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Introduction

The spotted seatrout (Cvnoscion nebulosusl is an important
commercial and recreational species throughout the northern Gulf ofMexico
and particularly in Louisiana. Because of the value ofspotted seatrout to
recreational and commercial fisheries, concern over thecontinued abundance
of this species has become an important and controversial issue. Currently,
the Louisiana recreational possession and catch limit for spotted seatrout is
25 per day with a minimum total length of 12". The commercial fishery is
regulated by an annual quota of 1.25 million pounds and a size limit of 14"
minimum total length (J. Shepard, pers. comm.). Debate continues between
user groups with regard to the allocation ofthe resource and fishing quotas,
and there is continuing interest in closing the commercial fishery by legislating
gamefish status for spotted seatrout in Louisiana.

No comprehensive studies of the population dynamics of spotted
seatrout in Louisiana have been undertaken, although numerous investigators
have studied aspects of the species' life history in various locations in the
northern Gulf of Mexico (eg. Arnoldi, 1982, 1984, 1985; Fontenot and
Rogillio, 1970; Hein and Shepard, 1979). However, information derived from
these studies may not be generally applicable throughout the range of spotted
seatrout in the region (Overstreet, 1983; Iversen and Tabb, 1962; Perret, 1971;
Weinstein and Yerger, 1976). Effective management ofspotted seatrout and
other fishery resources depends, in part, on yield-per-recruit estimates from
accurate life history information (Merriner, 1980; Perret et al., 1980). Using
sagittal otoliths for ageing, we described population dynamics of spotted
seatrout in Louisiana waters, with particular emphasis on mortality and
yield-per-recruit analysis.

Materials and Methods

Spotted seatrout (N = 2,146) were collected monthly between April,
1986 and June, 1988 from three sources: Louisiana Department of Wildlife
and Fisheries' (LDWF) FinfishSampling Program (N=1,451); the commercial
gill net fishery (N=434); and the recreational hook-and-line fishery (N=261)
(Wieting, 1989).
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Fish were aged by viewing thin sectionsof sagittae otoliths using the
methods of Beckman et al. (1988). We validated annulus formation by the
marginal increment method (Beamish and McFarlane, 1983). Otolith
measurements (N = 1,319) were used to back-calculate length at annulus
formation using the method of Whitney and Carlander (1956). Mean
back-calculated lengths at age for males and females were then fit by the
Beverton and Holt method (Ricker, 1975) to a von Bertalanffy growth
equation (Ricker, 1975). These parameters were fit by a nonlinear version of
the von Bertalanffy growth equation to obtain final growth parameter
estimates of Linf, K, and t0. The relationship between whole weight and
total length was calculated and possible differences between sexes were tested
by analysis of covariance (ANCOVA) (SAS Institute, 1985). Differences in
the relationship of body length to otolith radius between sexes were also
tested by ANCOVA (SAS Institute, 1985). Mortality and yield-per-recruit
analysis were estimated from fishery-independent age-frequency data
(N=1,110). Mortality rates were estimated from catch curve analysisand the
Robson and Chapman combined estimates of survival method (Robson and
Chapman, 1961). A Beverton and Holt yield-per-recruit equation (Ricker,
1975) was computed separately by sex, with sex-specific growth parameter
estimates from the von Bertalanffy growth equations.

Estimated natural mortality was obtained from Pauly's equation
(1979) and subtracted from the instantaneous rate of mortality to calculate
fishing mortality rates. We varied values for rate of fishing (F) and age at
recruitment (R) separately to determine consequent changes in
yield-per-recruit for each sex.

Results

Marginal increment analysis indicated that fast growth occurred from
June-November with an opaque zone or annulus forming at the margin of the
otolith from December throughApril (Wieting, 1989). There was a significant
difference in the weight-length equations of male and female spotted seatrout
(P<0.0001), females being significantly larger than males (P<0.0001). Body
length was positively correlated with otolith radius for both sexes (females:
R2=0.74, males: R2=0.55, P< 0.0001). There was a significant difference in
body length- otolith radius equations between males and females (P<0.0001).

Because of sex-specific age and otolith growth differences, von
Bertalanffy growth equations were fit separately for each sex:

Males: Lt = 527 (1-e -339<t+-53))

Females: Lt = 605 (l-e-4650-03*).

Annual survival (S) and total instantaneous rate of mortality (Z) were
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estimated for each sex:

males S=0.15, Z= 1.9;

females S=0.12, Z=2.12.

Subtracting estimated natural mortality (0.22) from sex-specific
mortality, Z, we estimated spotted seatrout fishing mortality rates of 1.90 for
females and 1.67 for males. Under these fishing mortality rates, the maximum
yield-per-recruit for males was at age 43 (431 mm TL) and a fishing rate of
1.0. For females, the corresponding maximum yield-per-recruit was at age 4.0
(509 mm TL) and a fishing rate of 1.2.

Discussion

Louisiana spotted seatrout exhibit significant sex-specific differences
in growth and mortality rates which result in differences in yield-per-recruit.
This poses great difficulty when the objective of fishery managers is to
optimize fishery biomass. Selectingan optimum fishing rate or size restriction
for combined genders does not address the existence of sex-specific growth
and mortality rates.

What are the reasons for sex-specific differences in spotted seatrout
life histories? Part of the answer may be that males reach maturity earlier in
life, size, and season than do females. During the spawning season, male
sciaenids aggregate in suitable spawning habitat (Mok and Gilmore, 1983) to
attract females in spawning conditionby making drumming sounds, a regular
evening activity which requires substantial amounts of time and energy,
reducing the amount of time males can spend on foraging. In contrast,
females probably only spend time on the spawning grounds when they are
ready to spawn, an average of once every 21 days (Tucker and Faulkner, 1987;
Brown-Petersen et al., 1988). This difference in reproductive strategies may
remove the males from the best feeding grounds, may result in slower growth
throughout their reproductive lives, and may account for their smaller size at
age.

Combined gender equations, often used in the literature to describe
spotted seatrout weight-length relationships, may not be accurate because of
gender-specificgrowth rates. The back- calculatedlengths at age and growth
rates in this study were greater than those found in most other studies of
spotted seatrout in the Gulf of Mexico (Wieting, 1989). This may be the
result of a number of factors: 1) most previous studies used scales for age
analysis, leading to inaccurate age and growth estimates (Chilton and
Beamish, 1982); 2) sampling in this study may not have accurately reflected
growth of older, rarer age classes (i.e., ages > 3 for males and 4 for females);
and 3) spotted seatrout may exhibit different growth rates at different life
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stages and a single equation for all age classes maybe biased.

