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ABSTRACT
We are using a series of controlled laboratory experiments to establish the 
relationships between the distribution, growth, and survival of juvenile white shrimp 
Litopenaeus setiferus and brown shrimp Farfantepenaeus aztecus and two key 
environmental variables (water temperature and salinity) affected by freshwater 
inflows. We also are testing 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. The results from these experiments will 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.

INTRODUCTION
Coastal landloss is a major source of environmental change along the Northern Gulf 
of Mexico today. Landloss rates in Louisiana are higher than anywhere in the U.S., 
and the 2005 hurricanes alone may have converted  > 55,000 ha of coastal wetlands 
to open water (Barras 2007). The loss of coastal wetlands poses a serious threat to 
the fisheries that depend on these areas for habitat.

Water-control structures are currently being used, and more are being planned, in 
Louisiana to divert freshwater from the Mississippi River into nearby estuaries for 
wetland restoration. The effect of these large-scale diversions on coastal fisheries is 
uncertain (Rozas et al. 2005).

The concern is that estuarine temperatures and salinity will be reduced by river 
diversions, and that this will negatively impact recruitment, growth, and productivity 
of fishery species. The potential conflict between use of diversions and fisheries is 
particularly high for brown shrimp because their young enter estuary nursery areas 
as postlarvae in the early spring, at the same time that freshwater and sediment are 
most available in the Mississippi River for use in diversions.

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. Penaeid 
(both brown shrimp and white shrimp) postlarvae survived and grew equally well in 
salinities of 2-40 ‰ in a laboratory study where water temperatures were held 
between 24.5 and 26.0 oC (Zein-Eldin 1963). Survival of brown shrimp postlarvae 
decreased in salinities <5 ‰, however, when temperatures were <15 oC (Zein-Eldin 
and Aldrich 1965), but brown shrimp were more tolerant than white shrimp of 
temperatures <15 oC (Zein-Eldin and Griffith 1969). Keiser and Aldrich (1973) 
reported that postlarval brown shrimp selected for salinities mainly between 5 and 20 
‰ 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.
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established in the outside raceway 
by introducing freshwater and 
saline (40 ‰) water on opposite 
sides of the tank. The inside 
raceway serves as a control with 
flowing water of a constant 
salinity(20 ‰). Fifty shrimp are 
taken from holding tanks (20 ‰) 
and placed in each of the gradient 
and control raceways.  After an 
initial acclimation period, the 
distribution of shrimp is recorded 
hourly over a 5-h period. The 
results of a preliminary experiment 
using white shrimp is shown on the 
left. The dark line represents 
average salinity over 5 
observations. Yellow bars show the 
distribution in the control tank. 
Blue bars show the distribution in 
the gradient tank. In this example, 
white shrimp appeared to select 
salinities15-25 ‰ over those < 5 
‰.0
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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 consortium member in field and laboratory 
ecological studies with the simulation modeling capabilities at NOAA.

Our study was designed with four objectives: (1) Establish the relationships between the 
distribution, growth, and survival of juvenile brown shrimp and white shrimp and two key 
environmental variables (water temperature and salinity) affected by freshwater inflows using a 
series of controlled lab experiments; (2) Test the validity of these relationships using field 
experiments; (3) Examine the relationship between shrimp growth rates in the field and the 
availability of potential prey; and (4) Incorporate experimental results into simulation models to 
predict the effects of temperature and salinity on shrimp growth and survival.

METHODOLOGY

We are initiating this research by developing simulation models describing the effects of 
temperature and salinity on shrimp growth. These models (for brown shrimp and white shrimp) 
will be based on existing information in the literature and unpublished experimental data. 
Laboratory and field experiments will then be conducted for comparison with model predictions, 
and the models will be adjusted as needed.  Field experiments on growth and survival will be 
conducted in the Barataria Bay estuary of Louisiana. Experiments on salinity selection in a 
gradient tank will be conducted at the NMFS Laboratory in Galveston, Texas.

Gradient Tank Experiments
Laboratory experiments are being conducted to examine how salinity may affect the distribution of 
shrimp. Circular raceways (diagram below) are used. A salinity gradient of slowly flowing water is

Laboratory Growth Experiments
Growth experiments to establish relationships between growth and survival of penaeid shrimps 
and water temperature and salinity are to be conducted in the laboratory by our university partner. 
These experiments will incorporate a 3 by 5 by 2 factorial design with three levels of temperature, 
five levels of salinity, and using two size classes of juvenile shrimp (Peterson et al. 2004). Each 
experiment will be replicated five times. Shrimp will be held at a 14:10 photoperiod cycle under
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PROGRESS TO DATE
Models currently are being developed from existing literature. Initial laboratory gradient 
experiments were conducted using white shrimp, and experiments using brown shrimp 
are underway. The enclosures and protocol for field growth experiments were tested last 
fall, and the first experiments using brown shrimp will be conducted in May 2007.

Model Development and Application
Bioenergetics growth, survival, and spatial distribution models are being developed and 
parameterized from existing information in the literature (e.g., Zein-Eldin and Griffith 
1969, Saoud and Davis 2003) and will be modified from the results of the laboratory 
experiments in our study. Growth and survival models will be tested against the results 
of our field experiments and adjusted accordingly. Model simulations will then 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, and assuming realistic (but extreme) cases.

flow-throw conditions and fed ad libitum twice each day.

Field Growth Experiments
Growth and survival rates of young shrimp also are being measured in the field by 
caging animals in shallow water along an estuarine salinity gradient. Individually 
marked animals are measured and placed into 1 m2 cages (foreground in image on left)

to initiate experiments. After 
7 d, animals are captured, 
weighed, and measured to
determine growth rates. 
Growth rates of 1 mm d-1

have been measured in
experiments similar to those 
we are conducting (Minello 
et al. 2003). Availability of 
potential prey will be 
determined from samples 
collected with benthic cores.


