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Table 154. Results of phase | nursery trials with striped bass and its hybrids in brackish ponds (salinity
4-8 ppt) (from Smith 1989).

Stocking Data Harvest Data
Density Duration Density  Survival Mean Wt

Type of fish {No./ha) Date {days) {No./ha) % @
Striped bass 600,000 04/28/87 30 281,630 46.9 0.36
F, original 128,999 05/08/85 4] 96,000 75.0 045
hybrid

Fy reciprocal 300,000 03/10/86 57 74,500 248 2.20
hybrid

Fy reciprocal 300,000 03/10/86 56 161,030 53.7 0.67

hybrid




Chapter 16

Striped Bass and Striped Bass Hybrid Culture:
The Next Twenty-Five Years

Reginal M. Harrell, Jerome Howard Kerby,
Theodore 1. J. Smith, and Robert E. Stevens

Tremendous growth and expansion have occurred in striped bass (M. saxatilis) and
hybrid striped bass culture and management during the past 25 years. Increased stocking of in-
land and coastal systems, expansion of "put and take” recreational fisheries, establishment or
enhancement of naturally reproducing populations, and restoration of threatened or declining
natural populations, have all increased dramatically in recent years.

Declines in coastal stocks, which have traditionally supported commercial fisheries,
have resulted in the development of a rapidly growing commercial aquaculture industry. In
the United States, farmers constantly search for more profitable alternative forms of agriculture,
and it has become apparent that aquaculture is a viable candidate. The future should find gov-
ernment and private industry working in concert to increase production, which will ultimately
benefit both public and private fisheries.

Research will focus on nutrition, domestication of brood stock, evaluation of inland and
private fisheries, strain selection, genetic manipulation through selective breeding, hybridiza-
tion, polyploidy induction, possibly recombinant genetics, and production enhancement
through reproductive and growth phystology. From a management perspective, the biological
needs of the species, as opposed to social desires of the consumer, will be a major driving force
for management of inland and coa stal fisheries.

In the following sections, we will discuss specific areas that will receive particular atten-

tion in the next 25 years. The areas are by no means exhaustive, but they are areas where needs
are already apparent.
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Sustaining, Enhancing, and Restoring Estuarine
Populations of Striped Bass

Sustaining the Populations o
During the past two decades, substantial increases in recreational and commercial fish-
ing, habitat alterations, and water pollution, have seriously reduced populations of striped bass
in inland and coastal areas. Historically, fish populations have typically been managed by _
regulations that control seasons and restrict harvests. These regulations are the primary tool in
all estuaries and inland systems that now contain striped bass. The most stringent regulatior.ls
in history, inchuding moratoria on harvesting striped bass, have recently been in effect in vari-
ous coastal and inland systems (e.g., the Chesapeake and Delaware Bays). Large minimum size
limits and restricted seasons are the rule elsewhere along the mid- and north Atlantic coasts.

Likewise, inland fishermen are being subjected to reduced creels and implementation of, orin-
creases in, minimum size limits.

In the San Francisco Bay, the daily creel limit has been reduced to two striped bass
longer than 19 inches (total length), and commercial fishing was banned over 25 years ago.
Similar measures in the Chesapeake Bay were designed to protect spawning adults with the ex~
pectation that sufficient reproduction would occur which would assure viable fisheries in the
future. In the 1980s, a management strategy was adopted in the inland Santee-Cooper Lakes,
South Carolina, that implemented an 18-inch minimum size limit and subsequently reduced the
creel from 10 to 5 fish per day to increase harvest size and protect the spawning stock (M. G.
White, South Carolina Wildlife and Marine Resources Department, personal communication).

Enhancing the Populations

For over a century, populations of many fish species have been established and en-
hanced through the practice of aquaculture. The best known examples are the Pacific salmonid
stocking programs on the west coast where five salmonid species have been enhanced by stock-
ing programs conducted by 300-400 state, federal, and private hatcheries.

Enhancement of estuarine populations of striped bass has recently been initiated (see
Chapter 14 for comments on inland populations). It is believed that Gulf coast striped bass pop-
ulations (which had declined precipitously by the late 19405} were never as large or resilient as
the mid-Atlantic populations. Initial stock enhancement efforts were begun in Mississippi in
1969. By 1986, almost 67 million fingerlings and 18 million fry had been stocked by Texas,
Louisiana, Mississippi, Alabama, Georgia, and Florida (Nicholson 1986). Fishable populations
have been restored in many areas, but natural reproduction has not reached a level that will
sustain viable fisheries (R. V. Minton, Alabama Department of Conservation and Natural
Resources, Marine Resources Division, personal communication).