Studies of mortality andgrowth areessential to the assessment of the
effects of fishing effort on yield-per-recruit. For fisheries managers, the
yield-per-recruit curve is useful in estimating the limits of allowable fishing
pressure to identify maximum biomass and production (Ricker, 1975; Condrey
et al., 1985). Sex-specific yield-per-recruit estimates from this study indicate
that maximum yield-per-recruit would be achieved by reducing the fishing
mortality rate toward 1.0 for male and 1.2 for female Louisiana spotted
seatrout. Maximum yield-per-recruit at current fishing mortality rates for
males is at 4.5 years (431 mm, 17inches TL) and for females is at 4.0 years
(509 mm, 20 inches TL).

If minimum size limit restrictions are not sensitive to population sex
ratios and age-class reproductive potential, and if the population is also
subject to recruitment over-fishing, the population age structure could be
altered, with long-term effects onthe population. Spotted seatrout are highly
fecund and their fecundity increases significantly with length and age, with
maximum oocyte production at ages 3 and 4 (Wieting, 1989). Other studies
from the Gulf of Mexico also suggest greatest potential fecundity at age 3,
followed by ages 2 and4 (Pearson, 1929; Tabb, 1961; Sundararaj andSuttkus,
1962; Arnoldi, 1982; Ovcrstreet, 1983). Under the current recreational and
commercial minimum size restrictions of 12 inches (305 mm) and 14 inches
(356 mm), females enterthe fisheries at 13 years and twoyears, respectively,
and may not reach their reproductive potential, which doesnot occur before
age 3 (18 inches, 453 mm) TL. Fisheries managers seeking to increase the
yield-per-recruit of the fishery for females, could increase the minimum size
limit toward 20inches (509 mm) TL. Thiswould allow more females to reach
reproductive potential and maximize the yield-per-recruit of females at the
current rate of fishing (1.67); however, it would also virtually eliminate the
harvest of males.

Sex-specific differences in age andgrowth mayhavea profound effect
on mortality rates and yield-per-recruit. Mortality estimates weredetermined
from experimental gill nets composed of five panels, with barmeshes ranging
from 2-6 inches in 1" increments. If growth is rapid early in life, mortality
estimates of ages 2 and 3 may be biased when sampling with panels of 1"
increments. Since 1988, the LDWF hasbeen conducting experimental gillnet
surveys withadditional 0.5" mesh sizes added to the gillnet panels. Ongoing
studies of mortality rates from these age composition data (Thomas Helser,
Louisiana State University, personal comm.) may give better mortality
estimates.

In 1986 and 1987, the Louisiana Legislature enacted fishing
regulations which changed the commercial minimum size limit for spotted
seatrout from 12" (305 mmTL) to 14" (356 mmTL) and set the recreational
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minimum sizelimit at 12" (305 mm TL). In this study, it was not possible to
examine fishery-independent mortality estimates for 1986 and 1987 separately,
due to insufficient sample sizes for older age classes. The changes in
minimum size restrictions for the recreational and commercial fisheries from
1986 and 1987 may have affected the fishery-independent mortality rates
estimated from those years combined. These uncertainties must be taken into
consideration when evaluating fishery-independent mortality rates and
subsequent yield-per-recruit equations for male and female spottedseatrout
in Louisiana waters.

Although sex-specific management of the spotted seatrout fishery is
ideal, in practice it is difficult to achieve because of the inability to distinguish
males and females in the field and because the necessary data needed to
detect real differences in natural and fishing mortality between males and
females are not available. The most conservative approach would be to
manage the spottedseatrout fishery for maximumyield-per-recruit of females.
From this analysis, this approach would effectively eliminate male spotted
seatrout from the fishery, butwould provide for maximum reproductive output
and yield-per-recruit of females. Such aminimum size restrictive management
schememaymaximizeyield-per-recruit andmaintain favorable fish population
dynamics and production, but would most likely not maintain the level of
benefits, such as quality of fishing, in proportion to the productivity of the
system (Brousseau andArmstrong, 1987). However, anglers canstillenjoythe
quality of fishing, including catching more than the current limitof 25 fish, by
releasing most of their fish, including all undersize individuals.
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Can Shrimp Release Programs be an Effective Fishery Management Tool?

Jurij Homziak
Mississippi State University

Abstract

Most shrimp populations are being exploited at or near maximum
capacity. Because there are no new shrimp populations to exploit, current
management objectives focus on methods by which declining stocks can be
conserved orrestored. One approach, modeled on trout and salmon hatchery
programs, is to propagate shrimp for release. This approach has been recently
attempted in the marine environment with scallops, abalone, redfish, and
shrimp. A review ofshrimp propagation and release programs in Kuwait, Italy,
theU.S., and two separate programs in Japan suggest that certain factors must
be present before such programs can be successful. Successful restocking
programs share the following characteristics: enclosed waters; low predator
abundance; small and discrete shrimp populations; established hatchery
procedures and facilities; adequate fishery and ecological data; clearly defined
ownership of fishery stocks; and favorable economics. The latter isa product
of high market price for theshrimp, low fishing costs, and publicly subsidized
hatchery production of seed. These conditions do not exist for the northern
Gulf of Mexico shrimp fishery. Shrimp propagation and release programs do
not appear tobe an economically feasible management option for this fishery.
Emphasis and resources would be better directed towards preservation and
creation of critical wetland nursery habitat.

Introduction

Most shrimp populations are exploited atornear maximum capacity.
Because there are no new populations to exploit, current management
objectives focus on methods by which declining fisheries stocks can be
conserved orrestored (U.S. Department of Commerce, 1988). There are two
approaches tothis objective. The first is the propagation and release program
modeled on trout and salmon hatchery programs. This approach has been
recently attempted in the marine environment with molluscs (Tong et al.,
1987; Malouf, 1989), redfish (Gulf of Mexico Fishery Management Council,
1984), and in various areas of the world with shrimp (Farmer, 1981). The
second approach involves the preservation and expansion of inshore nursery
habitats. These habitats are critical to the development and growth ofshrimp
during their complex life cycle. Without such habitats, the exploited
populations cannot be sustained (Turner, 1977; Bielsa et al., 1983; Lassuy,
1983; Muncy, 1984).

Both approaches depend on recent advances in technology. Because
of developments in maturation, spawning, and hatchery techniques, it is
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possible to consider and implement hatchery-based release programs for
shrimp. Hatcheries can theoretically produce tens to hundreds of millions of
shrimp post-larvae per year (Lawrence and Huner, 1987) at costs of $10.00
per thousand or less in the U.S. (Johns et al., 1981), Latin America (Griffin
et al., 1985), Japan (Kurata, 1981), and Asia (Hirasawa, 1985).

