldt et al )



parathion has been used as a control for predators in ponds before the
introduction of bass. HTH, a chlorine formulation, is used as a disinfec-
tant in laboratories. Bayluscide can be used as a chemical control for
snails that are knmowu to act as the host for trematode parasites. Mala-
chite green has been recommended for treatment of fungal, bacterial and
parasitic infections in fishes. 1Its use is usually recommended at the rate
of 1:15,000 for 15 to 30 seconds, or at 0.1 ppm as prolonged treatment.
Polyotic has been recommended for bacterial control in fishes. It is
usually used at the rate of 15 ppm as a prolonged bath, giving it a 10

fold safety margin for use on striped bass.

Not included in Table 39 is the report by Chadwick (i960) on the
toxicity of Tricon Oil Spill Eradicator on juvenile {(average 76 mm FL)
striped bass from the San Joaquin River system. The fish tested showed no
"distress' after 48 hours in 3.76 ml of Eradicator per 6,500 ml of river
water (or a 0.005 percentage concentration). However, no survival was found
after 10 hours in 7.5 ml of Eradicator per 7,500 ml of water (a 0.001
percentage concentration) and "distress'' was observed at this concentratiou
after an hour and a half of exposure at the test temperature of 65° F
(18. 3%¢c).

The ranges given in Tabie 39 for ammonium hydroxide median tolerance
iimits for juveniles are the spread reported by Hazel et al. (1971) for
bioassays in fresh, bracklsh and sea water at two temperatures. In rresh
and brackish water (15°C) the toxicity of undissociated ammonium hydroxide
was 2.8 ppm and in sea water the median tolerance limit was 2.0 ppm. At
23° C, the toxicity was 1.9 ppm in freshwater, 2.1 ppm in brackish water
and 1.5 ppm in sea water. These authors observed that the striped bass
tested were slightly more tolerant to undissociated ammonia in water of
intermediate salinity than in either fresh or sea water. The bass also
appeared less sensitive to the ammonia at 15°C than at 23°cC.

Texas Instruments (1974) reported that behavioral changes related to
acute toxicity of cooling tower blowdown and power plant chemical discharge
to bass juveniles included hypersensitivity to the movement of an investi-
gator in the laboratory, loss of equilibrium, and inability to regulate
swimming attitude. Bass fed normally throughout chronic testing except
those in 4.0x and 3.6x (1.0x contained 0.1 ppm chlorine) which fasted for
4 and 3 days, respectively, and then resumed normal feeding. New York
University (1976) observed strlped bass juveniles actively avoiding
chlorinated discharge water (3. 5° CAT, 0.05 mg/l chlorine) when intake and
discharge waters were mixed during behavior studies. Definite preference
for quadrants of pure intake water was noted in counts at five-minute
intervals in preference/avoidance chambers. Mortality and survival of
larvae and juveniles after plume exposure at Indian Point during condenser
chlorination was also determined.

Korn et al. (1976b) observed pronounced hyperactivity at high benzene
levels (3.5 1/1). Bass exposed to the high level attempted to feed but
were unable to locate and consume rations. Those exposed to the low
benzene level had some success locating the food and about 50% was reported
consumed. The control bass consumed all of their ration within five minutes.
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By the end of the study (4 weeks) the control and low level groups were
feeding normally, while the high level group consumed 507 of their ration.

The results of exposure to sublethal concentrations benzene (0, 5 and
10 ppm) at velocities of 7 and 14 cm/sec at 16 C in well water (0 o/oo) of
striped bass 33-68 gm wet weight for 24-96 hours were reported by Brockson
and Bailey (1974). The greatest increase in respiration rate of striped
bass exposed to 5 ppm benzene was 45Z after a 24-hour exposure, while the
difference was least after a 48-hour exposure. The percent difference from
controls in respiration rate at 5 ppm was consistently greater at 14 cm/sec
velocities than at 7 cm/sec. The response to 10 ppm benzene exposure was
very different. At both velocities the respiration rate decreased with
exposure for 24 hours. The greatest depression in rate occurred at 7 cm/sec
exposure for 48 hours. At 14 cm/sec, the respiration rate increased at
exposure for 48, 72, and 96 hours. The standard metabolic rate determined
for controls and then used to determine differences in respiratory rate of
exposure to benzene was given as oxygen consumption (mg/kg/hr) = 214.154 -
1.798 wet weight (gm).

Courtois (1974) reported results of investigations on the sublethal
effects of copper in freshwater and seawater on juvenile bass. Copper was
found to modify osmotic balance; that is, saltwater acclimated bass exposed
to copper dehydrated, while freshwater acclimated bass exposed toc copper
hydrated. Lower serum electrolyte concentrations (Na+ and K+) resulted in
the hydraced state, and the dehydrated state produced elevated serum elec-
trolyte levels. Courtois also determined that copper modified the osmotic
balance of bass acclimated to different environmental temperatures and
saiinities. Actinomycin D (an inhibitor of Na+-K+ ATPase) and acetazolamide
(a carbonic anhydrase inhibitor) were also shown to modify osmotic water
balance in striped bass. A breakdown in osmoregulatory function was
demonstrated at the gill membrane.

Dawson et al. (1977) reported the physiological response of juvenile
striped bass exposed to 0.5, 2.5 and 5.0 ppb cadmium (CdCly) for 30-90 days
and to 1.0, 5.C and 10.0 ppb mercury (HgClp) in ambient seawater (22.6°C;

24 o/o00). Bass were allowed to recover in running seawater for 30 days

after the longest exposure. Bass exposed to all cadmium concentrations

for 30 days consumed significantly less oxygen (measured as gill-tissue
consumption, ul Ozlhg/mg day weight) than did controls. Bass exposed for 90
days and those allowed to recover following the longest exposure respired

at rates not significantliy different from these of controls. The respiration
rate of bass exposed to 1 ppb mercury did not differ significantly from that
of controls, while those exposed to 5 ppm mercury for 30 days respired at a
significantly lower rate than the control. After 60 days respiration of
exposed and control mercury groups was about equal. The authors did not
observe a significant change in the AAT or G6PdH activity in the livers of
bass during exposure to cadmium or mercury. However, after a recovery period,
those exposed to 5 ppb cadmium showed a highly significant decrease in both
of these enzymes.
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Tissue Residues

Concentrations--—

Tissue residue concentrations of several metals found in waters
supporting striped bass are summarized in Table 43. Arsenic residues from
six adult striped bass taken from the Hudson River ranged from 0.23 to 0.67
ppm (Pakkala et al., 1972). The mean cadmium content of six Hudson River
striped bass adults was 12.20 ppb (Lovett et ail., 1972). Carpenter and
Grant (1967) reported less than 10 ug/kg wet weight of cerium in edible
portion. Windom et al. (1973) reported determining concentrations of copper,
mercury and zinc from Savannah River striped bass of 2.5, 4.5, and 12 ug/gnm
dry weight, respectively. Alexander et al. (1973) analyzed forty-three
bass taken off Monrauk, New York, for mercury. They determined that striped
bass over 5.7 kg wet weight would probably have mercury concentrations in
muscle of greater than 0.5 mg/kg, while bass less than 3.2 kg would have
less than 0.5 mg/kg mercury. Rehwoldt et al. (1978) reported average values
of cadmium, lead, and mercury (mg/gm dry weight) for the Hudson River.
Mercury content in musculature of  seven bass from the Annapolis River,

Canada in 1975 ranged from 0.1l to 0.43ug/g wet weight (Jessop and Doubleday,
1976). In 1976, 27 bass sampled from this river contained mercury ranging
from 0.26 to 3.41 ug/g wet weight in flesh and from 0.01 to 1.78 Mg/g wet
weight in ovary samples (Jessop and Vithayasai, 1979).

A summary of chlorinated hydrocarbon concentrations in bass flesh and
ova is presented in Tables 44 and 45 primarily from unpublished data
supplied as indicated. Bischoff (1970) reported two striped bass from the
American River, California, with PCB concentrations ranging from 2.15 to
2.52 ppm wet weight of flesh. The only report investigating the possible
effect these chlorinated hydrocarbons might have on bass (specifically on
reproductive success) is that of Boone (1973), which resulted in a number
of as yet unanswered questions.

Depuration--—

Korn et al. (1976a) investigated the uptake, distribution and depura-
tion of Cl% benzene in striped bass juveniles. Accumulation was greatest
in the gallbladder, followed by mesenteric fac, colon, intestine, liver,
brain, gill, heart, stomach and muscle tissue. Maximum concentrations were
obtained in the tissues from 0.25 to 4 days after the start of exposure.
Residues were depurated rapidly following termination of exposure. Gall-
baldder, mesenteric fat, liver and gill maintained residues through the
seventh day after exposure ended. Muscle tissue residues were undetectable
24 hours after exposure ceased.

Luhning (1973) anpesthetized 12.7-20.3 cm striped bass in a 100 mg/1
MS~222 solution (17.5°C) and found 57.9 ug/gm of MS-222 and 23.3 ug/gm
m-aminobenzoic acid residues in muscle tissue immediately after a 3C-minute
exposure. Bass anesthetized with benzocaine (63.2 mg/1l aqueous solution)
contained 37.9 ug/gm free benzocaine and 1.4 ug/gm free p-aminobenzoic acid
residues in muscle tissue following a 15-minute exposure. The esters and
acids of Loth anesthetics decreased steadily with the length of recovery
time. It appears that striped bass are the only species tested that can
effectively hydrolyze the ester of MS-222 to m-aminobenzoic acid in vivo.
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TABLE 43.

———

FROM WILD STRIPED BASS

RESIDUE CONCENTRATIONS OF HEAVY METALS REPORTED IN MUSCLE (FLESH) TISSUE

Area and Reference*

Metals (ppm wet weight)

Ag As (d C Cr Cu Hg Mo Mn N Pb Sb Se Sn ) In

ludson River

D (1)* 0.03 - 0.500 0.13 - - - - - 0.13 - - - 0.90 0.09 2.60

£ (2) - - 0.249 0.409 0.613 2.80 0.105 - 0.265 1.45 - - - - - 5.49
Chesapeake Bay

B (1) 0.003 0.25% 0.03 - 5.000 0.35% 0.3% - - 1.000 0.500 <0.01 0.300 0.300 0.030 3.80

A (16) 0.026 2.020 0.055 - 0.237 0.320 0.052 0.000 0.167 0.256 0.268 0.000 0.916 0.526 0.155 3.46

A (10) 0.037 1.702 0.069 - 0.138 0.355 0.170 0.338 0.170 0.218 0.482 0.629 0.060 0.590 0.370 4.23
North Atlantic Coast

A (10) 0.026 3.599 0.084 - 0.302 0.286 0.097 0.00 0.136 0.205 0.482 0.719 0.32) 0.501 0.380 4.66
San Joaquin Delta

A (5) 0.026 1.316 0.051 - 0.093 0.289 0.617 0.130 0.086 0.172 0.363 0.625 0.557 0.528 0.000 3.78

A {27) 0.028 1.981 0.068 - 0.051 0.305 0.432 0.187 0.112 0.188 0.387 0.587 0.494 0.461 0.200 3.7J

A (7) 0.023 1.470 0.068 - 0.157 0.379 0.539 0.250 0.114 0.135 0.546 0.665 0.690 0.534 0.400 3.54

c(7) - - 0.1 - 0.3 2,20 0.3% - - - 1.300 - - - - 31.5
Oregon Coast

A (40) 0.028 2.289 0.062 - 0.151 0.204 0.858 0.130 0.111 0.181 0.442 0.604 0.464 0.460 0.315 4.23
= A = Hall et al. (1978)

B = neit (1979

t = Kohlhorst (1973)

D = Tong et al. (1972)

[ = 2awacki and Briqgs (1976)
** Number in parenthesis is sample size for which mean values are given in table.