In 1980 and 1985, stock enhancement efforts began in San Francisco Bay and Chesapealke
Bay, respectively. Since then, 4.4 million advanced fingerlings have been released in San Fran—
cisco Bay and almost 2.8 million phase [l fingerlings have been released in the Chesapeake Bay
(C. M. Wooley, U.S. Fish and Wildlife Service, personal communication). Most fish stocked in
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these locations were tagged, and many have been recaptured. Although it is too soon to
evaluate the effect these efforts have had on stock enhancement, it is evident that hatchery fish
are surviving and growing similar to marked wild fish.

We anticipate that striped bass hatcheries will not continue to be required to maintain
fishable levels, as is the case with Pacific salmon. Haltcheries are expensive to build and
maintain, and the practice can alter the gene pool; however, they provide a powerful tool for
restoration and maintenance of viable populations of striped bass in inland reservoirs and in
estuaries.

Role of State and Federal Agencies and Private Citizens

Regulations controlling utilization of natural resources are primarily promulgated and
enforced by state governments. Every state with striped bass and hybrids has regulations
pertaining to managing and harvesting these fish. Research is primarily within the province of
the universities, while protection and management of the resource is under the purview of state
and federal governments, although by necessity, the roles often overlap. For example, in the
Chesapeake Bay, the U.S. Fish and Wildlife Service, in coopera tion with the state of Maryland
Natural Resources Department, is actively conducting a comprehensive stocking and tagging
program for striped bass. While at the same time, the University of Maryland provides input
on management decisions and undertakes research efforts to enhance production of hatchery-
produced fish. Similar situations are found in other states. Likewise, many state and federal
agencies are conducting research in areas such as population dynamics, water pollution, and
aquaculture.

Federal laws, including the Lacey Act and the Atlantic Striped Bass Conservation Act,
have been very useful in protecting and enhancing striped bass populations. Inaddition, the
US. Fish and Wildlife Service has supported research to determine causes for the population
declines in the Chesapeake Bay and for aquaculture. Many of the National Fish Hatcheries are
involved in rearing striped bass fingerlings produced in state hatcheries which ultimately
return to the state waters.

Strategies developed to restore estuarine populations of striped bass have been
enthusiastically accepted by a sympathetic public. Will these programs succeed in the
Chesapeake Bay and in San Francisco Bay? Will inland programs continue to grow? It is too
early to tell, but the answers should be available within the next few years.

Goals and Direction of Research

The Future of Research

Research has been and will continue to be, an important component in striped bass and
hybrid bass culture and management. There has been phenomenal progress made in Morone
culture in the 25 years since the initial breakthrough in hormonal induction and prediction of
striped bass spawning by Stevens and his co-workers (Stevens 1966, 1967; Stevens et al. 1965),
and the demonstration by Anderson (1966) that striped bass could be successfully reared in
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ponds. Knowledge gained from research by universities and state and federal agencies has
resulted in: (1) enhanced management capabilities and creation of new recreational fisheries in
inland lakes and reservoirs; {2) the ability of state and federal agencies to enhance threatened
naturai populations in coastal areas such as the Chesapeake Bay; (3) the inception of a new,

high-value aquaculture industry; and (4} the ability to provide mitigation for industries that im-
pact striped bass populations.

If progress in culture of Morone species is to continue at the same rate or to accelerate,
and if the increasing demand for fry and fingerlings (i.e., seed stock) by both private interests

and governmental agencies is to be met, research efforts must be supported not only by federal
and state agencies, but by the private sector as well.

Larval survival and production techniques must be improved to ensure adequate num-
bers of fingerlings are available for enhancement of natural populations, if and when needed.
Wild brood stock should be used for these purposes and should be protected from over-
exploitation and other actions by man which threaten their existence. In stock enhancement ef-
forts, strategies should be developed to protect the genetic diversity of the wild populations.

The advent of commercial enterprises (and perhaps, ultimately, for put-and-take recrea-
tional fisheries), necessitates development of domestic brood stock {including striped bass,
white bass [M. chrysops], and perhaps hybrids) to eliminate commercial reliance on wild brood
fish populations and from the sometimes capricious regulations of state agencies. Associated
with the domestication process, various strains of striped bass and white bass need to be criti-

cally evaluated, particularly regarding growth and survival characteristics, disease resistance,
and tolerance to differing environmental conditions.