Knowledge of the structure and function of estuarine and coastal
wetlands as shrimp nursery areas has also advanced rapidly in recent years
(e.g. Turner, 1977; Weinstein, 1979; Mincllo et al., 1989). New techniques for
the creation and restoration of wetlands (e.g. Zedler, 1984) and submerged
aquatic vegetated habitats (e.g. Fredette et al., 1985), have also been
developed. These findings have led to better management of these critical
areas to the benefit of shrimpand other fisheries. Both approaches have the
same objective, to maintain or increase the stock of sub-adult shrimp and,
therefore, the catch of adult shrimp in a commercial fishery.

There have been efforts to implement propagation and release
programs for shrimp in various areas. However, information on the success
of these programs has notbeen readily available. Because ofrecurring interest
in developing a shrimp propagation and stocking program for the northern
Gulfof Mexico, this paper will review past stocking programs anddiscuss how
such propagation programs would apply as management options in the
northern Gulfof Mexico. Emphasis will be on identifying the factors essential
for the development of successful stocking programs.

The Japanese Experience: The Seto Inland Sea Program

TheSeto Inland Sea shrimp release program istheoldest and largest
program of its kind in the world. Doi (1981) and Kurata (1981) review the
program in considerable detail. While critics of the program question its
effectiveness and cost-benefit calculations, the program illustrates the
components essential to the development of a successful stocking program.

The SetoSea isa semi-enclosed body of water that supports a fishery
for Penaeus iaponicus (Kuruma shrimp). A large proportion of the shrimp
population is resident in the Seto Sea. Market demand for fresh, live Kuruma
shrimp is strong and the species commands high prices. Because of the
importance of this fishery, data on Penaeus iaponicus stocks, including
complete information on life cycle, growth, population size, movement,
ecological requirements of all life stages, and other factors was available.
Because this species is also produced through aquaculture, hatchery
technology for P. iaponicus was fully developed. Perhaps most important,
research had identified that the greatest mortality occurred in the period
between hatching and the twentieth day of post-larval development. The
minimum size for release necessary to avoid the peak mortality period was
determined to be about 3 cm.Thissuggested a nursery program whereshrimp
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could be reared to the appropriate size prior to release.

Based on this information, fisheries managers initiated a propagation
and release program that would duplicate thenatural life cycle of the shrimp
but would limit the mortality of the larval shrimp traveling between the
spawning grounds and their estuarine habitat. Optimal habitat requirements
for the released juvenile shrimp weredetermined and survival was found to
be best on the upper parts of coarse-grained beaches.

Field surveys determined thatgood natural sites for shrimp nurseries
were very limited in the Seto Sea. The solution was to create artificial habitats
of two mam types (Kurata, 1981). The first uses nets to exclude predator fish
from release areas and to contain the juvenile shrimp. However, damage to
nets, fouling, and other problems limit their use. The preferred approach is
to use artificial tidelands (Kurata, 1981). Artificial tidelands are designed to
closely control elevation, water depths, waves, currents, sediment type, and
other physical factors.The tidelands mimic the different natural micro-habitats
required by the shrimp as they grow from post larvae through their juvenile
stages, utilizing differences in habitat requirements between shrimp size
classes to allow increased stocking densities and between the shrimp andtheir
predators to control predation. When correctly designed, post- larval shrimp
stocked into the tidelands at ten mm grow to 3 cm. in about 2-3 weeks and
successfully migrate to the open sea. Approximately 150 million hatchery
produced post-larval shrimp are stocked into these tidelands annually (Kurata,
1981).

It has been difficult to determine the effectiveness of this program.
Tagging of juvenile shrimp is ineffective. An indirect method is to trace a
released cohort in the wild population as a distinct bulge in the population
size-frequency distribution. Recovery rates of 33% to over8% of the released
larvae have been reported based on this method (Kurata, 1981) and
proponents of the program point to a turnaround in the declining shrimp
fishery in the Seto Sea (Kurata, 1981). Based on these observations, Kurata
(1981) claims a benefit over cost of 2.75 yen per shrimp caught in the Seto
Inland Sea fishery.

Critics of the program counter that there are no conclusive data on
the effectof this program on the fishery (Doi, 1981; Uno, 1985). Critics also
claim that even if the program were successful, the fishery is profitable only
because it sells live shrimp at greatly inflated prices. The cost-benefit
estimates of the program have also been questioned because the program
mustapparently operate at 100% efficiency to meet the suggested cost- benefit
ratios.

Kuwait
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In the 1970's, Kuwait experienced a declining catchof shrimp in the
Persian Gulf (Farmer, 1981). A shrimp propagation and release program,
based on the Japanese Seto Inland Sea model, was put into place in an
attempt to reverse the trend. Despite asignificant multiple effort, the program
was discontinued after over 120 million post-larval shrimp were released.
There were several reasons for this decision (Farmer, 1981).Perhaps the most
important was that the release program did not identify and address the
underlying causes of the decline in the shrimp fishery. The causes remain
unknown and the decline continues. The program was also hampered by the
lack of basic fishery statistics andinsufficient understanding of the population
biology of the target species. The program may also have been ineffective
because of the relatively large size and mobility of the shrimp stocks. The
propagation program appeared to produce too few shrimp inrelation to stock
size to be effective.

Marifarms

Marifarms of Florida attempted to farm shrimpthroughstockingand
management of shrimp in natural waters. Kittaka (1981) describes Marifarms'
operations in detail. Briefly, hatchery-produced post-larvae of all three
commercial Gulf shrimp species were released at appropriate times into
nctted-offportions of a coastal bay in northwestern Florida. Shrimp werealso
released into the open bay itself as part of the lease agreement.

Post-larval brownandwhiteshrimpCPenaeus aztecusand P.setifcrus)
were stocked in spring and early summer for fall harvest. Pink shrimp (P.
duoraruml post-larvae were released in late summer to over-winter for a
spring crop. Whilesurvival inthe initial stocking pens and in the nursery areas
was good, recovery of harvestable shrimp was very poor: 2-13% for whites and
0-10% for browns. Few pink shrimp were harvested. Problems with fouling of
the nets, escape of shrimp, weather damage, and inability to control predator
populations contributed to the failure of the operation, even after three full
years of effort.

The catch of white shrimp in the vicinity of Marifarms operations
reportedly increased during the life of the project. Up to 100,000 pounds of
white shrimp were landed in the bay after Marifarms started operations, up
from negligible harvests in prior years (Kittaka, 1981). This suggested that
both escaping shrimp and intentional releases of shrimp post-larvae
augmented natural stocks. However, any relationship between increased
harvests and shrimp releases has not been substantiated.