TABLE 44. SUMMARY OF HYDROCARBON RESIDUES REPORTED IN MUSCLE
(FILET) OF STRIPED BASS

\rea Sampled Year No. of DDE DDD  0DT 1otal Dieldrin 1016* 1254 1260 Total
and Sampled Samples DDT PCB
Reference (£1sh) mg/gm wet weight
Shuberacadie River .
E 1976 18 tr-0.01
Annapolis River .
E 1976 2 tr-0.09
Rhoge Island
[ 1979 8 9.01-1.3 <0.05" 0.04-14.1
tludson River, \Y
B 1970 1 0.31 0.8 0.75 - . 0.17 4.0t |
D 1973 22 0.72-9.83 5.7-37 0
4 1973 0.05 0.04 0.03 tr
G 1373 2 0.56.4
G 1975 7 1.7-50.1
Atlantic Ocean off south shore L.I .
G 1975 29 0 tr-3.59
vanticoke River
A 1972 z 2 7-4 1
Choptank River
i 1972 2 4 °-5.7
Rappahannoch River
B 1970 13 018 0.I19 013 - 0 02 0.56
San Joaquin Delta
8 1970 1 0.45 0.21 0.23 0.02 0.99
F 1971 1 1.09 1 49 0.45 0 65 .
C 1971 20 5 49-8.99

~ I OMMONO®J

Includes 1016/1232 reported bv Spagnoli and Skinner (1972)

Range of values given

Boone, Joseph. Fisheries Administration, Annapolis, MD.
Bovle (1970)

Curtis, T. California Dept. of Fish and Game, Stockton, CA
Harris, E. Rome Pollution Lab., VN.Y. D.E.C. samples

Jessop and Vithavasai (1979)

Jones (1971)

Spagnoli and Skinner (1977)

Zawacki and Briggs (1976)

Authors data
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681

Total
PCB

2.5-20.0
48,7.91

2 1l

[ -]

17.0

TABLE 45. SUMMARY OF HYDROCARBON RESIDUES REPORTED IN STRIPED BASS OVARIES
Area Sampled VYear No. of PUE )]1]1] (1111 Total Meldrin  Chlordane 1016 1254 1260
and Sampled Samples Dot
Reference mg/qm wet weiqht
Shubenacadie River
D 1976 7
Mnapolis River
E 1975 8 0.005-6 67
D 1976 26
Rhode Island
6 1979 6 0.09-14.98 <0,37 0.03-1.36
Hudson River
B 1970 1 2.1 320 20 - 0 33
C 1973 1 190 0 62 0 67 - 0.42 NA 3.2 1.20
Hanticoke River
A 1972 16 04-18 0 2-2.0 02-20 - 0.07-0.53 0.5-2.5
n=11) (n=7)
1973 10 0.2-0 7 0.2-0.7 01-0.5 0.5-1Y 0 07-0 24
1 1974 'S 04-1.9 0.3-1.3 0.2-1.0 - 0.03-0.13 -
Lhoptank River
A 1972 4 0.20-1.40 0.37-1.60 0.36-2.00 0.93-4.70 0.16-0.34 (1 50) 1 fish
1973 | 085 0 69 0.61 2.15 0.10 4.1
F 19/4 2 075,128 066,1.04 0 34,0.60 - 0.12,0 16
kappahannock River
B 1970 1 0 60 078 0.65 0 05
Roanoke River
C 1973 5 0 39-0 93 0.13-0.24 0.13-0./3 - 0.01-0.07 NA 06-15 0.2-1.7
l 1974 2 0.75-0.89 0.46-0 70 0.54-0 59 - 0 04,0.2)
Cooper River
1973 5 1 14-5 01 0.45-2 12 0 83-4.00 - 0 02-0 11 0.10-0.45 HWA 1 3-3 1 0.6-1./
San Joaquin Delta
B 1970 1 166 2.47 2 92 - n.18

* Range unless only or two samples

[l R B—-Nal— ]

Joseph Boone, Fisheries Administration, Annapolis, Mp
Boyle (1970)

L. Glenn McBay, US Dept of Interior, USTHS, Brunswick, GA
Jessop and Doubleday (1976)

Jessop and Vithayasai (1979)

Striper's Unlimited, Mo. Attleboro, A
Authors data



Sills and Harman (1971) reported that residue levels in muscle tissue ot
striped bass exposed to 40 ppm of quinaldine at 4°C for 10 minutes reached
1.44-2.60 ppm, but were below 0.0l ppm 24 hours after end of exposure.
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SECTION 13

POPULATION AND STOCKS

STRUCTURE
Sex Ratio

The females appear to spend more of their time offshore or at least
in coastal waters. Holland and Yelverton (1973) found only 11.8% males in
1970-1971 in trawl samples off North Carolina. Vladykov and Wallace (1952)
reported that 557 of the Chesapeake Bay population of striped bass sampled
from commercial fishermen from June to January 1936-1937 were male. They
observed a similar ratio for samples taken in Virginia and North Carolina,
as did Scofield (1931) in California during 1927-1929. Age-sex ratio results
of 852 striped bass sampled from commercial catches in Maryland waters of
Chesapeake Bay in November-December 1976 showed that males accounted for
50, 44, 53 and 43%Z of the age I, II, III, and IV bass, respectively
(Kohlenstein, 1980). Sex ratios by age class in the Hudson River during
the 1976 spawning season showed dominance of age III and Vmales and age
VII females (McFadden, 1977a). Schaefer (1968a) reported 14.3% males in
populations sampled from 27 April to 24 November 1964, inhabiting the surf
along the south shore of Long Island. Morgan and Gerlach (1950) observed
that a greater percentage of the Coos Bay commercial catch was male
during mid-April and May through late June of 1950. During late April to
mid-May, females predominated in the catch. Merriman (1941) reported finding
less than 10% males among bass sampled from Long Island and New England
waters during 1936-1937. Sampling of sport and commercial catches in
Rhode Island waters during 1973-1975 by present authors revealed 10.7% males.
The largest male observed was 84.5 cm FL, while Schaefer (1968b) collected
a nine year old 85 cm FL male during 1964.

Males apparently dominate on the spawning grounds when adult abundance
is high. Kohlenstein (1980) analyzed the commercial landings during March-
April on the Potomac River for 1966-1972 to estimate the sex composition
of the spring catch. He calculated that the proportion (by numbers of fish)
that were male was about 87% for ages III and IV, 73% for age V, 26% for age
VI, and only 15% for age VII of the bass caught. Wilson et al. (1976)
reported that the male to female ratio during the 1975 season was 3.44:1,
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while during 1974 the ratio was 4.15:1 on the Potomac River. Boynton* found
a ratio of 0.2:1 during the 1977 Potomac spawning season.

Age Composition

Population studies in the St. John River, Canada, during 1971 and 1972
(Williamson, 1974) revealed greater than 20% age 4, 5, and 6 bass among
the males (N=47) and age 5 and 7 among the females (N=149) sampled. Results
from the same study in the Annapolis River, Canada, revealed greater than 307%
age 4 and 5 males (N=54) and greater than 20%Z age 4 and 5 females (N=55).

Sampling in Maine waters during 1964 and 1965 by Davis (1966) showed
predominance of the 1961 year class (4 year olds in 1965) and numerous bass
of the 1958 year class. Schaefer (1968a), sampling the south shore of Long
Island in 1962 and 1963, found a dominance of the 1958 year class (4 and 5
year olds, respectively) in the catches. Ages of bass ranged from 2 to 18
years in these samples. He noted that the 1958 year class was being
replaced by the 1961 year class (2 year olds) in the October and November
1963 samples. Samples in 1964 of 168 large striped bass also showed the
1958 year class (6 year olds) dominant but with most of the bass between 4
and 7 years old. Commercial catches in northern waters (Long Island and
New England) were dominated by 2 year olds in 1936 and by 2 and 3 year olds
in 1937 (Merriman, 1941).

Tiller (1950) sampled commercial pound net catches from Maryland waters
of Chesapeake Bay from October 1941 to November 1945. During this
period the 1940 spawned bass dominated the catch in 1942 and 1943 (2 and 3
year olds) and continued to make up a significant portion of the catch in
1944 and 1945. The 1942 year class made a considerable contribution during
the fall of 1943 and the entire year of 1944 (2 year olds). Most of the
commercial catch in the Potomac River in 1962 were bass ages 2 and 3, while
the upper Chesapeake Bay showed predominance of 2, 3, and 4 year olds
(Nichols, 1962). Angler catches in the Potomac River during 1959-1961
were composed predominantly of age II (47.7%-85.3% of total) and age III
(Frisbie and Ritchie, 1963). Age II fish made up 86.07% of the total catches
for the 1960 sport fishing survey in the lower Patuxent estuary (Shearer
et al., 1962).

Grant and Joseph (1969) determined the age composition in the James,
York, and Rappahannock Rivers during June 1967-March 1968 from commercial
and sport caught samples. The York and Rappahannock Rivers were dominated

* Walter Boynton (University of Maryland, Chesapeake Biological Laboratory,
Solomons, Md.), "Spawning stock characteristics of striped bass in the Poto-
mac Estuary," presented at the American Fisheries Society Annual Meeting
held at the University of Rhode Island, Kingston, 22 August 1978.
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by 1966 year class, while the James River showed dominance of the 1965

year class during the sampling period. Grant (1974) sampled pound and fyke
net catches for the age composition in these Virginia rivers from July 1967
through June 1971. He found seasonal changes in age composition slight with
the older, migratory bass occurring more frequently in winter and spring
catches. In each of the four sampling periods, age groups I-III (yearling
through 3 years old) contributed over 84% of the catch from these rivers.
During the 1969 and 1970 winter gill-net fishery sampling in the Rappahannock
River, the 1966 year class was dominant (Grant et al., 1971).

The age composition of the commercial catch from Albemarle Sound, North
Carolina, in 1962 was 95% ages 2 and 3, and only 4% in age 4 or older
(Nichols, 1962). Trent and Hassler (1968) found the dominant age groups
were III and IV for males and IV and V for females from Roanoke River gill
net catches during the springs of 1963, 1964, and 1965.

Approximately 85 and 77% of the population of the Ogeechee and Savannah
Rivers, Georgia, were reportedly composed of striped bass less than four
years of age (Smith, 1970). Both rivers included strong classes of two and
three year olds. However, young-of-the-year did not contribute significantly
in the Savannah River but did in the Ogeechee River for the 1967 and 1970
sampling period. Scofield (1931) reported that most of the females caught
in the commercial catch during 1927-1928 in California were 5 year olds with
6; 7, 4, and 8 year olds following in order of abundance. Additional age
composition information can be found in Tables 28, 29, and 30 (p.148-150).

Size Composition and Growth Rates

Length frequency distributions have been provided by Radtke (1966),
Schaefer (1968a), Tiller (1950), Vladykov and Wallace (1952), and Williamson
(1974) in addition to those summarized in Table 30 . This table presents a
comparison of growth in length for the ages specified and indicates the
general growth rates for different areas of capture.

Rate of growth up to 70 cm can be computed from scales using the formula

_ (L-D)g”

L T - + 1, where L = TL of bass, L = radius of scale, & = unknown TL,

and 2 = radius to annulus in question (Scofield, 1931; Merriman, 1941).