Many research efforts are severely hampered because striped bass and other Morone
species spawn during a relatively short period in the spring. Studies and accomplishments are
limited during that short time frame. Problems resuliing from weather, facilities, and other
factors can result in aborted research which cannot be repeated until the following year. Be-
cause of this, it is our view that determination of requisite physiological and environmental fac-
tors (such as hormonal stimulation, temperature, and photoperiod) and development of techni-
ques to effectively spawn Morore species to produce larvae on demand would be invaluable in
advancing research efforts in the overall culture of the genus. Development of such techniques,

coupled with improved intensive culture technology, would be highly advantageous to the
aquaculture industry.

Rapid and effective disease diagnosis and control remain a high priority research area.
Effects of diseases and parasites can range from minor losses to decimation of cultured fish; yet,
treatments that are effective and legally registered are almost totally lacking. Most treatments
that have been used successfully in the past, and which were recommended in Guidelines for
Striped Bass Culture (Bonn et al. 1976), can no longer be used because of potential human health
concerns. A major thrust must be made to identify and register therapeutants that are effective,
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safe, and economical. Much of this responsibility lies principally within the domain of univer-
sities and state and federal agencies.

Methods to increase productivity need to be addressed. If fingerling production is to be
increased in pond culture, two requirements must be met — a sufficient supply of acceptable
food must be provided; and high quality water must be maintained. Stra tegies need to be de-
veloped to manipulate environmental conditions to favor preduction of the more desirable
zooplankton species and reduce production of the less desirable species. Concomitant with the
use of improved techniques designed to maintain acceptable dissolved oxygen and other water
quality variables (such as aeration), it may be possible to substantially improve production.

As more agencies acquire "new generation” ponds, complete with plastic liners, it will be
necessary to develop new fertilization strategies or to modify existing ones to more effectively
utilize the new structures. In essence, a mesocosm approach must be developed because
biological, physical, and chemical characteristics all have integral roles in evolution of
ecosystems, and each production pond is a small ecosystem.

Progress has been made in intensive culture techniques for larval striped bass based on
the original work of Nicholson (1973) and Lewis et al. {1981). However, serious problems
remain and, at present, only a few facilities have been successful in producing significant num-
bers of striped bass fingerlings in intensive culture facilities. Survival is normally less than 10%,
compared to means of 30-50% in pond rearing systems, and the intensive rearing systems are
expensive to build and operate, complex, and highly labor intensive. If intensive culture is to
play a major role in Morone culture, we must more accurately define the various physiclogical
and environmental requirements of the larvae.

Careful examination of factors such as water quality, design of rearing units, nutrition,
cannibalism, and conditions necessary for swim bladder inflation are needed to improve pro-
duction levels. A critical stage in development occurs during transition (metamorphosis) from
postlarvae to juveniles, concurrent with converting larvae from a live natural food (such as
brine shrimp) to an artificial diet, and large numbers often die during this period. Lewis et al.
(1981) suggested that high mortality results from inadequate nutrition and failure of some post-
larvae to convert to the artificial diet.

Paramount to furthering culture success of striped bass and hybrids is research on nutri-
tional requirements which ultimately leads to development of optimum diets for each life stage
of the fish under differing culture conditions (intensive and extensive, tank and pond). Trout
and salmon diets are often used successfully for fingerlings throu gh adults, but these may be
suboptimal or uneconomical for Morone species. These diets can result in large quantities of vis-
ceral fat, and feed conversion ratios tend to range from 1.8-2.5 or higher. More optimal diets
could result in healthier, more stress-resistant fish, and better food utilization.

Stress and interactions between stress and other factors such as nutrition and disease,
continue to be a significant factor in culture, handling, and transport of Morone. Research is
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needed to better understand the physio!ogical basis of stress and to d_ev..'eiop methods to more
effectively alleviate it. Examples include studies of the effect§ of n}Jtntlonal fa.ctors on the mag-
nitude of the stress response, and investigations designed to identify anesthetics, which canbe
registered, that are more effective in mitigating stress.

Determination of the mechanism of gas bladder inflation in larval striped bass is a high
priority research area. Although not conclusively demonstrated, it appears that larvae sub-
jected to intensive culture systems during the first 10-12 days of life may be more likely to have
lower percentages of bladder inflation than larvae that are stocked in ponds at 4-5 days of age.
Optimal conditions for air bladder inflation of larvae held in intensive systems must be
determined and culture facilities and techniques designed accordingly.