Italy

In contrast with the unsuccessful restocking efforts attempted in
Kuwait or the questionable results obtained al Marifarms and in the SetoSea
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program, Italy provides a success story. The local Mediterranean shrimp
species caught off the coast of Italy CP. kerathurus) had beenin decline for
many years. Since the opening ofthe Suez Canal, an exotic shrimp species (P.
japonicus) had become established in the eastern Mediterranean. Following
initial trials in the north in 1982 (see Lumare, 1984 and 1986; Lumare et al.,
1986), researchers in southern Italy stocked a12,000-acre lagoon in 1983 with
this exotic species. Three years of releases in this lagoon have resulted in a
recovery of 24-33% of the stocked numbers. Stocked shrimp exhibited
excellent growth in all years. Researchers calculated benefits exceeding costs
by over 6:1.

Because ofthis success, the effort has been expanded toother lagoons
along the Italian coast. Recovery rates of20-46% have been reported but wide
variations in lagoon configuration, salinity, temperature, and especially in fish
biomass have produced variable results. The most successful programs are in
lagoons that have restricted access to the sea and are fished by fishermen's
cooperatives who exclusively own the shrimp. The most important factor,
however, appears to be the absence of fish in the stocked lagoons. Because
the cost to benefit ratios in the new areas have been good (from 1:2.2 to 1:9)
and the returns of stocked shrimp are high (up to 46%), the program
continues to expand to new areas.

There were several critical factors contributing to the success of the
Italian stocking program. The stocked lagoons had limited access to the sea
and low fish densities. Resident shrimp populations in these lagoons were
small ornon-existent; the release shrimp contributed significant numbers of
recruits to the total population. The biology of the shrimp species was
relatively well known and data necessary for effective stock management,
including identification of suitable stocking areas, were available. A critical
component of the program was an efficient hatchery system for producing
inexpensive post-larval shrimp for the program.

Controlled production, synchronized with stocking needs, good larval
survival, and low unit costs for the hatchery contributed significantly to the
success of the stocking program. The cooperative approach used by the
fishermen to fish the stocked shrimp resolved apotentially thorny problem of
ownership. Clear ownership of the stock is required in order to have returns
defray the cost ofstocking and to direct the benefits to the target social group.
Finally, the costs to benefits ratio was positive because ofthe very high price
received for the shrimp in the local Italian markets.

Japan Revisited

In contrast with the high cost and controversial Seto Inland Sea
stocking program (Kurata, 1981), asuccessful program in acoastal lagoon in
eastern Japan deserves examination (see Uno, 1985). The lagoon issmall and
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is cooperatively fished by the resident villagers. The shrimp fishery was small,
landing only about 40 metric tons per year. The biology and ecology of the
shrimp species (P. japonicusl are very well known. The lagoon population is
particularlyamenable to management by a restocking program because a large
part of the population does not migrate away from the lagoon or the
immediate offshore waters. Over 17 million post-larval shrimp have been
released by the prefectural government between 1978 and 1983.

Analysis of fishery data indicate that most of the released shrimp
overwinter within the lagoon and contribute to the next year's fishery. Yields
from the shrimp fishery after the start of the stocking program improved by
a factor of over 2.4. Landings rose from about 40 metric tons to over 100
metric tons per year. The limited area to be fished, small shrimp population,
andgood fisheries datacontributedsignificantly to the successof the program.
With state funding of hatcheries, inexpensive post-larvae, clear ownership of
the stock by the villagers, and good market prices for the product, the success
of the program was assured.

Factors for Successful Stocking Programs

Any shrimp stocking program depends on a number of important
considerations (Doi, 1981; Kurata, 1981; Sander, 1981). The technology for
hatchery production of post-larval shrimp must be well established. The
knowledge of the life cycle of the shrimp in relation to the fishery for the
animal must be complete. To be successful, artificial propagation programs
must have access to usable estimates of length, weight, and growth
relationships. Further, estimatesof population parameters includingmortality,
reproduction, dispersion of the stocks, and other factors must be available.
The relation of mortality to physical, chemical, and biological conditions must
also be known. Finally, the habitat requirements or ecologyof each life stage
must also be fairly well understood. This demand for information is not
excessive. Indeed, any meaningful fisheries management effort requires this
information (Doi, 1981; Sander, 1981).

Any stock enhancement program must also have a measure by which
the success of such a program can be determined. A propagation and release
program can be considered successful if the number released form a
significant proportion of the adult fishery (Doi, 1981). As a result, release
programs work best with small populations, where a contribution of several
percent to the existingstock from a propagation and release program can be
both economical and biologically effective. Because of their effectiveness with
small populations, propagation and release programs are particularly useful
in lagoon or enclosed sea fisheries. To increase effectiveness, predation on
newlyreleasedshrimp must be minimizedby usingnurseryareas and stocking
into netted-off areas from which predators have been removed or into areas
with low predator abundance.
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Social and economic considerations are at least as important as
biological and physical factors to the success of stocking programs. Cost of
production of stocking material must be reasonable, in keeping with the
market valueof shrimpcapturedin the fishery. Hatchery productionmust also
be timely and consistent.

Decisions regarding program funding and program goals (who the
beneficiaries of such a program will be and how the flow of benefits is
guaranteed) are essential for program success. Costly hatchery programs
require continued government support. Benefits to local economies must be
great enough to justify continued government funding to benefit the private
sector. Exclusive access to orownership of the stockmust be clearly identified
to prevent legal conflicts and to ensure the economic and social success of the
progam. Controls should be in place to restrict additional fishermen from
entering the fishery and diluting the economic benefitsof the stocking effort
to the target fishing community.

It is interesting to note that shrimp stocking programs for fishery
enhancement have been tried in a kingdom (Kuwait) and in countries (Italy,
Japan) where local authorities are powerful and capable of acting
autonomously.

Application to the Northern Gulf of Mexico Fishery

Basedon the experiences andresults of stockingprograms worldwide,
a shrimp stocking program in the northern Gulf of Mexico does not appear
to be feasible. A number of basic elements are lacking. Shrimp populations
in the Gulf of Mexico are large, relatively mobile, and do not generally
overwinter in embaymcnts orcoastal sounds (Bielsa et al., 1983; Lassuy, 1983;
Muncy, 1984; Gitschlag 1986). There does not appear to be any close
association between specific shrimp populations and water bodies. While
hatchery technology for all Gulf shrimp species has been developed
(Primavera, 1985), hatchery production of shrimp post-larvae in the U.S.
remains inconsistent and uneconomical (Chamberlain, 1990). The economics
of stocking programs are also unfavorable because thevalue of Gulfshrimp
is relatively low (Roberts, 1989) while the cost of producing post-larvae
remains high (Griffin et al., 1985).

Social conditions appear unfavorable as well. There is little local or
federal government support available for costly hatchery operations,
particularly to support private fishermen. Entry to the shrimp fishery is
unlimited and the industry is heavily over-capitalized (Roberts, 1989). Any
significant increase in stocks would attract more fishermen and would not
improve the financial condition of existing fishermen.