Body length to scale radius relationships are available in Mansuetil (1961),
Robinson (1960), and Texas Instruments (1974a). Compensatory growth has been
shown to occur in year 2 for striped bass from Chesapeake Bay and the

Hudson River (Tiller, 1942) and in year 2 and 3 for bass from Albemarle

Sound (Nicholson, 1964).

In Albemarle Sound, Trent (1962) found that the growth rate was almost

linear among young-of-the-year striped bass (20-90 mm TL) from June to
November. He calculated rates ranging from 0.272 to 0.433 mm/day for the
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five years of his study. In the Hudson River, Rathjen and Miller (1957)
reported the greatest growth rate for young-of-the-year during June and July,
continuing almost linearly to September-October. Texas Instruments (1975)
observed essentially linear growth in length from July to November for
young-of-the-year and an increase during April to July continuing almost
linearly for yearlings. Vladykov and Wallace (1952) reported linear growth
in length from April to August for bass beginning their second year. Sco-.
field (1931) reported similar growth in length for young bass and 5, 6, and
7 year old females. The rate of growth in these locations was reduced
during the winter months. Texas Instruments (1976) reported instantaneous
growth rates (based on weight) calculated from young collected by beach
seine during 1973, 1974, and 1975. The highest rates ranged from 0.0311 to
0.0407 for July-August, while the lowest ranged from 0.0145 to -0.0157 for
October-November. Ware (1971) observed increasing growth in length among
young-of-the-year from August to January and among yearlings from September
through May. These bass had been stocked into freshwater lakes in Florida
as four-day larvae.

Rathjen and Miller (1957) and Chadwick (1966) observed greater total
length of young-of-the-year and yearlings in their samples taken in the lower
Hudson River and in the lower Sacramento-San Joaquin Rivers, respectively.
They proposed that these might have been slightly older bass that had moved
downstream, or bass that had been feeding in the more productive areas of the
rivers.

Growth is most rapid during these first years of life. This is the time
when striped bass tend to remain in the rivers and estuaries near the site
of spawning. Thus they are subject to changes in the environment of these
moderately restricted water ways. A strong indication of density-dependent
growth occurring in these nursery areas is seen in data presented by Austin
and Hickey (1978).

Trent (1962) determined the linear relationship between standard, fork,
and total length for bass 20-100 mm TL. These relationships are: FL =
0.93835TL - 0.077817; SL = 0.80388TL + 0.55750; and SL = 0.85675FL +
1.22099. Texas Instruments (1973) determined that FL = 4.60 + 0.902TL for
bass 103 to 667 mm, while Mansueti (1961) used the factor 0.93 to convert
TL to FL, the factor 1.07 to convert FL to TL, and the factors 1.08 and 0.92
to convert SL to TL and TL to SL, respectively, for live bass. During the
present study a linear regression for live bass of 12-65 mm as FL = 1.55SL -
0.196, and of 12-200 mm SL as SL = 0.909FL - 1.805 (see Section 10) was
defined.

Length-weight relationships reported from different areas are given in
Table 29 for different sexes, adult and young striped bass. Throughout their
range it appears that after bass mature, the males of a given length weigh
less than females of the same length (Merriman, 1941; Mansueti, 1961).

Growth is more rapid during the second and third years of life, or before
maturity, than in later years. Size at maturity for a number of stocks is
presented in Table 28. Growth in length of females is greater after
maturity than of males (Table 30). Graphic means of determining age and
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weight given the length of a bass are provided by Scofield (1932) and Clark
(1938).

Condition factors (Kn) calculated by Trent (1962) ranged from 0.984
to 1.471 for bass 18.5-91 mm TL. Texas Instruments (1973) calculated condi-
tion factors (K) for young-of-the-year (25-100 mm TL) ranging from 0.94 to
1.25. Ware (1971) reported K-factors (Hile) varying between 1.31 and 2.79
for bass 76-483 mm TL from Florida lakes. He stated that the surviving
bass with the K-factor of 1.31 was clearly emaciated, while those of at
least 2.00 appeared very healthy. Values of K ranging from 1.658 to 2.540
for 0-450 mm SL bass were reported by Wigfall and Barkuloo (1976) for a
Florida river system. Texas Instruments (1973) calculated condition
factors (K) for 200-800 mm TL striped bass from the Hudson River and from
Chesapeake Bay (using data in Mansueti, 1961). These factors ranged from
0.91 to 1.10 for the Hudson River bass and from 0.87 to 1.35 for Chesapeake
Bay bass. Condition factors (K) for 37-70 cm FL adults on the spawning
grounds of the Nanticoke River ranged from 1.06-1.63 (Westin, 1978). Three
laboratory held adults (47-53 cm FL) were found to have condition factors
of 1.16-1.26, while four migratory bass the same size showed factors ranging
from 0.87 to 1.49.

ABUNDANCE AND DENSITY

Average Abundance

A model of the population dvnamics of California striped bass is
described by Sommani (1972). It is presented below with other models.

Population abundance based on Peterson mark-recapture estimates was
100,000 (1969-1973) for 5 year old males tagged in 1969 and about 150,000
during 1972-1973 for S5 year old males tagged in 1972 (Stevens, 1977a). The
estimates were 5 million and 500,000 for tagged 3 year olds, respectively.
Stevens (1977b) estimated a population index for 1958-1972 based on catch
records. The estimated index was low in 1971 (86,020) and high in 1961
(322,250). He included a discussion of the biases of this index.

Texas Instruments (1974a) calculated two population estimates for the
Hudson River during fall of 1973 using mark-recapture data. They estimated
the population of young-of-the-year as 1, 641,000 using Schumacher-Eschmeyer
estimate and 1,680,000 using Peterson estimate. They discussed both briefly
in relation to Hudson River striped bass. McFadden (1977a) reported
Petersen estimates for 1974 and 1975 Hudson River young-of-the-year in late
October as 1,288,000 and 1,024,000, respectively.

Austin and Hickey (1978) found an inverse relationship between the
abundance of a year class in Chesapeake Bay and the modal length of age LI+
bass in New York waters. In addition, they observed that the modal length of
age III bass migrating into New York waters in the spring was a reliable
index of the abundance of that year class. Observed modes rather than
calculated modes for year classes 1954, and 1958-1962 resulted in more
fccurate estimates of New York landings for 1964 and 1965.
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This study also provided reasonable data suggesting density-dependent growth
of striped bass.

Changes in Abundance

Trent (1962) stated three factors - mortality, dispersion, and gear
selectivity - presumed responsible (separately or in combination) for a
reduction seen in young-of-the~year abundance as the season progressed.
Sasaki (1966a+b) observed migrations of young-of-the~year and juvenile bass
downstream from the Sacramento-San Joaquin Delta probably in response to food
supply and/or water velocity changes. The survival and distribution of
young bass were clearly defined by functions of water flow in this Delta
system and abundance was greatest in the low salinity zone (Turner and Chad-
wick, 1972). Possible mechanisms for these relationships were discussed by
the authors. Hallowing Point Field Station (1976) data indicated a probable
relationship between short term river flow prior to spawning and juvenile
abundance in the Potomac River. Conte et al. (1979) observed that the
densities of bass eggs increased fromebb to flood tide and were greatest
during flood tide at the mouth of the Sassafras River, Maryland. They
observed from replicate tow samples taken during a tidal cycle on April 21st
that larval densities showed a trend about opposite that of eggs. They
felt that the short-term variations in these surface abundances were
partly due to changes in the vertical mixing velocities and turbulence
related to tidal currents. Using Hudson River data from Texas Instruments
and New York University, McFadden (1977a) reported that a significant
influence on the abundance of juveniles resulted from variables of predation,
egg production, and rate of temperature change over the interval of 16- 20°¢
from multiple regression analysis.

Average Density

Table 46 summarizes average densities of striped bass eggs, larvae,
and juveniles as reported throughout their range. No attempt has been made
to reduce these toBa common basis. Eggs were found to vary in mean density
from 3.5 to 17.0/m™~ during a series of replicate tows from 1900-24Q0 on
April 21, 1976, at a single site in Upper Chesapeake Bay (Conte.et al.,
1979). Mean densities of larval bass ranged from 0.9 to 15.9/m™ at this
gite during the sampling period. Densities of yearlings and older striped
bass in the Hudson River were reported from beach seine collections made in
1965-1974 (Texas Instruments, 1977b).

In general densities of eggs are highest from mid-water and bottom
collections. Yolk sac and post-yolk sac larvae are densest near the
bottom in day samples, but night sampling suggests vertical dispersion.
Juveniles appear densest among bottom samples and from shore zone areas.
This shorezone abundance declines in late fall and winter, but yearlings
reappear in shore zome and bottom areas in spring. Tidal fluctuations
appear to be unrelated to juvenile abundance in the shore zone from either
day or night sampling.
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TABLE 46. EXAMPLES OF ANNUAL DENSITIES OF STRIPED BASS REPORTED FOR DIFFERENT AREAS
A - - T Range In Mean Abundsnce or Demsity for T s e S S T e
ree Yesr Sampling Gear _?'}—_ll___rvu Eir_ Reporting Units Reference
Hudson River 1966- 1967-1968 plankton net 0-10 0-12 - 471000 cu ft Carlion § Metann (1969)
. 5,4-10.S oa bottom
1965- 1968 aeni balloon 1rawl - : '|.‘-22.! off hnno-' #/tou
1972-1975 beach selne - - o0-130 catch/unbt effort Tonas Instrunscnts (1976¢)
1969-1975 besch selne - - 0-60 cstch/unly effart MHeladden (1977)
1965- 1975 beach welne . - 1.1-29.4 catch/umit sres M Faddon {1977)
1973- 1974 beach selae, bottom trawk - - 0-232,0-12 catch/unit effort Tesas Instruments (1975s)

1973 botinm travd - - 0-15 1710 min treul Lawler, ot sk 0nom)

1973 eplbenthic sled, tuckor trawl 0-2500 0-546 D-45 /1000 »? Texas Tastruments (1976c)
beach selune - - 0-240 catch/unlt effort Toxns Instrments (1976c)
botiom trawl - - 0-6 catch/imit effort Toxas Instruments (1976¢)

1974 epibenthic sled, rucker travl 0-98 D-68 - 171000 w? Tesns Instruments (1977h)
beach seine - - 0-33 catch/unln effore Texas Instruments (197h)

Sutquehanna River 1968-1969 selne, trawd - - 1-16 1 /hectare Carter (197V)
fotesac River 17 plankion met D-2100 0-6400 - 171000 »? ( Fcologleal Anolyshs Inc §
[ L H] ] plank tan met 0 1y,833 0-600 _ #/1000 a! Sohns llopkins Unly  (1974)
1978 plankton net 0- 2480 0-869 0-51 #71000 n' allowing Pe. Held Sta (1976)
Uhesapeake Bay 1954-1975 beach selne - - 0-29 d/houl Boone*
James, York, sad 1966- 1867 30 fe halloon Lrawl . - 25.450 catch/travl hour Grant { Merriner (1971)
Reppahannock Rivers 1967-1972 slinow seine . - 1-6 catch/houl Herriner 0 Nosgman (197Y)
Abenarle Sound 19551961 18 ft halluon trav) . 0-1 65 2/travding min Trant (1962)
;ntrl:-rnt:- " 1949 0- 1193 0-173 o-s8 st h/100,000 cu it Erribila ot a1 (1950)
on toaquin fotta 1951 tow net on shis - - 0-35 271000 cu Mt Calhoun (195 %h)
1956- 1759 beach selns - B 0-600 #/houl Chndwick (1964)
1957-1962 beach seine - - 0- 350 catch/tow Ghndwick (1904)

1963 oticr trawl - 0-700 2710 sin tow Sasahl (1968)

- indez of shundance when pop.