Quality of sex products is continually a factor of concem. Low egg and semen quality
are problems that occur without explanation in some hatcheries at various times. With present
technology, egg quality cannot be predicted until cell division begins and fertilization percent-
ages are determined. As a result, semen that may be available in limited quantities is frequently
used on low quality eggs. Similarly, low quality semen may often be used on high quality eggs
because of the inability to determine sperm quality prior to fertilization. Experience has shown
that motility alone is not a good criterion for assessment of sperm quality. Development of
methodology to accurately assess gamete quality prior to fertilization would greatly improve
fry production and conserve high quality gametes.

Additionally, various types of aberrations in development of eggs or larvae occur that
have gone unexplained. For example, eggs with high fertilization rates sometimes havea
fragile, brittle chorion that burst at the slightest pressure. Prolarvae that survive to hatch from
these eggs appear normal, but some doubt must remain about the probability of their long-term
survival. Other abnormalities, such as detachment of oil globules or developing cells from the
yolk and multiple oil droplets (resulting from failure to fully coalesce), are sometimes seen. Be-
cause these phenomena appear to be associated with eggs from specific females, it is unlikely
that they result from conditions in the hatchery. Whether such conditions are genetic or are the
rE:SUItS of di.sea-se, pollutants, or other factors is unknown. Research in these areas is needed
with the objective of determining the causes and alleviating the conditions causing them.

s oﬁe?a;.cpﬁec::ﬂets sometimes have difficuity in obtaining an adequate supply of ripe males, and

N bridizat'l » to obtain males and females of different species at appropriate times for

b:ss : ern.llos; erby (1'933) SUOC&S.?quy developed techniques for cryopreservation of striped

scale )lrjielded . :sf:lft);}:ehanmental bas'ls, but‘further work to refine the methods on a production

tice (Rerbv and t were too inconsistent to be recommended as standard hatchery prac-
erby and Bodolus 1988). New research initiatives need to be undertaken to develop or

) T MO Ol‘le 5 i i

Research needs to addres: .
S genetic consi i in <i : :
for commercial and recreational pg nsiderations in situations when fish are produced

ut-and-take fisheries. Conservation genetics of natural popu-
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lations has only recently been recognized in fisheries management. Simple steps to maintain
genetic integrity of wild stocks must be considered and implemented at the state level.

Classical selection procedures and genetic manipulation techniques such as hybridiza-
tion, backcrossing and outcrossing, and triploid induction can elicit increased hardiness and
other desirable characteristics such as disease resistance, tolerance of various stressors, and
tolerance to varying culture conditions. As gene insertion techniques become more feasible,
they should also be examined as tools for enhancing characteristics desirable in fish cultured for
specific purposes.

Research in these and other areas of concern requires continuity and a long term com-
mitment to funding, facilities, and manpower. If these requirements are met, progress will be
rapid and the future for increasingly enhanced culture of Morone is bright.

The Future and Direction of Commercial Aquaculture

Recently, substantial progress has been achieved in the development of commercial cul-
ture techniques and culture systems for the production of striped bass and its hybrids as food
fish (Kerby et al. 1983a,b, 1987a; Woods et al. 1983, 1985a; Kerby 1986; Huish et al. 1987; Hodson
et al. 1987; Smith 1988, 1989, 1990; Smith et al. 1989). As a result, a small commercial industry
has developed which is expected to expand (Smith 1989). At present, there are commercial food
fish pond operations in South Carolina, North Carolina, Virginia, Maryland, Louisiana, Texas,
Mississippi, and Pennsylvania. Likewise, there is a commercial operation in California which
has demonstrated the feasibility of using geothermal water to grow fish in intensive tank rear-
ing systems. About 600,000 pounds were produced in this system in 1989, and substantial in-
creases are expected in the future (Van Olst and Carlberg 1990). Several other ventures are also
attempting large-scale commercial production of striped bass and hybrids in intensive systems.
After the basic biological requirements of these fish are determined, including nutrition and
disease control, such systems are expected to become increasingly important. However, in the
near-term, pond culture systems will probably be the preferred approach because lower inijtial
investment capital and less technical skill is required. Further, there is reduced risk of
catastrophic losses, and these systems can be easily integrated with existing agricultural opera-
tions. [ndeed, pond culture operations are currently being established, or are planned, in most
of the southeastern United States where climate permits preduction of marketable fish in about

two years.