The key to maintaining and increasing stocks of shrimp is habitat
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preservation. Evidence suggests that this is a less costly and more effective
approachthan a propagation and releaseprogram. The importance of marshes
and submerged aquatic vegetation to the shrimp fishery are well established
(e.g. Turner, 1977; Weinstein, 1979; Laussey, 1983; Muncy, 1984; Minello et
al., 1989).These areasserve as nurseries, providingshelter from predators and
important sources of food for juvenile shrimp. The Japanese found losses of
nursery areas closely related to the decline of the shrimp fishery (Doi, 1981;
Uno, 1984). Similarly, there are significant negative correlations between
landfilling of wetlandsanddeclining shrimpyields. In the U.S., Turner (1977)
found total shrimp yields in Louisiana to be proportional to total marsh
acreage in the state. On a larger scale, shrimp yields in the northernGulf of
Mexico were proportional to the combined area of submerged aquatic
vegetation and marshlands. Finally, decreases in intertidal habitat flooded in
springtides correlated closelywith declines in the size and total abundanceof
shrimp (Turner, 1977).

It is more effective and less costly to preserve wetlands and
submergedvegetatednurseryhabitats than to implement a hatcheryand stock
enhancement program (Uno, 1985). Avoiding indiscriminate development to
protect nursery areas is of greater overall benefit to enhancing shrimp
populations than any hatchery and release program. Experience has shown
that stockingprograms areexpensive to startup, proneto technical problems,
costlyto operate, and require extensive data basesand monitoring efforts to
ensure success. Protecting, restoring, or even creating needed submerged
aquatic vegetation and marshhabitat is the most promising approach to stock
augmentation of shrimp in the Gulf of Mexico.
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Introduction

The Texas General Land Office (GLO), in conjunction with Texas
A&M University, the Texas A&M Sea Grant College Program, and
Matagorda County Navigation District #1, is planning the Texas Coastal
Aquaculture Facility (TCAF). At this facility, production technology for a
variety of aquatic species will be developed, refined, and transferred to the
aquaculture industry. TCAFwill be managed by the Texas A&M Umversity
System with guidance from a program committee. This committee will
include representatives of the Aquaculture Executive Committee (chairman,
Texas Parks and Wildlife Department; commissioner, Texas General Land
Office; commissioner, Texas Department of Agriculture), the Matagorda
CountyNavigation District #1, and the TCAFs proposed Industrial Advisory
Committee.A primary objective of the TCAF is to initiate more research and
development on practical aquaculture production techniques. As the industry
matures, TCAF intends to effectively meet the industry needs. A secondary
purpose of the TCAF will be to evaluate environmental consequences of
aquacultural production. This is especially important for any aquaculture
development in sensitive coastal areas. Topics of particular concern are:
development of screening systems to reduce impact of intake/pumping
operations on planktonic estuarine organisms; water quality of aquaculture
effluents; evaluation of exotic species; and development of water conservation
practices for aquaculture facilities.

Background

Several economic, health, and natural resource issues are driving the
Texas aquaculture industry. The world's rising demand for fishery products
is rapidly exceeding the supply. U.S. consumption of seafood and seafood
products rose in 1988 to 19.8 pounds per capita. Only 1.5 pounds, or 7.6
percent, of this demand was met bydomestic aquaculture. In 1988, the U.S.
imported $8.9billionof edible and inediblefishery products. This approaches
a 4:1 negative national trade deficit for fishery products, making the U.S.
second only to Japan as fishery products importer. Fishery products are
second only to petrochemicals as non-manufacturing contributors to the U.S.
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foreign trade deficit. Aquacultureis the fastest growing agricultural industry
in the U.S., with production increasing more than 20% annually in this
decade. Only 1% of the U.S. fishery supply was produced by aquaculture in
1970, increasing to 7% by 1987. The total value of U.S. edible and inedible
aquaculture productswas $750 millionin 1988. Key U.S. aquaculture species
include catfish, crawfish, salmon, trout, tilapia, shrimp, baitfish, tropical fish,
mussels, oysters, and clams. Other species showing potential are alligator,
hybrid striped bass, carp, eel, red drum, northern pike, and sturgeon. Texas'
natural resources, including soils, water, available land, and climate, all
indicate strong potential for a viable aquaculture industry. The TCAFs
mission of balancing production technology development with strong
environmental concern should assist responsible industrygrowth.

Current Situation

Aquaculture is playing a steadily increasing role in world seafood
production due to increasing demand for fishery products, limited capacity of
traditional capture fisheries, and advancement in aquaculture technology.
Currently, Texas has a limited role in the aquaculture industry. Estimated
1989 farm gate value of the Texas aquaculture industry was approximately
$12.2 million. However, theTexasaquaculture industry is stillsmallcompared
to other southern states. Mississippi's farm gate value exceeds $300 million
annually, and Louisiana and Arkansas are approaching $100 million each.
This disparity exists in spite of the fact that the growing season in Texas is
approximately 60 days longer than in Mississippi. Texas aquaculture is
characterized by small, family-oriented farms which distribute through local
markets. Constraints on industry growth anddevelopment include: restrictive
regulatory climate; lack of commercial infrastructure; and lack of research,
technology, and technologytransfer facilities.

Today, Texas aquaculture is at a critical crossroad. Although the
industry isina rudimentary stage of development, circumstances arenowright
for the emergence of aquaculture asa major component of Texas agriculture.
The proposed Texas Coastal Aquaculture Facility could help trigger this
metamorphosis. The TCAF will address the third majorhindrance to Texas
aquaculture development-^ lack of facilities for applied research,
demonstration, andtechnology transfer. Lack of these facilities deprives Texas
producers of access to advancements in technology, putting them at a
competitive disadvantage. At present, they are forced to travel to other
southern states to view production techniques. Lack of Texas facilities also
prohibits the pilot-scale testing link between Texas laboratory research and
commercial application. Consequently, promising new diets, disease
treatments, management methods, and equipment are slow to be adopted by
Texas producers. The major mission of the TCAF is to improve the status
of aquaculture in Texas. This facility will supply the essential missing link in
the continuum from basic research to commercial production. That missing

888



link is the translation of laboratory science into reliable, technology that is
economically and environmentally sound.

Purpose and Program

The primary purpose of the TCAF is to develop, refine, and transfer
aquacultural production technology for a varietyof aquaticspecies. Targeted,
practical research and demonstrations are planned for the following areas:

Pond management - of particular interest is the determination of
appropriate mixing, aeration, and water exchange requirements for intensive
culture systems. Practical trials will be available for topics such as water and
sediment chemistry, ecological dynamics of bacteria, meiobenthos,
macrobenthos, and phytoplankton, and economic feasibility.