1959-1970 tow net on akis - W-116 I““h" aean Yongth of 3.6 -I Turner § (hadwick (1972)

1970 tow net on skis - - 0-1293 #/ncee ft. fngers § Stevens (1971)

*Jaseph Boone, Fisherles Blologlst, Maryland Dept §lisharies Adslni<tratlon,

Annapolls, Harylend,



Changes in Density

Downstream migration of juveniles during late summer and fall (Sasaki,
1966b; Texas Instruments, 1977b) reduces densities observed upstream.
Changes in behavior of life history stages in response to tidal, diet,
temperature or diel influences have been related to observed densities.

For example, local movements of larvae, juveniles and yearlings have been
well documented in areas of proposed power plants (Hudson River,
Chesapeake-Delaware Canal and Potomac River) or pump storage and canal
diversions (Sacramento-San Joaquin River valley) and examples from Hudson
River studies (McFadden, 1977a) hawe been used to illustrate these changes.
Yolk sac larvae are essentially planktonic but appear to concentrate near
the bottom at night, dispersing somewhat during the day. Post-yolk sac
larvae are capable of resisting currents and making directed movements.
They exhibit nocturnal migration patterns strongly oriented toward

the bottom. This orientation behavior appears to intensify as larvae
approach the juvenile stage. Juvenile bass are first collected in mid-June
to early July, depending on the time of spawning, from waters deeper than 6
meters. As water temperature increases, the juveniles migrate to shoal

and shore zone areas. Falling water temperatures bring net downstream
movement so that by December juveniles are generally absent from the shore
zone, having either left the estuary or moved into deeper water for

winter. Apparently, the abundance of juveniles in local areas is related
to temperature, salinity, habitat type, diel patterms, and tidal stage.
Comparisons of day/night beach seine catches in the Hudson River suggested
movement into the shore zone at night, probably to feed or escape predation.
Yearlings were found in deep water areas in early spring, throughout the
estuary by summer. With falling water temperature, they moved into deeper
water and downstream. Yearlings generally exhibit the same day/night
pattern as juveniles, but appear less influenced by tidal fluctuations.

Pollution (e.g., siltation from dredging or runoff, heavy metals,
chlorinated hydrocarbons, or temperature), dam building, and overfishing
have been cited as factors contributing to striped bass stock depletions
(Raney, 1952; Dovel and Edmunds, 1971). McHugh (1972) did not feel that
the stocks were being depleted, at least not those represented by the New
York landings from 1887-1970. He felt the increase in catch was caused
by a real increase in abundance rather than an increase in fishing effort.
This long-term trend in abundance was also apparent from the Virginia
fishery landings (Grant, 1974).

NATALITY AND RECRUITMENT

Reproduction Rates

The number of eggs produced (i.e., fecundity) by the females of this
species is highly correlated with weight, length and age. The number of
eggs increases with age, although there is considerable variability
between individuals of the same age group. An immature ovary contains
small ova 0.07 to 0.125 mm in diameter. A mature ovary contains both
small and large ova. The large ova average 0.22 to 0.76 mm in diameter,
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increasing to 1.0 to 1.35 mm at spawning. As they mature, the ova and
ovaries change in color from cream to orange to pale, or grass, green.
Fecundity data mainly from individual females, are plotted in Figure 43.
Regression equations of fecundity (egg x 103) to body weight have been
calculated for Hudson River (0.161 kg + 93.04; Texas Instruments, 1973),
Roanoke River (75.9 kg [2.22] + 1.4; Lewis and Bomner, 1966), and offshore
North Carolina (218 kg - 0.117; Holland and Yelverton, 1973) striped bass.
These authors estimated fecundity at 173,000 eggs for Hudson River, 176,000
eggs for Roanoke River, and 318,000 eggs for offshore North Carolina striped
bass, respectively, per kilogram of body weight.

Production rate estimates of eggs and larvae for three areas and
several spawning seasons are summarized in Table 47. Survival rate from
egg to yolk sac larvae determined from these estimates ranged from 1.6 to
190.0%. Survival rates for yolk sac to post-yolk sac larvae for 1974 and
1975 in the Potomac River were determined as 4.7 and 5.5%, respectively
(Hallowing Point Field Station, 1976). Estimates of 1975 year-class
survival rates in the Hudson River were calculated for four stages
(McFadden, 1977a). The daily survival rates were 75.3% for egg to yolk
sac larvae, 82.4% for yolk sac to post-yolk sac larvae, and 94.97% for post
yolk sac larvae to juvenile.

Forecasting potential yields of striped bass from egg or larvae produc-
tion estimates can be tenuous. The year class strength, or dominance,
phenomenon of this species has received little attention until recently
since Scofield's (1931) and Merriman's (194l1) investigations. At the time
of Raney's (1952) work there was 'relatively little information available on
probable conditions essencial for the production of a good year-class' in
striped bass stocks. Merriman and Scofield's observation that dominant
year-classes are often produced by a comparatively small parental stock
remains conjecture. Koo (1970), examining the commercial catch data from
1930-1966, concluded that the dominant year-class phenomenon was visible
at 6~8 year intervals among Atlantic coast bass stocks. He felt it was a
well-defined feature of the population dynamics of this species. Recently
van Winkle et _al. (1979b) reported periodicities of 20 years and 6-8 years
which were neither simple nor predictable from times series analysis of
the commercial catch data from 1930 to 1974.

Perhaps the major contribution since the early 1950's on the mechanisms
of year-class strength for bass is the apparent agreement by investigators
of the Hudson, Potomac and Sacramento-San Joaquin Rivers that control of
population size is active within the first two months of life. This is a
time of extreme vulnerability to envirommental variation. A number of
density-independent and density-dependent factors have been postulated with
which to predict spawning success, or year-class strength. Low river flow
and/or reduced run-off have been linked directly to reduced spawning activity
and success (Hassler, 1958; Fish and McCoy, 1959), or to availability of
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TABLE 47. ESTIMATES OF EGG AND LARVAL PRODUCTION AND SURVIVAL RATES

Arca and Year Egg % Survival Larvae Sourcoe of Data
Production (calculated from Product ion
productions) (yolk sac)
Hudson River 1966 2.4 «x 103 8.3 2.0 x 10: Carlson & McConn (1969)°
1967 0.52 x I(l9 16.5 1.9 x 108 Carlson § McCann (19(9) b
1973 0.27 x loq 35.6 0.96 x 108 Texas Instruments (|975)h
1974 0.35 x 107 31.4 1.1 x 10 Texas Instruments (1975)
Chesapeake § Delaware Canal 9 8 a
1971 2.9 x 109 4.2 1.2 x lﬂa Johnson (1972) a
1973 9.5 x 10 7.3 6.9 x 10 Kernehan (1974)
Potomac River 1973 5.0 x lo8 190.0 9.5 x 108 Ecological Analysts & a
o 8 Johs llopkins Univ. (1974)
1974 3.8 x 10 2.9 1.1 x10 Ecological Analysts §
9 8 Jolus llopkins Univ. (1974)u
1974 4.5 x 10y 1.6 0.7 x 105  Polgar et al. (1975)°
1974 4.5 x 10 1.6 0.7 x 10 Hatlowing Point Ficld Station
Y 8 (1976)¢ a
1975 9.9 x 10y 5.0 4.9 x 10 Mihursky ot al. (1974)
1975 6.5 x 10 63.1 4.1 x 10 llad lowing Point Fleld Station

(1976)4

calculated and presented by Johns lopkins University, 1975.

Calculated as weekly standing crop for 5/15-eggs and 6/10-larvac.

Estimates of fin fold larvac production given as 0.03 x 10,

Estimates of fin fold larvae production given as 0.22 x 107,
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larval food supplies (Polgar*). Low flow from water diversion has been
directly related to year-class strength in the California stock (Turner and
Chadwick, 1972; Chadwick et al., 1977; Stevens, 1977b). Winter water
temperature in the spawning rivers has been linked directly to dominant
year-classes (Merriman, 1941) or indirectly to year-class strength via
effects on the larval food supply (Heinle et al., 1976). Additional effects
of temperature and food availability on larval survival and growth have been
demonstrated by Eldridge et al. (1977, 1980), Miller (1977), and Rogers and
Westin (1979, 1980), while food supply in the nursery areas was considered an
important factor by Austin and Hickey (1978). '

Factors Affecting Reproduction

Although density-dependent factors have important affects on the repro-
duction and survival of striped bass, the density-independent factors are
probably primarily responsible for variability in year-class strength (see
Merriman, 1941; Koo, 1970; Heinle et al., 1976; Goodyear, 1978; van Winkle
et al., 1979b). This also includes those factors over which man has some
control, for example water diversions for irrigation or power plant cooling
and water pollution by siltation or heavy metals. Most of the studies have
examined factors affecting the survival of eggs and larvae with little infor-
mation available specifically dealing with the physiological development of
adults prior to spawning. Recently Wipple** suggested that egg viability
could result from incompatibility of genetic combinations and/or affects of
poor parental condition on gametes during maturation. Poor parental condi-
tion in this case was tied to chronic pollution levels, which were suggested
to effect fecundity and egg viability depending on the degree of interaction
of the parental genotype with the envirommental stress. We have observed that
mature adults require daily food consumption in excess of their growth and
maintenance needs for at least three months prior to the decline in water
temperatures to 5 C (winter temperatures). It is during the two to three
months at winter temperatures that the gametes develop from the excess energy
stored during the active feeding period. 1If insufficient stores are
available, gonad maturation ceases and reabsorption occurs (see Section 11).
Results reported by Rogers (1978) and Rogers and Westin 71980) indicated that
large females produced greater numbers of eggs with a greater dry weight.

The benefit of this increased energy store is discussed together with the
probable effects of temperature during the spawning season on the survival of

*# Tibor Polgar (Martin Marietta Corp., Environmental Technology Center,
Baltimore, Md.) '"Factors influencing striped bass spawning success in the
Potomac Estuary," presented at the American Fisheries Society Annual Meeting
held at the University of Rhode Island, Kingston, 22 August 1978.

** Jeannette Wipple (NOAA Southwest Fisheries Center, Tiburon Laboratory,
Tiburon, California). '"The effect of inherent parental factors on gamete
condition and viability in striped bass (Morone saxatilis),'" presented at
the Early Life History of Fish Symposium, Woods Hole, Mass., April 1979.
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the eggs and newly hatched larvae.

Recruitment

Based on age composition data the average recruitment into the fishable
stock is at two or three years of age. A positive correlation between
juvenile populations and subsequent commercial catch data, an indication of
success ful recruitment into the 3 to 6 years old class, has been shown for
Maryland striped bass (John Hopkins University, 1976). Schaefer (1972)
reported a statistically significant correlation between Maryland young-of-
the-year data and New York landings. Austin and Hickey (1978) have demon-
strated a more strongly correlated relationship between Chesapeake Bay young-
of-the-year strength or age II + modal length of bass in New York waters and
abundance (commercial harvest) in New York waters. Correlations between
juvenile and adult stocks in the Sacramento-San Joaquin Delta have been
demonstrated by Chadwick (1964) and Turner and Chadwick (1972). Stevens
(1977a) observed that the Peterson method and indices from party boat
catches appeared to be the best techniques of several investigated for moni-
toring three year old and older bass. He found that good correlation of
Peterson estimates with young-of-the-year abundance indices or with river
flows during the first summer of life were not available and discussed
possible reasons for this. Stevens (1977b), however, calculated a recruit-
ment index which he assumed measured 3 year old bass abundance based on sport-
fishing party-boat catch statistics. The analysis presented indicated that
summer flows in the Sacramento-San Joaquin Rivers impact recruitment to the
sport fishery several years later and are largely responsible for the fluctua-
tions in population abundance.

