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Overview

Water-control structures are currently being used, and additional structures are being planned,
on the northern Gulf of Mexico to divert river water into nearby estuaries for wetland restoration.
These freshwater flows directly alter the temperature and salinity of estuarine waters, which can
influence the distribution and productivity of penaeid shrimps and other fishery species.
Currently, too little is known about the environmental requirements of penaeid shrimps to design
and operate diversions to both restore wetlands and minimize impacts to penaeid shrimps. We
propose to use a series of controlled laboratory experiments to establish the relationships
between the distribution, growth, and survival of juvenile white shrimp and brown shrimp and
two key environmental variables (water temperature and salinity) affected by freshwater inflows.
We also will test the validity of these relationships using continuously recorded environmental
data and growth and survival data from shrimp caged along a salinity gradient in an estuary. In
addition, we will look for a relationship between shrimp growth rates in the field and the
availability of potential prey. Experiments also will be conducted in the laboratory to examine
salinity selection by shrimp. The results from these experiments would be incorporated into
simulation models to predict effects of temperature and salinity on shrimp growth and survival.
These models can be linked to a hydrology-hydrodynamic model and used in conjunction with
different river diversion scenarios to assist managers in minimizing the impacts of freshwater
releases to shrimp production when restoring coastal systems.

Proposed Work

The research performed at GLERL will focus on developing predictive models for brown and
white shrimp. Initial versions of the white and brown shrimp bioenergetics models have been
developed. To parameterize the models, we have made extensive use of data from other
species of penaeid shrimp, as bioenergetics data for white and brown shrimp were somewhat
sparse. In order to quantify the uncertainty in our parameter estimates, we used Bayesian
parameter estimation techniques to quantify parameter uncertainty. For this year, model
simulations will be performed to predict growth and survival of brown shrimp and white shrimp
based on various freshwater discharge scenarios as determined from historical data on salinity
and temperature from the bay, and assuming realistic (but extreme) cases.



Scientific Rationale

Water-control structures are currently being used in Louisiana to divert freshwater from the
Mississippi River into nearby estuaries. Many additional large capacity structures are being
planned in the state to divert Mississippi River water into coastal areas for wetland restoration.
Water diversions are also one part of a large comprehensive plan in Mississippi to rebuild
impacted coastal marshes after Hurricane Katrina.

River diversions increase the inflow of freshwater to estuaries, and in doing so influence
numerous estuarine characteristics that affect primary and secondary productivity (Alber 2002).
These freshwater inflows directly alter the water temperature and salinity of estuarine waters,
which can influence the distribution and productivity of estuarine animals. For example, in
coastal Louisiana, brown shrimp Farfantepenaeus aztecus production has been related to the
salinity and temperature of estuarine nursery areas (Barrett and Gillespie 1973).

Data from the scientific literature that would inform management decisions for operating
diversion structures to minimize impacts to the shrimp fisheries are inadequate. Only a few
studies have examined the effect of salinity and water temperature on growth and survival of
brown shrimp and white shrimp Litopenaeus setiferus. Penaeid (both brown shrimp and white
shrimp) postlarvae survived and grew equally well in salinities of 2-40%o. in a laboratory study
where water temperatures were held between 24.5 and 26.0°C (Zein-Eldin 1963). Survival of
brown shrimp postlarvae decreased in salinities <5%o0, however, when temperatures were <15°C
(Zein-Eldin and Aldrich 1965), but brown shrimp were more tolerant than white shrimp of
temperatures <15 °C (Zein-Eldin and Griffith 1969). Keiser and Aldrich (1973) reported that
postlarval brown shrimp selected for salinities mainly between 5 and 20%o. in a laboratory salinity
gradient; subsequent experiments suggested that the range of salinity selection for brown
shrimp may be larger and variable and that postlarval white shrimp and brown shrimp select for
similar salinities (Keiser and Aldrich 1976). Relatively little work has been conducted on the
effects of temperature and salinity on larger juveniles. In laboratory experiments on juveniles,
Saoud and Davis (2003) reported growth of brown shrimp to be significantly higher at salinities
of 8 and 12%. than 2 and 4%., but water temperature was not varied and white shrimp were not
examined. Survival and growth rates of juvenile penaeid shrimps have not been documented for
the range of different combinations of water temperature, salinity and shrimp size that
commonly occur in an estuarine environment.

The uncertainty surrounding the environmental requirements of brown shrimp and white shrimp
is surprising given the importance of the fisheries for these species. Development of a better
understanding of the relationship between water temperature, salinity and growth and survival of
juvenile brown shrimp and white shrimp is needed in order to adaptively manage large water
diversion structures. In this collaborative project, we will bring together the expertise of NOAA
and a Cooperative Institute (CI) consortium member in field and laboratory ecological studies
with the simulation modeling capabilities at NOAA.



Governmental/Societal Relevance

This project contributes to the NOAA mission goal to protect, restore, and manage the use of
coastal and ocean resources through an Ecosystem approach to management and to the NOAA
ecosystem goal outcome of healthy and productive coastal and marine ecosystems that benefit
society, and to the NOAA performance objective to increase the number of habitat acres
conserved or restored. Robust coastal economies are dependent on a productive coastal
environment. In the northern Gulf of Mexico, coastal economies are built around sustainable
fisheries. Brown shrimp and white shrimp support two of the most important fisheries of the
region, and these fisheries are sustained by coastal wetlands. In response to continuing
degradation of coastal wetlands and potential negative economic impacts, river diversions are
currently being used, and additional diversions are being planned, to restore coastal wetlands. A
better understanding of the environmental requirements of brown shrimp and white shrimp may
make it possible to design and operate these freshwater diversions in a manner that would both
restore estuarine areas and benefit the shrimp fisheries. The results of our study would be used
to develop relationships between shrimp growth and survival and two primary environmental
variables (temperature and salinity) affected by freshwater inflows. These relationships can be
used in a model linked to a hydrology-hydrodynamic model to predict the spatial distribution,
growth and mortality, and production of shrimp in coastal areas. These models could be used in
conjunction with different river diversion scenarios to assist managers in minimizing the impacts
of freshwater releases to shrimp production when restoring coastal systems.

Relevance to Ecosystem Forecasting

As a part of wetland restoration in coastal Louisiana, several freshwater diversions are being
planned or are in the process of being developed. These diversions are being built to help
deliver sediments and freshwater needed for coastal restoration. The addition of cold, river
water to coastal marshes will result in the alteration of the spatial patterns of salinity and
temperature in these marshes. Development of shrimp bioenergetics models will help to predict
the potential effects of changes in temperature and salinity patterns on shrimp production and
will aid managers in developing operation plans which minimize these effects.
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