Nutrition - the facility will be used to field test a variety of feeds
developed in the laboratory. Various feeding strategies willalsobe tested and
evaluated.

Health and Environmental Management - management tactics and
treatment methods will be designed and tested.

Species Evaluations - production technology will be refined on a
species)specific basis. Trials will be conducted on catfish, red drum, shrimp,
and other species.

Aquaculture Engineering - technological advancements in
environmental monitoring will be evaluated for use in management of water
quality and waste treatments.

Indoor Culture Systems • various water recirculation methods and
filtering systems will be tested for intensive culture practices.

Offshore Grow-Out Technology - net-pen systems will be designed,
tested, and evaluated for Gulf of Mexico conditions. Various long-line culture
techniques will be tested for shellfish culture.

A major theme in all TCAF trials will be to convert or translate
research information into practical technology. Appropriate technology will
be transferred to the commercial sector through hands-on training, field
demonstrations, workshops, seminars, publications, and satellite-linked
educational programs.

Facility

The proposed location for the Texas Coastal Aquaculture Facility is
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on Matagorda Bay near Palacios, Texas. The site has access to ample,
high-quality saltwater and freshwater, as well as appropriate soils, elevation,
and topography. The facility willbe fully capable of raising estuarine,marine,
and freshwater species. Saltwater will come from Matagorda Bay. This bay
is one of the most stable on the Gulf of Mexico and usually has water of
desirable salinities for ten to eleven months of the year. In addition,
freshwater wells can bedeveloped from theshallow GulfCoast Aquifer. Initial
construction will include 5,000 ft2 of office and laboratories for emphasis on
water quality and production studies. Expansion facilities will include
provision for processing, storage, packaging, and feed manufacturing studies.

A 10,000 ft culture building will be constructed to house a series of
raceways and production tanks. These systems will be designed for both
flow-through and recirculating operations. A series of replicated ponds from
which reliable data can be obtained will be included in the facility layout.
These ponds will allow trials to test proposed management practices. The
pond complex will include twenty-four 0.25-acre rectangular ponds, six1-acre
rectangular ponds, two 5-acre rectangular ponds, and two 0.25-acre round
ponds.

By the year 2000, at least five units of theTexas Coastal Aquaculture
Facility should be constructed. These variants of the prototype facility will
accommodate the regional diversity of appropriate crops, technologies, and
environments for Texas aquaculture.
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Abstract

Multiple use of Dredged Material Containment Areas (DMCA) for
material disposal and aquaculture can significantly benefit dredging project
sponsors, owners of disposal area real estate, the Corps of Engineers (CE),
theaquaculture industry, and local economies. Dredging interests maybenefit
from increased availability of needed real estate for DMCA. The aquaculture
industry benefits from increased availability of suitable sites for pond culture,
reduction of certain construction costs, and a reduced regulatory burden.
Land owners benefit from site improvements and from a greater financial
return from their land in the form of operational profits or lease fees.

A CE-funded project to demonstrate the commercial feasibility of
DMCA aquaculture began cultivating penaeid shrimp in active DMCA sites
(42 and 47 ha) near Brownsville, Texas, in 1987. Six crops of shrimp were
harvested during the 3-year production trials, yielding over 118 metric tonsof
high quality shrimp. Shrimp production was successfully integrated with
material disposal operations. A variety of commercial production techniques
were successfully evaluated. The results of these trials refute the view that
active disposal areas are economically or biologically unproductive. With
proper planning and management, aquaculture and material disposal are
compatible activities.

Transfer of thetechnology developed during these trials isunderway.
A series of technical and extension documents to guide port managers,
aquaculturists, and other interested parties is in preparation. These
documents cover site selection, containment evaluation, engineering,
construction and production economics and marketing, production technology,
and legal and institutional constraints to such activities.

This concept has wide application. It is a valuable tool for the
acquisition of real estate for dredged material disposal, relieving some of the
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economic pressure on port and waterway development. Because it is
expensiveand difficult to acquire coastal realestate for aquaculture ventures,
it also serves to promote the development of aquaculture in coastal areas.
Moreover, it may improve benefits in cost:benefit calculations for dredging
projects.

Introduction

A large portion ofthe approximately 230xl06 m3 ofsediment dredged
annually by the U.S. Army Corps of Engineers (CE) is disposed in dredged
materialcontainment areas (DMCAs). Most DMCAs are locatedon private
land and acquisition of easements for disposal is the responsibility of the
dredging project sponsors. Although DMCAs often have a usable life span
of up to 50 years, an estimated 2800 ha of new DMCAs areneeded annually.
Acquisitionis difficult because of high real estatevalues, the long-term nature
of the easements, andthe perception by land owners that dredged material is
not esthetic.

To overcome these difficulties, the CE has worked to develop
beneficial use concepts which identify ways in which the landowner can use
the acreage for activities that are financially attractive but do not interfere
with periodic disposal of dredged material. One of these beneficial use
concepts witha high potential for obtaining newsites is aquaculture (Homziak
and Lunz, 1983).

Aquaculture is promising as a compatible activity with disposal
because aquaculture ponds and DMCAs share many design characteristics.
Common features include perimeter levees to retain water, construction on
relatively impervious soils, and control structures for water discharge and
drainage. Both facilities have similar regulatory and permitting requirements
for construction and operation, and both types of facilities include locations
adjacent to waterways in coastal areas, often on large tracts of land and near
transportation routes and/or major markets.

In the United States, important aquaculture industries exist for
oysters, clams, crayfish, catfish, trout, baitfishes, and ornamental fishes
(Kensler, 1989; USDA, 1990). Shrimp farming, which is rapidly expanding in
the international aquaculture scene, has lagged in domestic development,
partly due to high costs of construction and a lack of suitable and permittable
sites (Aquaculture Digest, 1990). The US imports over 90% of its edible
seafoodandabout45% of importedshrimpare farm-produced (USDA, 1990).

Preliminary work done in the early 1970's (Quick et al., 1978)
indicated that shrimp grew well in ponds containing dredged material.
Furthermore, the potential contaminants most likely to be found in dredged
materialwere tightlybound to the sedimentsandwere not accumulated by the
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shrimp (Quick et al., 1978; Tatem, 1983). Technical improvements inshrimp
hatchery operations inthe early 1980's reduced the cost of post-larval shrimp
needed to stock ponds from over $40/thousand to about $12/thousand. This
resulted ina rapid expansion of shrimp farming inmany countries (Lawrence
et al., 1985; Chamberlain et al., 1985).