The commercial yield-per-unit-effort for striped bass adults for 1965-
1974 in the Hudson River was compared with the catch-per-unit-area index of
juvenile abundance in July and August of the same year. A positive rela-
tionship occurred but adult abundance was not significantly related to
early juvenile abundance (Texas Instruments, 1977b). Some evidence of the
presence of compensation was suggested. McFadden (1977a) presented addition-
al evidence in support of compensation for Hudson River striped bass. Chad-
wick et al. (1977) discussing factors regulating the striped bass population
in the Sacramento—-San Joaquin Delta mentioned compensatory processes, which
until recently were considered dominant. However, now they feel that demsity-
independent processes, especially the mortality of juvenile due to water
diversions within the delta, play a major role in controlling the population
size.

Determining recruitment as indicated by larval abundance has been
hampered greatly by collecting techniques (John Hopkins University, 1976).
Neither the number of eggs spawned nor the size of the adult population
appears related to recruitment, although the factors affecting reproduction
rates and success effect recruitment.

Although Chadwick (1969) stated that the relationship between parent
stock and recruitment could not be defined from available population
measurements for the California striped bass stock, Sommani (1972) demon-
strated that a. modified Ricker curve represented recruitment in this stock.
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McFadden and Lawler (1977) have indicated that the Ricker stock-recruitment
curve is applicable to the Hudson River striped bass population. However,
analysis of their approach (Resource Management Associates, 1979) has shown
that the Ricker model is not an accurate representation of the available
stock-recruitment data for Hudson River striped bass. Goodyear (1978)
concluded that this relationship is not known for any Atlantic Coast bass
stocks. He suggested several models (i.e., Lawler, 1972; Van Winkle et al.,
1974; McFadden, 1977a; Christensen et al., 1977) that have been proposed to
portray this stock-recruitment relationship. These models are discussed in
more detail below with the other models that have been developed to predict
the population or stock behavior of this species.

MORTALITY

Mortality Rates

Rates of mortality among striped bass eggs and larvae are indicated in
Table 47 from estimated productions using standing crop sampling data.
Polgar (1977) has presented methods for estimating the mortality rate for
successive bass life stages from egg to metamorphosis using field survey
data. The methods assume either an uniform age distribution or an expomnen-
tial age distribution within each stage. Using 1974 Potomac River field
data, the calculated mortality rates for each stage for both methods are
2.35 for eggs, 0.32 for yolk-sac larvae, and 0.07-0.19 for the stages from
yolk-sac absorption to metamorphosis.

Mortality rates in the striped bass population of the Sacramento-San
Joaquin Rivers were calculated from disk dangler tag-returns for 1958-1962
(Chadwick, 1968), 1965-1971 (Miller, 1974), and 1958-1968 (Sommani, 1972).
Table 48 summarizes the instantaneous mortality, exploitation and survival
rates from these and other studies as available. The choice of tag was
based primarily on an evaluation of five types reported by Chadwick (1963).
The mortality rates calculated for Virginia rivers were based on returns
from tagging studies using internal anchor tags. The rates calculated
for North Carolina were from tagging studies using Floy dart tags. The
calculated annual fishing mortality rate for bass tagged in the ocean off
North Carolina and recaptured from North Carolina to Maine was 35% (Holland
and Yelverton, 1973).

Chadwick (1968) stated that- the tag returns gave a reasonable estimate
of mortality rates, but that the exploitation rates were probably under-
estimated. Miller (1974) discussed the biases from the differences in
returns by sex and size of estimates of this population parameter described
from these studies. Decline in harvest rates (Table 48: 0.37 in 1958 to
0.12 or 0.096 in 1968) was attributed indirectly to decline in angler
success which probably caused reduction in fishing effort (Miller, 1974).
This may be related to a declining population.

Other studies evaluating tag types suitable for population dynamics

evaluation were done by Bonner (1965), Davis (1959), and Lewis (1961). All
three selected the streamer type.
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TABLE 48. ESTIMATES OF SURVIVAL AND MORTALITY RATES FOR SOME STRIPED BASS STOCKS
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Merriman (1941) estimated that natural mortality accounted for about
one-third of the two year olds in 1936 which were not taken by the fishery.
Chapotan and Sykes (1961) found fishing mortality particularly high during
the first three years of life. Kohlenstein (1980) assumed that the natural
mortality of three year old males ranged from 10 to 15% in the Potomac River
stock. TFrom tag returns he estimated the commercial and sportfishing
harvest (i.e., fishing mortality) to be 27-42% in Maryland waters, where the
landings showed over two-thirds of the commercial catch occurred during
January-May. Using these estimates of natural and fishing mortality, the
average age distribution of the commercial and sport catches, estimates that
sport fishing lands about one-half as many as commercial fishing, he calcu-
lated the best estimates for age III male and female fishing mortality to
be 35% and 4%, respectively.

Effects of changes in natural mortality rates upon striped bass popula-
tions using various models were discussed specifically by Chadwick (1969),
Sommani (1972) and Saila and Lorda (1977). These and other models which
include parameters to deal with density-dependent and density-independent
mortality variations are described in more detail below. Arguments present-
ed by Chadwick et al. (1977) suggested density-independent factors as the
major influence on population size, while McFadden (1977b) suggested density
dependent factors stabilize the population.

Factors Causing or Affecting Mortality

Predators are responsible for mortalities of egg, larval, and juvenile
striped bass. The effect of reduced food availability on larval survival
has been specifically discussed by Eldridge et al. (1977, 1980), Miller
(1977), Rogers (1978), and Rogers and Westin . (1979, 1980). Other factors
such as cold winter water temperatures and ice scouring of marshes (Heinle
et al., 1976) have been linked to larval survival through resulting food
avallablllty. Only rarely have parasites been directly related to mass
mortalities of striped bass (Sniesko et al., 1964).

Striped bass are among the more dominant species in the area during
their spawning. The larvae may, therefore, compete for food with white
perch or shad larvae or croaker juveniles. Hollis (1967) included a
section describing the food habits of brackish water fishes which have one
or more of their important food items in common with young-of-the-year
and yearling striped bass. Included in this group were white perch, johnny
darter, bay anchovy, alewife, blueback herring, hickory shad, Atlantic
menhaden, tidewater silverside, brindle shiner, silver minnow and golden
shiner.

Many of the physical factors affecting mortality have been discussed
recently by Chadwick et al. (1977). These include changes in river flow,
whether by diversion or dammlng, entrainment and impingement in power plant
cooling systems, and pollution. Pollution can include siltation from
dredging or runoff, heavy metals, and chlorinated hydrocarbons. Implication
of pollution in a specific case of large-scale mortality in California was
discussed by Kohlhorst (1973).
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DYNAMICS OF STOCK OR POPULATION

A number of mathematical models have been produced in an effort to pre-
dict striped bass population behavior in relation to envirommental changes,
especially those influenced by power plant cooling systems. The earliest
models were life cycle models (Lawler, 1972; Sommani, 1972; van Winkle et al.
1974) or stock-recruitment models to aid in stock management (Chadwick, 1969;
Sommani, 1972). Later models added the dimension of the spawning river
hydrography to the biological cbservations of this species as well as elements
to handle a wider range of possible factors affecting the stock. These
models include U.S. Nuclear Regulatory Commission (1975), Lawler, Matuksy
and Skelly Engineers (LMS, 1975), Polgar et al. (1975), Warsh (1975),
Eraslan et al. (1976), and Christensen et al. (1977). There are several
analyses and comparisons of these models or their elements (Wallace, 1975;
van Winkle et al., 1976; Saila and Lorda, 1977; Swartzman et al., 1977;
Resource Management Associates, 1979). Two comprehensive studies of the
effects of power plant operation on the Hudson River with emphasis on striped
bass population estimates, distribution and abundance have been completed
by Barnthouse et al. (1977), and by McFadden (1977a) and McFadden and Lawler
(1977). A brief description of these models and their analyses follows to
give the reader at least a historical perspective.

Many of the models cited deal with the Hudson River striped bass stock
and have been developed primarily to assist in estimating the impact of
power plants along the river. Collection of hydrodynamic and biological
data for this river and its aquatic populations was most intense during
1965-1975 for hearings on the Consolidated Edison of New York, Inc., proposed
power plants at Indian Point in Buchanan, N.Y. The first model proposed
(Lawler, 1972) simulated Hudson River striped bass life stages from egg
through adults using a deterministic approach based on a set of differential
equations similar to those employed to model transport processes in engineer-
ing and physics. Although it included parameters to predict cropping due to
entrainment and impingement as well as natural mortality in young-of-the-year
(YOY) stages, it included no parameters to simulate spatial relationships of
YOY bass and river hydrodynamics. Models simulating tidal transport, YOY
mgration, and vertical hydrodynamic effects were included during 1972-1975.
The resulting model, known as the Real-Time Life Cycle Model (RTLC), is
described in detail in IMS (1975) and McFadden and Lawler (1977). It is
essentially tlHree submodels including a model of the hydrodynamic behavior of
the Hudson River and models of the YOY and adult populations within the river.
The dynamic nature of the hydrodynamic simulation provides the "real-time"
aspect of the model. To simulate the interaction of the tidal action in the
Hudson and the vertical diurnal migration of the larvae, the model divides
the river into two layers of equal depth. The temporal variations in flow due
to tidal action and migration of larvae are then simulated by evaluation of
the hydrodynamic function and distribution of the organisms at three hour
intervals. The YOY and adult models are linked by the YOY model which
supply recruits to the adult model. Assuming natural survival rates that are
density-independent, the adult generates an adult population (using Leslie
matrix approach) with a known female ratio which supplies eggs to the YOY
model.
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In the Final Environmental Statement related to Indian Point No. 3,
the Nuclear Regulatory Commission (USNRC, 1975) staff generated two striped
bass simulation models (a YOY and life cycle model) to assist them in
determining both the short-term impact on YOY bass of entrainment and impinge-
ment by power plants on the Hudson River and the long-term impact on the bass
fishery and population structure. These two computer simulation models, and
their programs, have also been presented separately in full detail by
Eraslan et al. (1976) and van Winkle et al. (1974). The daily total-averaged,
longitudinally cross—section-averaged (one dimension) YOY model includes
contributions from tidal dispersion, convection, and migratory transport.
The model's mathematical formulation is based on the concept of balancing
instantaneous rates of change from convection, dispersion, migrationm,
mortality, survival and growth, and entrainment and impingement of each of the
six life stage populations (egg through juvenile TII) within each discrete
element of the river. The life-cycle population model is based on a Leslie
deterministic, discrete-time scheme incorporating age-dependent fecundity and
survival. It assumes a constant sex ratio and so the model deals only with
adult females. Natural mortality is assumed to be independent of population
size and to occur at all ages over age one. Fishing mortality is applied to
the older bass and is varied with weight. The model allows estimates of the
proportion of surviving YOY with and without density-dependent mechanisms as
well as estimates for entrainment and impingement. Other factors affecting
mortality incorporated into the model are cannibalism, and growth and
survival related to food availability.