In spite of the commercial interests, there are a number of issues which must be resolved
for large-scale development to proceed. A basic requirement of any aquaculture industry is a
dependable supply of affordable seed stock. This has not yet been accomplished for the striped
bass and hybrid bass industry, as brood stock are typically captured from public waters. This
dependency causes a number of concerns from private and public perspectives. Private
growers are subject to the vagaries of nature, and to some degree, man induced changes (en-
vironmental and political). Conversely, the public sector perceives the collection of wild fishes
for commercial development purposes as generally unacceptable. This attitude is expected to
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be expressed more vocally as recreational fishing pressures increa;e. Hoyever, production of
cultured brood stock and semi-domestication of wild brood stock is possible, and private

owers are now having some success in producing farm-reared brood stock (Smith and
Jenkins 1985, 1987, 1988a,b; Smith 1988; Woods et al. 1990; T. M. Freeze, Keo Fish Farm, In-
corporated, personal communication). The problem of brood stock acquisition and production
of affordable seed stock is expected to be resolved within the next 5-10 years.

Striped bass and hybrid striped bass are classified as game fish in most states, which
results in a number of legal restrictions on their culture and sale. Restrictions are often based
on concerns of resource managers and law enforcement officers that wild fishes will be illicitly
taken and marketed under the guise of a cultured product. Although this possibility does exist,
it is not likely to occur often because culturists must provide uniform, quality products that are
aesthetically pleasing. To maintain high quality, cultured fish are usually alive or freshly iced
on delivery. Wild-caught fish seldom provide this quality.

Poaching of natural resources has always been a problem that receives public attention.
In most cases, poaching is controlied by the vigilance of law enforcement agencies, coupled
with laws which reduce the economic attractiveness of such activities.

Recent studies, conducted as part of a cooperative project of the National Marine
Fisheries Service and the State of South Carolina, indicate that biochemical techniques can dis-
tinguish between wild and cultured fish, and can also identify specific species (Jahncke etal.
1989, 1990). Such techniques are expected to become increasingly important in the protection
and conservation of natural resources and should help to guide establishment of laws and

regulations conducive to commercial culture and marketing efforts, while protecting public
resources.

Striped bass and hybrid striped bass have been marketed primarily to white tablecloth
ref;taurants which are willing to pay premium prices for this aquaculture product. However,
with the recenf opening of the Maryland markets, the wholesale market for small fish (1-2
pound range) is now available. It is expected that as production increases, and current markets

become satiated, the market price will decline or stabilize, so it is imperative that product devel-
opment and new market testing activities be initiated.

striped I;:sds agiig;; zenﬁ;slhelf-hfe storage studies have been conducted on cultured hybrid

days for headed ancis ttt;tds ]l:a d high freshness retention for about 5 days as compared to 10

retained their inital fn he brids Jahncke et al. 1988). When frozen properly, skinless fillets

and gutted prod vor characteristics for approximately 4-6 months, whereas the headed
gutted product remained in excellent quality for at least 10 months {Jahncke 1989).

E .
consumer apee Gpnomarketing research detmonstrated that these fish extibited excellent
pe: }. Retail marketing tests in Florida revealed these fish would be
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the preferred fish purchase by housewives (Drda et al. 1985). Expansion into new markets is
likely to occur when dependable supplies of high quality product are available.

As with any new industry, there will be many opportunities to increase efficiency and
reduce operational costs through research. Proprietary advantage will be the incentive to con-
duct private research; however, research is often costly and time consuming, so it is usually
sponsored and conducted in academic and government institutions. It is essential that identifi-
cation of research priorities and directions be determined jointly by public and private sectors
to insure that priority issues are addressed. It is imperative, from an industry-development per-
spective, that industry drive research and not the reverse, and if this is to be the case, then in-
dustry must be willing to pay its share.

Commercial culture offers a number of benefits to society and should be accepted by
natural resource agencies as a respectable industry. Both have common interests to maintain
high water quality standards and healthy wild fish populations. This is especially important to
culturists as they currently rely on the natural environment for at least part of their business op-
erations. On a national level, commercial operations have the potential to supply wholesome
fishery products to a country that imports about 70% of such products, and can thereby reduce
a major trade imbalance. Cultured fish can be, and have been, used to stock private and public
waters to enhance recreational fisheries. They can also be used to establish fee fishing opera-
tions, which may provide recreational fishing opportunities to areas currently without such op-
portunities as well as relieve fishing pressure on current public fisheries.

In summary, culture operations focused on the striped bass and its hybrids are expected
to expand substantially and to become the basis of an important new commercial industry dur-
ing the next 25 years. With the establishment of this industry will come increased opportunity
for enhancement of public resources and economic gain. In the process, a number of research
areas will be addressed which will directly benefit both public and private culture operations.