Potential Benefits of Aquaculture in DMCAs

Lunz and Konikoff (1980) and Homziak et al. (1987) review the
benefits of aquaculture in DMCAs. For the CE, the primary benefit of
aquaculture in DMCAs is to facilitate acquisition of new disposal sites.
Significant benefits can also be realized from DMCA aquaculture by the
aquaculture industry, port and waterway interests, and land owners. High land
and construction costs and restrictive legal and regulatory requirements have
hindered the development of pond-based coastal aquaculture in the United
States. Thus, prospective aquaculturists will benefit from increased availability
of suitable sites for pond culture, reduction of certain construction costs, and
a reduced regulatory burden. The waterway interests and dredging industry
will benefit from increased availability ofneeded real estate for DMCAs. The
economic benefit of aquaculture in DMCAs may also have an influence on
cost:benefit ratios of dredging projects. Land owners will benefit from site
improvements and from a greater return from their land as operational
income orlease fees. Thelocal economy will beenhanced bytheintroduction
of a new industry, and the national economy by replacement of imported
seafoodwith a local product.

Containment Area Aquaculture Program CCAAP^

Todemonstrate the feasibility ofDMCA aquaculture, the U.S. Army
Corps ofEngineers conducted athree-year project togrow penaeid (marine)
shrimp in two active DMCAs near Brownsville, Texas (Homziak etat, 1987).
The purpose of the demonstration project was to establish, for both the CE
and the aquaculture industry, the economic and technical feasibility of
containment area aquaculture. From the CE perspective, feasibility requires
the demonstrated ability of aquaculture operations to coexist with dredged
material disposal-the primary function of DMCAs. It is important to
recognize that theapplication of the concept ismainly to acquire new DMCA
sites and not to retrofit existing sites to aquaculture use.

Specific objectives of the demonstration project included: 1)
determination of design specifications and construction methods that would
allow use of DMCAs for both aquaculture and dredged material disposal; 2)
development ofmanagement strategies that allow aquaculture operations and
material disposals to coexist; 3)documentation ofconstruction and operation
costs toallow an objective evaluation ofeconomic success; and 4)compilation
of the economic and technical information generated by the project into a
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scries of information transfer documents outlining the general guidelines and
specific procedures for the construction and operationof a containment area
aquaculture facility.

Demonstration site facilities

The facility is located adjacent to the Brownsville Ship Channel and
consists of a 1.6 ha. nursery pond and two grow-out ponds of about 42 ha.
(pond A) and 47 ha. (pond B). Modification of existing works at the site
included raising and widening the perimeter levees to a minimum of 1.8
meters above pond bottom with a crown width of 3.5 to 43 meters,
construction of a 1 ha. raised operations area, leveling and construction of
interior drainage ways, construction of a water intake canal and water
distribution channels, and construction of an in-levee water control/harvest
structure.

Water was pumped from the intake canal by two630liter/second and
one 1260 liter/second diesel pumps located in the pumpingstation. The water
passed through a predator filter (0.25 mm screen) into the water distribution
canal, which supplied the nursery pond and/or the production ponds as
needed. Water levels were controlled by a water control/harvest structure
located in each production pond. A harvestbasin or sump located outside the
weir in each harvest structure was designed to accommodate the cod end of
a net used in harvest operations.

Support facilities included a boat landing, fuel storage, two 20-kw
diesel generators in the pump house, a laboratory/residence trailer, feed
storage building with a feed boat dock, workshop/storage barn, and a
desalination system for water supply to the trailer.

Production operations

The main production scheme was to produce edible-sized shrimp
using a two-stage, semi-intensive growout system (Chamberlain et al., 1985).
Post-larval shrimp, approximately 1mm insize, werepurchased from a shrimp
hatcheryand stocked in the 1 ha. nursery where they were fed a high protein
feed for about 1 month. Use of the small nursery pond allowed close
monitoring of water quality, feeding, health, and growth rates. In addition,
water exchange, mechanical aeration, and completeexclusion of predators is
more manageable in a small pond. After the juvenile shrimp reached about
25 mm, they were transferred to the larger growout pond.

Chamberlain et al.(1985) review shrimp production systems. Briefly,
in semi-intensive culture systems the stocking rate of the growout pond is
about 10 shrimp per m2 (100,000/ha.). The shrimp are fed a pelleted feed at
a rate of about 3% of body weight per day for about 12-16 weeks, at which
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time they should be ready to harvest. Pond water exchange is usually about
10% per week. In the alternative extensive culture method, the shrimp are
stocked at a rate of about 2-5 per m2 (20,000-50,000/ba.) and are not fed,
although thepond is periodically fertilized toenhance thegrowth of naturally
occurring food organisms. In intensive culture, stocking rates may beas high
as 50-100 shrimp per m2 (500,000-1 million/ha.). Intensive culture requires
continuous mechanical aeration and massive water exchanges of 100% weekly
or more. In some cases, water in the intensive systems may be filtered or
otherwise purified and then reused.

Harvesting of shrimp ponds can beaccomplished bytrawling, seining,
or draining. While we attempted a partial harvest with seines, the most
effective method of harvesting large ponds, such as those used in the
demonstration project, is by draining. To harvest the demonstration ponds,
dam boards and screens were gradually removed from the center sections of
thedrain/harvest structure. The shrimp moved out with thedischarged water,
which passed through a framed trawl-like net that had the cod end in a
harvest sump. A fish pump attached to the cod end pumped water and
shrimp into an elevated dewatering tower. Shrimp then moved down a pipe
from the tower into 450 kg-capacity fish totes. These were frequently iced
while filling and then loaded onto an adjacent trailer truck for hauling to a
processing plant. Usingthismethod, ponds over40ha. in size wereharvested
in 35-40 hours and produced a topquality, fresh, ultra-premium product.

Results

1987

Only pond A was used for production operations in 1987 (Homziak
et al., 1987). Two crops of the white shrimp, Penaeus vannamei. (cycles:
March-September and July-December) were harvested. Yieldsattained inthe
first crop were 48,098 kg. of heads-on shrimp (1143 kg./ha.) and inthesecond
crop 21,784 kg. (522 kg./ha.). Reduced production in the second crop was
attributed to early cold weather in October which reduced growth and
survival. While the 42 ha. pond was in production during the spring and early
summer of 1987, the adjacent 47 ha. pond was used for disposal of dredged
material.

1988

In 1988, a semi-intensive crop of 31,960 kg. (676 kg./ha.) of heads-on
shrimp was produced in the 47 ha. pond. Production, survival, growth, and
feed conversion efficiencies were not as good as those recorded in the
previous summer. Thecauses of this reduced performance were not dear, but
prolonged high salinities (130 days above 36 ppt) and possible poor quality of
post-larval seed stock were suspected. No adverse affects from the dredged
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material were evident.