Another early life cycle model is that of Sommani (1972) for the
Sacramento-San Joaquin striped bass stock. This model was formulated to
ensure sound fishery management of the stock. Estimates of natural
mortality rates were made from tag-recapture data, while the relatiomship
of population size and recruitment was generated from catch per angler day
data and observations of summer YOY abundance. To model the observed stock-
recruitment relationship for the 1960-1965 data, Sommani investigated the
functions of both Beverton-Holt and Ricker. He found that, although Chadwick
(1969) suggested thereproduction curve for California bass followed the
Ricker function, neither Beverton-Holt nor Ricker functions include
environmental factors in spawner-recruit function improved the fit to the
data. He concluded that a Ricker function modified by expressing the June-
July outflow in the rivers was the best model of the population. This
modification includes the effect of outflow on the production of young bass
(substantiated after Sommani's study) involving spawning capacity and food
availability outlined earlier in this section. Recently, Christensen
et al. (1977) have developed a multi-age-class model based on broad biological
principles. It is capable of producing stock-recruitment relationships
similar to the classical Beverton-Holt and Ricker type curves. The model can
be used to examine the potential impact of power plant cropping of YOY for
the range of stock-progeny relationships generated.

Striped bass egg and larval simulation models for the Potomac River and
the Chesapeake-Delaware Canal have been proposed by Warsh (19753). Each model
consists of a series of differential equations describing the mass balance
of water (vertically and longitudinally) and bass life stages within each
segment of the estuary. This model includes terms describing changes in
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spawn density caused by advection, dispersion, spawning, natural mortality,
entrainment, and larval behavior. This latter element is seen by Warsh as
the most uncertain for the systems modeled. Polgar et al. (1975) reported
analysis of the transport processes in the Potomac River to determine their
role in the spatial and temporal history seen in ichthyoplankton distribu-
tions during 1974 spawning seasons. They used this analysis to develop
empirical models to describe the distribution of eggs and larvae in this
river. Recently, Wallace (1978) has shown that the data available from
Hudson River field surveys indicates that larval stages of striped bass do
not simply drift downstream like solute particles. She observed that these
early life stages appeared able to maintain their longitudinal position in
both fresh and brackish water areas of the estuary. Results generated from
models that simply add larvae into a circulation pattern (i.e., USNRC, 1975)
would, thus, she postulates, appear questionable in estimating the density
of larvae at a power plant intake site.

Most of the models described above were developed as tools to assist
decision-makers in assessing the impact of proposed power plants along
rivers supporting striped bass spawning populations. During the course of
this assessment dialogue, many of the assumptions and functions utilized
in the models' development have been reviewed, compared and analyzed. A
great deal of this review and analysis has been directed at Hudson River
models, especially the first model and its offspring.

In one of the first comparisons of early Hudson River bass models,
Wallace (1975) compared key assumptions of the simple and complex models
developed to the field data available. She concluded that the Lawler (1972)
model agreed with the data on more points than any of the other models
investigated, which included the USNRC (1975) model as well as six other
early models. She suggested that the state of verification of the models
at that time favored the "one based on the fewest assumptions and on the
broadest body of available data" to have the greatest predictive power.
Her comparison also mentioned that the complex models disagreed on the
inclusion (Lawler's) or exclusion (USNRC's) cf compensation as a factor
influencing the population.

The compensation function incorporated into the LMS (1975) Real Time
Life Cyele (RTLC) model (i.e., the later form of the early Lawler complex
model) was analysed by van Winkle et al. (1976) using two types of
sensitivity analysis. They criticized the conceptual basis, especially
"the lack of a sound biological basis for the left 1limb" of the functionmn.
They presented an alternative form for the compensation function which has
a plateau extending from zero to some critical demsity. This is the form of
compensation used in both the van Winkle et al. (1974) and Eralson et. al.
(1976) models. They showed that this formulation had a sounder biological
basis than the IMS compensation function. In a recent review and evaluation
of the LMS/RTLC model, Resource Management Associates (RMA, 1979) included
analysis of the two natural mortality models used in the LMS/RTLC. Both
represent the compensation process. One natural mortality formulation is
based on the Ricker model and the other is based on the Beverton-Holt model.
This analysis points out that, although the most recent presentation of the
ILMS/RTLC model (McFadden and Lawler, 1977) shows the later to be the most
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statistically acceptable representation of the mortality rate, the former
formulation was adopted. It also shows that the Ricker model is not an
accurate representation of the available Hudson River stock-recruitment data.
In addition to the review of this portion of the LMS/RTLC model, the RMA
(1979) analysis stated that the model documentation presented no verification
results or analyses for the model. It was found that the model did not
accurately represent the observed variability in the YOY bass in the Hudson.

Another element utilized in several of the models is the Leslie matrix
model. Saila and Lorda (1977) demonstrated its value as a tool used to
examine the dynamics of the Hudson bass population. They examined the
available data on survival rates of various YOY stages and performed
sensitivity analysis on the effects of changes in these rates on short-term
dynamics of that population. They simulated an increase in mortality of from
2 to 20% on five YOY stages from an equilibrium population, alone and in
combination. They observed that simulated mortality increases to only one
stage resulted in little change in the adult populationm, while increases in
mortality at each stage resulted in reduction of the population. Also any
reduction in the fishing mortality in one to several of the age-classes (3 to
20) of the population would permit a higher tolerance of additional YOY
mortality in the model.

Swartzman et al. (1977) compared eight simulation models used to assess
the impact of power plants on important fish species. Seven of them were
striped bass models of Hudson and Chesapeake stocks. All of these assumed
that without power plant operation, the bass populationms remained in
equilibrium. They discussed the two hypotheses for the manner in which
compensatory mortality acts and concluded that the striped bass data is not
sufficient to infer the spawner-recruit relationship. Thus it is difficult
to tell which hypothesis (LMS, 1975 vs. USNRC, 1975, or Van Winkle et al.,
1974 and Eraslan et al., 1976) is more reasonable for striped bass. Swartz-
man et al. (1977) found that the major differences in biological assumptions
in the bass YOY models was the choice of stage durations and inclusion of
compensatory mortality at both high and low fish densities. In the bass
life cycle models, they observed that the major difference in the predictions
of yield and population reduction resulted from using density-dependent or
density-independent fishing mortality, and using different values for the
probability of natural survival of bass in age classes 1 to 3. They
concluded their review with suggestions for improved documentation of models
and greater cooperation and exchange of modeling ideas.

THE POPULATION IN THE COMMUNITY AND THE ECOSYSTEM

Much of this information has been presented in other sections. The
general features of the environment supporting the various life stages of
striped bass can be found in Sections 8 to 11 in the subsections on
natural habitat. Species composition and seasonal abundance in some
communities which include bass have been reported for the surf zone by
Schaefer (1967), for the Hudson River estuary by Perlmutter et al. (1967a
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and b), Institute of Environmental Medicine (1977), Texas Instruments
(1976¢c, 1977b), and McFadden (1977a), for the Delaware River estuary by
Schuster (1959). and de Sylva et al. (1962), for the Chesapeake-Delaware
Canal by Bason et al. (1975), for the Potomac River by Ecological Analysts
and Johns Hopkins University (1974), Johns Hopkins University (1974), and
Hallowing Point Field Station (1976), and for the Sacramento-San Joaquin
Delta in Turner and Kelley (1966). Changes in environmental factors and the
effect on the community and stock are discussed in these reports and in
subsections above.
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SECTION 14

EXPLOITATION AND MANAGEMENT

EXPLOITATION

Fishing Equipment

Gears --

Striped bass are landed using both commercial and sport fishing gear.
The commercial gear presently employed are listed in Table 49. Changes in
gear during the development of the fishery were discussed by Koo (1970),
Raney (1952), Scofield (1931), and Vladykov and Wallace (1952). Rosko
(1966) and Moss (1974) described sport fishing gear and techniques in detail.

Recent changes in contribution by each type of commercial gear is
indicated in Table 50 by percentage of the total landed within each state.
There has been an increase for all states in handlines, otter trawl and
drift gill net catches and a decline in pound net and haul seine catches
during the second five year period.

Boats —
A variety of vessels from small outboards to larger trawlers, depending
on type of fishing gear, are used. Sport fishing utilizes party boats of

various descriptions.

Fishing area

Geographic ranges —-

Striped bass support sport or commercial fisheries throughout their
distributional range (see Section 6). The relative abundance can be
inferred from landings by state (Table 51) where the sale of bass is
permitted.

Fishing for striped bass occurs in reservoirs, rivers, bays, coastal
ponds and estuaries throughout its range. Fishing also occurs along
exposed coast, sandy beaches, open headlands, offshore wrecks and banks
generally within 5 to 10 miles (8 to 16 km) of the coast depending on the
gear used .and the legality within the state (see Table 51).
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TABLE 49.

SUMMARY OF INFORMATION AVAILABLE ON STRIPED BASS FISHERIES

State Type of Equipment Area Season®
Explozitation
Maine sport handlines Gulf of Maine & estuaries spring § summer
New Hampshire sport handlines Gulf of Maine spring, summer &
fall
Massachusetts sport handlines coastal areas sprang § fall
Rhode island sport & nandlines coastal areas, ponas, & spring § fall
comercial floating traps Narragansett Bay
fixed gill net
haul seine
Connecticut sport handlines
New York sport & handlines coastal areas of Lon sprang & fall
commercial haul seine I[sland, Hudson Rive winter & spring
pound net
otter trawl
g1ll nets
New Jersev sport & e handlines coastal areas, ponds & winter, spring &
commercial fyke net estuary fall
haul seine
pound net
otter trawl
Delaware sport & hanalines coastal areas and Canal winter & spring
commerc:al fixed gill net
Marviand sport & handlines d Chesapeake Bay and ravers fall, winter,
commercial drift & fixed gill nets spring & summer
pound net
haul seine
Virginia sport & handlines Chesapeake Bay, York, b fall, wincer,
commercial pound net Rappahannock and James spring & summer
haul seine Rivers
fixed gill net
fyke net
North Carolina sport & handlines Albemarle and Pamlico Sounds fall, winter,
commercial pound net Roanoke River spring & summer
otter trawl
haul seine coastal areas otfshore
fixed gill net
fvke net
Oregon commercial fixed and drift g2ill nets coastal
a

winter = Januvary-March, spring = April-June, summer = July-September, fall = October-December.

b
c
d

Licensed.

Ocean fishing prohibited within 3-mile lime.

Now closed due to puolic health laws regarding consumption of contamnated fish flesh.

(Source of information for table include Koo, 1970; Chapoton and Sykes, 1961; U.S. Fisherv Statistics;
and personal observations by authors.)
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TABLE 50. PERCENTAGES OF STRIPED BASS LANDED CAUGHT BY EACH GEAR, BY STATE,
FOR 1962-662 and 1967-71°

NANDL INE FLOATING TRAP POLND NET OTTER TRAWL
STATE 1962-66 196/-71 1962-66 1967-71 1962-66 1967-71 1962-66 1967-171
Massachusetts 93.2 93.9 0.2 0.6 6.0 4.3 - 0.04
Rhode Island 33.8 48.0 56.2 28.6 - - 6.4 12.8
New York 2.4 9.1 - - 3.5 5.7 14.6 8.2
New Jersey 0.6 0.8 - - 2.2 5.6 75.9 57.6
Delaware - 2.0 - - - - 33 -
Maryland 3.7 2.8 - - 6.1 7.2 0.4 6.7
Virginia - 0.8 - - 30.3 32.5 0.3 5.8
Na. Carolina - - - - 20.3 5.2 - 14.3
ALL STATES 7.9 11.7 1.2 0.5 13.1 10.4 1.6 11.3
MAUL SEINE FIXED GILL NCT DRIFT & RUNARQUND FYKE NET & OIHER
GILL NET
STATE 1962-66 1967-7) 1962-66 1967-71 1962-66 1967-71 1962-66 1967-N
Massachusetts - - - 0.02 - - 0.6 0.7
Rhode Island 2.4 1.3 - - - - 1.2 3.7
New York 1.6 49.4 5.3 6.6 2.6 9.8 - -
New Jersey 3.2 2.7 90 12.6 6.0 12.7 3.1 8.1
Delaware - - 96.7 88.3 - 0.8 - Q.1
Maryland 9.0 4.5 55.3 53.3 25.4 25.5 0.1 0.1
Virgiania 29.1 15.6 29.3 22.9 3.5 8.7 1.5 52
No. Carolina 12.3 21.9 58.9 56.3 0.7 0.2 2.8 4.2
ALL STATES 19.8 16.9 36.5 5.2 11.9 13.3 2.0 2.6
% 1962-66 taken from Koo, 1970 b 1967-71 extracted from U.S. Fish. Stat.

by autiers.



TABLE 51. STATE REGULATIONS GOVERNING STRIPED BASS FISHING

State Sfze Ltrmt Fishery and Limits Season Sale
MHaioum  Maxaimun
cm
Maine aone none sport ngne no restriction
New Hampsnire  40.8 “L none sport none no reszriczion
“4assachysetts 4.8 FL none spore none no restrictinn
3node isiana 10.6 FL none sport; conmerciaid commercial no restriction
connecticut 0.6 FL none spore none pmmbugdb
New fork 40.8 FL none sport; commercial Hudsan 3 Oelaware uvers nc restriction
closea
New Jersey 5.7 L nane spart (10/day) yes no restriction
dalaware 9.5 L 2.1 xg spart; commercial commarcial no restriction
“aryland 0.5 L §.3 kg spart {1/day); commercial none no restricilon
rginia 5.6 TL i01.56em soort (max. 2/day > 101.6 am) none ng restriction
commercial

Morth Careltna 0.5 <L rone sogrt; sormercial agne inland orantbitad
South Caralina 25.4 TL none sport (2-10/day) naone promm:aa:
leorgia 1.1 AL none spart (S/day) none ;:rnmnlteal"
Fiortaa 8.1 L naone seart (6/day) none ,-.m-mﬂntedJ
Alabama none none sport (5/day freshwater) none pronibited
M1ss1s51001 38.1 FL none soort (3/day freshwater) none prohioi ted
Loutsiana® nane none spart (2/day) nane orchibited”
Tevas none none sport (landlocked) none pronibited’
Califarnia® 0.6 TL none sport {3/day) nane prumblt.ed"
Oregon 0.6 TL none sport (5/day);: commercial none sport prohibi ted
Washington nane none none none no restriction

2 Refers ™0 states sermtting use of commercial gear specifically to caoture striped bass.

b Sale of striped bass taken oy any gear prohibitad; all other statas permi? sale 1f taken incidently In
nets set for ather species.

¢ Requirs salt water license: all others require fresmwatar fishing license 1f sport fishing gear is used
in designaced 1niand waters.

(Sourze of i1nformacion o 23hia Ofuderer et al . 1975).
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Worth (1912) discussed fresh water angling grounds in North Carolina,
Maryland, and Rhode Island. Other freshwater areas for angling are men-
tioned in Moss (1974) and Rosko (1966).

Depth Ranges —-

Striped bass are pelagic and fishing depth depends greatly on the type
of gear and the total depth available in the particular fishing area.

Conditions of the grounds ——

Some grounds have been closed as a result of possible public health
hazard from consumption of tainted fish flesh. These include the Hudson
River, New York, and the James River, Virginia, specifically for PCBs and
Kepone bioconcentration, respectively.

Water flow through spawning and fishing grounds may change due to
diversions from hydroelectric power generation as in the Roanoke River (Fish
and McCoy, 1959), or to irrigation diversion as in the Sacramento-San Jcaquin
Rivers (Chadwick et al., 1977).

Fishing seasons

General pattern of season(s) —— ~

General pattern of seasons (see Table 49) depends greatly on feeding and
spawning migrations of striped bass. For example Koo (1970), tabulating
landings by month by state for 1961-1966, observed 10%Z or more of the total
catch occurred during June-October in Massachusetts, but during March-April
in Maryland and Virginia, respectively.

Dates of beginning, peak and end of season(s) and variations in duration ==~
Table 49 shows approximate times of fishing seasons for striped bass.
The season also depends on the type of gear fished, which is often

directly influenced by the size of bass in the area and/or the size desired.

Ice may reduce or prevent fishing. Environmental changes responsible
for changes in distributions can affect fishing seasonms.

Fishing operations and results

Estimates of sport angling effort for striped bass are presented in
Table 52 from the literature. In a recent creel survey of bass fishing in
the Annapolis River, Nova Scotia, Jessop and Doubleday (1976) found that
anglers caught an average of 0.1l bass per 2 hours of effort. The range
in bass caught per hour of effort was 0-0.22 during the 1975 survey.
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TABLE 52. ESTIMATES OF STRIPED BASS FISHING EFFORTS FROM SURVEY OF ANGLERS

Area Year % Bass of Total Catch of Bass Per Author
Caught Unit Specified
Connecticut River 1972 4.8 - Marcy & Galvin (1973)
Long Island 1956-1960 0-100 0-1.3/unit effort Briggs (1962)
1961-1963 0-100 0-0.8/unit effort Briggs (1965)
Susquehanna Raver 1959-1960 0.33-1.64 - Plosila (1961)
1970 4.4 - Carter (1973)
Patuxent River 1960 8.8-9.4 7-15/100 man hrs Shearer et al. (1962)
of effort
Northeast River 1958 <0.5 - Flser (1960)
Potomac River 1959-1961 20.7-76.4 0.3-0.71/man hour Irishie § Ritchie (1963)
Chesapeake Bay, Virginia 1955-1960 - 0.01-0.26/man hour Richards (1962)
Kerr Reservoir, Virginia 1961 32.95 0.02-0.11/man hour
1962 9.60 0.01-0.04/man hour POmrose (1963)
Roanoke River, North Carolina 1956-1969 - 3.01-8.37/boat day lassler & llogarth (1970)
Sacramento-San Joaquin Rivers 1936-1948 - 10-25 annual catch/ Calhoum (1950)
successful angler
1938-1948 0-79 0-3.0/angler/day Chadwick (1949)
Saciamento-San Joaquin Rivers 1951 10.8-52.0 3.5-47.6 mean catch/ Calhoun (1953)

1953-1959
1960-1968

successful angler
0-2.3/angler/day

Chadwick (1962)

0.3-2.51/angler/day McKechnie & Miller (1971)




Commercial units of effort, landings per unit of effort, and catch per
gear unit for selected states are shown in Figure 47. This is a composite
from Koo (1970) of four separate figures he presented. Time series analysis
(1947-71) of landings per fishing unit (Van Winkle et al., 1979b) showed
an average annual increase of 177 per year for New York and 2-8% per year
for Massachusetts, Maryland and North Carolina. A more detailed time series
analysis (1930-1974) by these authors of Maryland landings and landings per
fishing unit suggested that a portion of the long-term increase in landings
was associated with gear effects rather than actual population increase.
Effort and catch per unit for Maryland's haul seine fishifig’during 1958 and
1959 was presented by Murphy (1960). Intensity of fishing by selected gears
in states where landings are legal can be seen from information in Table 50
for two, five-year periods.

Variation in fishing effort and intensity can result from entry into
the stock of a dominant year-class. This occurred in Virginia when the 1966
year-class entered the gill net fishery (Grant et al., 1971). Dominant
year-classes from 1934, 1940, 1958, 1966 and 1970 are represented in the
landings beginning three years later.

Selectivity —— -

Grant and Joseph (1969) used catch statistics from pound net and fyke
net fisheries in Virginia rivers as a source of non-selective (i.e., catch
proportional to actual age composition) gear data. They found the haul
seine and sport fisheries were selective primarily because of seasonal
distribution and schooling of young bass during the summer season.

Vladykov and Wallace (1952) discussed gear versus size of bass caught.
In general, they observed that pound nets took bass ranging from 10 cm to
32 kg with seasonal variability. Haul seines took various size bass and
often the larger ones. Gill nets were very selective, catching bass of a
size proportional to the size of mesh employed. Mansueti (1961) provided
length frequency of gill net catches for different meshes by sex and age.
Trent and Hassler (1968) reported mesh sizes required to catch dominant age
groups in the Roanoke River. These were 4.25 and 4.75 inch stretched mesh
for age III and IV males and 5.25 and 5.50 inch stretched mesh for age IV
and V females.

Angling surveys have generally found that a few sport fishermen catch
the majority of the bass harvested by this gear.

Evaluation of experimental nets is available in Calhoun (1943), Miller
(1977) and Texas Instruments (1977b).

Catches ——

Table 53 summarizes the total catches, from landings reported by
state, for the United States marine areas. Where the sale of striped bass
is not prohibited (Table 51) these totals include angler caught bass.
Catches made purely by recreational angling have been estimated by Clark
(1962), Deuel and Clark (1968), and Deuel (1973). The estimated marine
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Figure 47. Landing statistics for Massachusetts (1), Maryland (2),
New York (3), and North Carolina (4) striped bass fisheries.
(Source: Koo, 1970, Figures 6-9)
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TABLE 53. STRIPED BASS LANDINGS BY MARINE,STATE IN THE UNITED STATES,
IN METRIC TONS

Year L] Hase [{] Conn NY L 1] hel L] N Ga alifr Ore
1930 1221 72 [ ] LR 168 46 587 § 19s o w7 s AN 78
s A 172 ts 91 82 230 88 3 ML) 148 S a4y 1 AhH
132 (LI | 32 LA 145 sS4 T h 197 1 269 7 2 2 2710 82
19%3 ni 177 L) 8.6 41 54 142 6 28 6 20 60 m9
1934 151 2 140 7 164 3 LA 9
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1947 nr S50 23 0 s0 o A 272 w5 o6l S T83 2 41 A
1948 %4 M A 45 LA IR6 163D 12031 s 2 531
1949 32.? W 8 11 P L] L 1S5 8 13 6 Re8 S A4
1950 213 SO B 32 234 7 M s 12% 0 Ly7u 3 1269 4 Wi 9 1o 8
1951 59 9 S0 8 10 2R84 2 63 & 97 & 1P0 S LIL s e
1952 S0 8 232 L] nn o 13 3 S4 5 van | FCA N 293 ? a2
1953 7 7 372 27 MR 197 5 48 1 4% o Wl 17 15
1951 »9 §27 t5) 199 % 2 o6 3 957 0 ERINN ] &9 4 o
1955 327 154 (0 5) 2207 159 99 1167 7 s 9 314 1 123
1950 32 2 1ns s w3 n> 27 976 ) 4si 7 346 9 (0 S) %3
1957 %4 w1 vs 251 1 %9 9 73 [ ER] 21 8 211 0 [LR-1] 59
1958 232 Mo 13 180 7 A o 1409 7 SY7 9 U7 o ns no
1954 3% A 14 1 36 244 3% a0 51 1924 § vsz n s v 0 5) 91
1960 58 "9 s I 9 51 8 1 4+ 2y 7 w2 3’5 0 ns 13 2
1964 us 3 ™A 91 131 15 3 no 2458 2 87 219 7 (-3 15 0
1962 T 277 14 5 298.3 221 3 49 N0 1800 5 882 5 3\t