The two-year, per-crop average production from semi-intensive
(stocking about 10 juvenile shrimp/m2) shrimp culture exceeded 34,000 kg.
(over 780 kg./ha.) at favorable feed conversion ratios and with good survival
(averaging 61%). This was within the target production range for the
demonstration.

Two alternative production scenarioswere attempted without success.
In the first, an extensive (unfed) crop in the 42 ha. pond was lost due to
contamination by predator fish which entered the growout pond when the
predator filter became clogged and then overflowed. About 700 kg. of 03 kg.
spotted seatrout were present at harvest and shrimp survival was only 3.4%.
An electronic system to prevent future overflow was developed and installed
to prevent reoccurrence. The second alternative was an attempt to grow a
winter crop using a reportedly cool water-tolerant species, P. penicillatus
(Main and Fulks, 1990), during the winter of 1988-89. These shrimp were
killed by unusually low temperatures during February, 1989.

1989

A semi-intensive crop in 1989suffered from an international shortage
of seed stock which prevented timely stocking. Post-larvae were stocked in
small amounts as they became available over several months. These
undesirable circumstances resulted in poor survival and growth, with final
productionof only 14,155 kg. (337 kg./ha.) of heads-onshrimp, with over 60%
being small (over 50 tails/lb.).

Summary of Demonstration Facility Shrimp Production

A total of sue cropswere attempted during the 3-ycaroperationof the
demonstration facility. Of these, two crops failed (due to cold temperatures
in winter 1989 and fish contamination in summer 1988), and four successful
crops were harvested (Fig 5). Production rates for the four crops averaged
669 kg./ha. of whole shrimp (range: 333-1143 kg./ha.) with 51% survival
(range: 23% to 74%). Total production of 114,491 kg. of whole shrimp
(70,761 kg. tails) was sold for over $475,000, which was deposited in the U.S.
Treasury.

Demonstration Facility Disposition

At the conclusion of the demonstration project, the shrimp farm
facility was transferred to the Brownsville Navigation District (BND), an
independent political entity of the State of Texas, and the local dredging
sponsor. The BND receivedover25 inquiries from the private investors and
leased the facility to a commercial shrimp farming enterprise in mid-1990.
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Information Transfer Documents

Information obtained bythe CAAP will be published in six technical
reports to be published by the Corps of Engineers. Topics include site
selection and acquisitions, legal and regulatory requirements for DMCA
aquaculture, chemical suitability of DMCA for aquaculture, economic and
marketing analysis ofthe demonstration, engineering design and construction,
and description of project production methods. In addition, a guidance
manual for use byCE field offices will be produced.

A third group of publications covering the same topics will be
produced by the National Sea Grant College Program, and will be oriented
toward prospective aquaculturists, investors, and financial institutions. These
extension publications will be available at Sea Grant offices throughout the
nation by late 1991.

DMCA Aquaculture - Future Prosnects

In the demonstration facility, the main species of shrimp produced
was the South American white shrimp, Penaeus vannanei. This species is
produced by most of thecommercial aquaculturists inTexas and thewestern
hemisphere (Chamberlain et al., 1985). It tolerates crowding, is relatively
hardy, has agood growth rate, and is available as post-larvae from commercial
hatcheries. It is, however, atropical species that requires temperatures above
22° C for acceptable growth. In the semi-tropical climate ofSouth Texas it
has a 6-8 month growing season. In more temperate climates, a more
cold-tolerant species such as P. chinensis or P. penicillatus will be required
(Mam and Fulks, 1990).

Although the CAAP demonstration project was apenaeid mariculture
facility, aquaculture in DMCAs is by no means Umited to shrimp or even to
marine species. There are over 100,000 ha. of aquaculture facilities for
channel catfish, baitfish, and freshwater crayfish in the southeastern United
States (Kensler, 1989; USDA, 1990). These industries are profitable and
expanding. In areas where DMCAs may be located near temperate
freshwater, there is a potential for containment area aquaculture of these
species.

In cold water areas, commercial aquaculture facilities for rainbow
trout and salmon are expanding in many countries, including the U.S. Various
species of salmonids can be produced in either fresh or salt waters. Under
current production practices, these are usually grown in raceways or cages
rather than ponds, and therefore salmonids have less potential for DMCA
aquaculture than warmwater species. However, production practices for these
salmonids are evolving and pond culture remains a possibility.
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Both oysters and hard clams grow well in the shrimp ponds,
suggesting there is good potential for shellfish culture in DMCAs. Recent
successful trials growing oysters, (R.Wallace, Auburn University Marine
Center, Mobile, AL, personal communication) and hard clams (R. York,
University of Hawaii, Kaneohe, HI, personal communication)) in ponds
support the technical feasibility of .pond-based mollusc culture. Mollusc
culture in DMCAs mayalso be particularly attractive because of the freedom
to use mechanical harvesters, outlawed or severely restricted for use in leased
grounds in many states. Small DMCAs may be suitable for bag culture of
shellfish (Vaughan et al., 1990). Other species such as mussels and scallops
may also be suitable for DMCA culture.

A coastal fish species with significant aquaculture potential is the
striped bass, especially the striped xwhite striped bass hybrid (Helfrich, 1989).
These fish have good market acceptance, rapid growth rates, and are
amenable to pond culture. A small (3-4 ha.) containment area on the
Chesapeake Bay is currently being used for hybrid striped bass production (G.
Earhart, US Army Corps of Engineers, Baltimore, MD personal
communication).

Conclusion

The multiple use of DMCAs, primarily for periodic disposal of
dredged material but with culture operations interspersed among disposal
events, has many attractive features. Benefits to an aquaculture enterprise
from multiple use of DMCA are numerous. Costs associated with land
acquisition, levee and water controlstructure construction, and related items
suchas road access to sitescould be fully or partially subsidized by either the
federal government or by the local sponsor of the dredging project. Greatly
improved access to suitable lands and use of areas already designated as
DMCAs should aid in overcoming two major impediments to aquaculture
development in the U.S., restrictive regulatory requirements controlling
development of coastal property and lack of access to suitable coastal sites.
Landowners would benefitby realizing greater revenues from their property,
either through increased value from improvements or in the form of user
lease fees. Real estate for DMCAs may be difficult for a project sponsor to
locate because land owners arc often reluctant to commit to the long-term
leases involved or to cooperate with what they perceive to be a waste disposal
activity. With the inducement of increased revenue, the CE and the local
dredging sponsors of dredging projects may have less difficulty in finding
affordable land to lease for containment areas.

Interest in the results of this demonstration within the CE, by local
agencies, and by the industry has been high. The successful demonstration of
aquaculture in DMCAs on a commercial scale allows the industry, land
owners, dredging sponsors, and the CE to realize the benefits of this multiple

898



use of DMCA.
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