19613 217 9 22 11 & 305 S 341 04 21 8 1702 0 1247 1 3%a 1 ns N3
1964 237 v ML 15 9 18.7 452 2 141 1498 2 57 1284 2 [ | 09
1968 e 202 272 3% O MuS 5 118 1%%4 9 e 7 ? o M1
1966 3o 05 0 1135 17a 7 143 0 29 1 1514 S 1272 K e 5 S 21 4
1967 Yo W § 59 u 7400 j38 S Wwoe 18881 70 1 R ® a5 s
M8 4S5  Io " s s 08 1 22,2 2157 S 732 % HoB | [ 13
ey S5 4 1M1 3 s 9 696 ¥ 4% 1 " en g2 MER [ 177
1970 61 6l0 2 i ou? S ot 2 215 1WA L N8 n 1052 4 09 27
197 68 e v s 5 537 5 %7 177 121% 3 54 § as7 8 [[] 38
1972 73 st 1an 3 37 5 HO 3 (AP 1466 O 1207 2 $7Z2 S 23 B0
1973 68 o292 82 R ™ M7s 20600 2359 I 1341 2 TS 4 7 82

* Xou (IY70) tor L9 'k and U > Fishory Setatistics, 1Y30. 1973, tor srates por repurted by hou, alt
converted trom thousands ot ponnds

219



recreational catch for 1970 was 38.04 metric tons for all United States
regions. For each region this total was broken down as follows:

North Atlantic (Maine-New York) 20.79 metric tonms
Middle Atlantic (New Jersey-Cape Hatteras, NC) 12.38 metric tons
South Atlantic (Cape Hatteras, NC~Southern Florida) 0.09 metric toms
North Pacific (Pt. Conception, Calif.-Washington) 4.76 metric tomns
(U.S. Dept. of Commerce, NMFS, 1976)

Total commercial landings for the United States were given as 5089.8
metric tons for 1974 and 3906.2 metric tons for 1975. The 1975 landings
broken down by distance caught off the United States coast were given as
3685.1 metric tons for O to 3 miles (0 to 4 km), 212.1 metric tons for 3
to 12 miles (4 to 19 km) and 9.08 metric tons for 12 to 200 miles (19 to
322 km) by the U.S. Department of Commerce (1976).

Striped bass do not appear in great quantity in Canadian catches.
Leim and Scott (1968) stated that the catch from the Canadian Atlantic for
1962 was 8.1 metric tons. They reported that about 1000 bass were angled
in Shubenacadie Lake in 1949. Dadswell (1976) provided the commercial
landings of striped bass by the Belleisle Bay fishery from 1895 through
1975. The _ smallest catch occurred in 1975 (0.68 metric tons), while the
greatest were in 1966 (21.38 metric toms) and 1959 (19.80 metric tomns).

The Yearbook of Fishery Statistics, FAO (1975) shows Canadian catches
of striped bass (bar d'amerique) for 1974 as 10 metric tons with "more than
zero but less than 50 metric tons'" caught during 1970-1973. Japan reported
catching 1 metric ton of striped bass in the area (21) north of Cape
Hatteras in the Atlantic Ocean along the US-Canadian coast in 1974 with
data not available for 1970-1973. According to this source, the United
States landed 5097 metric tons in 1974 from all areas (21, 31, 67) reporting
striped bass catches. Thus the total catch of striped bass for 1974 was 5118
metric tons. Unfortunately, this data is not available for earlier years
so a comparison is not possible as it is for United States marine catches
(Table 53).

MANAGEMENT

Regulatory (legislative) measures

Limitation of reduction of total catch --
Limitations on the fishery are summarized in Table 51 for coastal

states. The states where stocks have been introduced have freshwater
angling in the reservoirs and lakes.
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The jurisdiction of the U.S. Fishery Comnservation and Management Act
of 1976 (P.L. 94-265) over this species has not been established. If
this law is amended to include fisheries within the territorial limit,
three Regional Councils (i.e., New England, Mid-Atlantic, and South
Atlantic) along the Atlantic coast plus the Gulf and Pacific Councils
would be charged with the task of developing a management plan for the
striped bass fishery within their geographical areas. In the case of a
migratory species such as the striped bass, the Regional Councils are
provided with mechanisms to coordinate their activities and plans.

Currently, management of the inshore fisheries (including striped
bass) resides with the individual states, with the State-Federal Fisheries
Management Program (SFFMP) of the National Marine Fisheries Service (NMFS)
coordinating the interstate programs. The SFFMP works with and often
through the Atlantic States Marine Fisheries Commission (ASMFC), a compact
of the fifteen Atlantic coastal states (Maine to Florida). In 1976, the
Advisory Committee of the ASMFC (1977) suggested that the SFFMP undertake
the job of developing a regional management plan for the striped bass
fisheries within the "migratory population" from North Carolina to Maine.
One result of this suggestion was the Striped Bass Management Workshop
held September 23, 1977, in Baltimore, Maryland. This workshop was co-
sponsored by the Northeast Region of the NMFS, SFFMP, and the Maryland
Fisheries Administration. One of the recommendations of this workshop
was that a striped bass management program be established through the
SFFMP with funds supplied by NMFS with a full time manager* to coordinate
the program. This program was organized and implemented and is adminis-
tered through the established network of the ASMFC.

Pending before the 96th U.S. Congress is a bill reauthorizing the
Anadromous Fish Conservation Act (U.S. Senate, 1979). If this bill and
its appropriations are enacted, the NMFS (Commerce Department) and the
Fish and Wildlife Service (Interior Department) will be charged under
public law with conducting studies on the status of striped bass in
Atlantic coastal waters as well as determining aspects of its biological
and economic significance.

Protection of portions of population --

Areas and seasons of closed fishing are presented in Table 51. Size
limitations as well as restrictions on use are also shown in this table.

Control or alteration of physical features of the environment

Regulation of water flow --

The completion of the Pinopolis Dam on the Cooper River to control
water flow in the Santee and Cooper Rivers created the Santee-Cooper
Reservoir in South Carolina. The striped bass trapped in the reservoir
plus those using the navigation lock at the Pinopolis Dam have established

*Michael Leverone, Project Manager, Striped Bass Management Program,
Maryland Fisheries Administration, Tawes Office Bldg., Annapolis, Md 21401.
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a successfully reproducing stock which completes its entire life cycle in
freshwater (Scruggs and Fuller, 1955).

The alteration of flow with hydroelectric plants as in the Santee-
Cooper (above) and Roanoke (Fish and McCoy, 1959) Rivers, or with irrigation
diversions as in the Sacramento-San Joaquin Delta (Chadwick et al., 1977),
or with power plant cooling systems as in the Hudson, Potomac and other
coastal rivers affects spawning sites and abundance of early life history
stages.

Control of erosion and silting -- -

No specific attention has been given to control of silting or erosiom,
although patterns of siltation are affected by dam constructionm.

Fishways at artificial and natural obstructions --

The only fishway reportedly used by migrating striped bass is the navi-
gation lock at the Pinopolis Dam on the Tailrace Canal of the Santee-Cooper
Reservolr, South Carolina (Scruggs and Fuller, 1955).

Fish Screens —-

Use of fish screens alone by bass at the Tracy Pumping Plant (Erkkila
et al., 1950) and together with collectors to relocate bass at the Centra
Costa Steam Plant (Kerr, 1953) has been successful in California. Experi-
ments were also conducted with a vertical baffle type fishway for use in
diversion canals (Fisk, 1959). Traveling fish screens are usually part of
the current power plant comstruction along coastal rivers.

Control or alteration of chemical features of the environment

Water pollution control —

Chittenden (1971) stated that gross pollution had destroyed the
spawning and nursery areas of striped bass in the Delaware River. Kohlhorst
(1973) implicated chemical pollution in a California bass kill. Boyle (1970)
warned of increasing PCB bioconcentrations in bass. The Hudson River is now
closed to landings of striped bass due to the public health danger of con-
suming fish high in PCBs. Kepone pollution has similarly closed the James
River. Mansueti (1962) discussed increasing pollution and striped bass sur-
vival. Kumpf (1977) reviewed the economic impact on sport and commercial
fisheries, including striped bass, of possible pollution resulting from oil
and gas exploration and production, effluent discharge resulting in fish
kills, and habitat alteration by dredging and f£illing. The coastal areas of
his impact assessment were the North Atlantic, Mid-Atlantic, South Atlantic,
and Gulf of Mexico regiomns.,

Radtke and Turner (1967) investigated apparent blockage of spawning

migration by high total dissolved solids in the San Joaquin River. They con-
cluded that some planned water diversions could threaten entire spawning runs.
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Artificial fertilization of waters

Pond management (see Section 4 ) is the only case of controlled
fertilization. Possible effects of fertilization from pollution are dis-
cussed by Mansueti (1962) and Talbot (1966).

Control or alteration of the biological features of the environment

Control of aquatic vegetation --

This occurs primarily in management of pond culture situations of
juvenile bass (Bonn et al., 1976). Copper sulfate has been recommended for
algal control in these ponds. Casoron and Simazine have been recommended
for the control of aquatic vegetation. However, the median tolerance limit
of juvenile bass to Simazine (see Table 39) is much lower than the rate
recommended for control.

Control of parasites and diseases -—-

Little parasite or disease control has been attempted except under
culture conditions. These are described in Section 10 for small scale or
semi-closed rearing systems. In pond management situations Lindane and
Malathion have been suggested for the control of parasitic copepods. Ethyl
parathion has been used in the control of predators in ponds prior to the
introduction of the juvenile bass. Bayluscide has been used to control
snails that are suspected to be acting as hosts for trematode- parasites.

Control of predation and competition --

Controls of this nature have not been attempted, although bass are
used to control some shad populations in freshwater reservoirs and lakes.

Population manipulation --

Population manipulation beyond the modeling stage has not been at-
tempted. TFor a general description of these models, see Sectiomn 13

Artificial stocking

Maintenance stocking --

Most of the bass produced currently in state and federal hatcheries
are to maintain stocks introduced to control shad populatioms and/or to
provide sport fishing in inland waters.

Transplantation, introduction--
Striped bass were transplanted to the Sacramento River, Califormia,
in 1879 and 1882 in two shipments (via railroad) of bass from the Navesink

and Shrewsbury Rivers, New Jersey. These transplanted bass (young to sub-
adults) apparently adapted well and by 1887 extended from San Diego to
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Oregon (Smith, 1896). By 1889 the commercial production in Samn Francisco
Bay was about 1 million pounds annually (Scofield, 1931), indicating suc-
cessful reproduction and growth.

With the discovery that the striped bass could complete its life
cycle in freshwater (Scruggs and Fuller, 1955), inland states became inter-
ested in stocking it to control shad populations and to provide additional
sport fishing (Bailey, 1975). Fingerling stocking has been reported to be
more effective than the stocking of either fry or adults. Bailey (1975)
provided an evaluation of stocking programs in the southeastern United
States. For the current distribution of striped bass see Section 6 .
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