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Introduction 
 
The importance of salt marshes as estuarine nursery grounds for valuable fisheries 
species has been well documented (Weinstein, 1979; Zimmerman et al., 1984). 
Brown shrimp utilize marsh habitats during the early stages of their life history and 
later emigrate offshore for further maturation and reproduction (Zimmerman and 
Minello, 1984; Boesch and Turner, 1984). It has been documented that F. aztecus 
post-larvae immigrate into Galveston Bay marshes during the spring and early 
summer where they are provided both a refuge from predators and an ample food 
supply (Minello and Zimmerman, 1991; Aubele 2001). The availability of suitable 
marsh habitat and abundance of infaunal prey will likely influence the recruitment 
success and distribution of brown shrimp immigrants. 
 
Abiotic factors are known to affect the survival of brown shrimp in estuarine 
nursery grounds (Zein-Eldin and Aldrich, 1965). Low salinities are known to retard 
growth rates and decrease survival over an extended period of time (Zein-Eldin and 
Aldrich, 1965; Minello et al., 1990). Large freshwater events and subsequent low 
salinities and rapid water currents may cause marsh habitats near river deltas to 
become unfavorable for shrimp recruitment. Therefore, the suitable habitats for F. 
aztecus will become aerially limited during years of excessive rainfall. This 
decrease in accessible marsh habitat may lead to an increase in both competition for 
infaunal food resources and predatory efforts by juvenile fishes. Years of excessive 
rainfall may be correlated with lower offshore shrimp fishery yields (Turner, 1977; 
Boesch and Turner, 1984). 
 
The purpose of this study was to compare the recruitment success and distribution 
of post-larval brown shrimp within Galveston Bay during years of high and low 
rainfall. The affect of low salinity on the recruitment success and distribution of 
young brown shrimp within the estuary was investigated. 
 
Methods 
 
Sampling was conducted April 9, 1996 through October 24, 1997 in the salt 
marshes of Trinity River Delta and West Bay. Thirty experimental sampling stations 
were established in each region. Samples were collected bimonthly from 10 



  

randomly selected stations of the 30 possible during February through June 
(coincident with peak abundance of shrimp post-larvae) and monthly from July 
through December (when abundances are relatively low). All samples were 
collected at high tide and completed during a 5-day or less period. On several 
occasions, sampling was not possible during extended periods during the winter 
months due to extreme low tides caused by �northers�. 
 
Nekton, including brown shrimp, was collected using a 1-m beam trawl with a 
frontal area of 0.3 m2. The trawl was placed 1 m from the marsh edge and pulled 10 
m parallel to the marsh edge (marsh-open water interface). In the laboratory, trawl 
samples were sorted and animals were counted and identified to the lowest practical 
taxon. Water temperature, salinity, and dissolved oxygen were measured at each 
site. 
 
Brown shrimp density between habitat type (Trinity River Delta and West Bay) was 
evaluated using a two-sample t-test. A one-way Analysis of Variance (ANOVA) 
was used to determine density variations among study sites and sampling dates. 
Regression analyses were calculated to determine the possible relationships between 
brown shrimp density and selected abiotic parameters. For all tests, density data 
were log transformed to achieve homogeneity of variances. 
 
Results 
 
A total of 388 samples were collected in 1996 and 1997. Brown shrimp were 
significantly more abundant in the higher salinity West Bay than in Trinity River 
Delta (p<0.001). Average brown shrimp density in West Bay was 12.5 shrimp/m2 in 
1996 and 20.4 shrimp/m2 in 1997 during the peak immigration period (March to 
June). Average brown shrimp density in Trinity River Delta was 5.1 shrimp/m2 in 
1996 and 0.0 shrimp/m2 in 1997 during the peak immigration period (March to 
June). Despite regular sampling, no brown shrimp were collected during the spring 
of 1997 in Trinity River Delta. A few brown shrimp were collected from the Delta 
in August and October 1997. 
 
In 1996, the combined average density for both study areas was 10.4 shrimp/m2 
from April through October. In 1997, the combined average density for both study 
areas was 14.4 shrimp/m2 over the same time period. During the peak immigration 
period from March to June, the combined average densities of brown shrimp for 
both study areas were 17.6 shrimp/m2 in 1996 and 20.4 shrimp/m2 in 1997. 
 
Salinity varied seasonally and temporally within the Galveston Bay system. 
Salinities in Trinity River Delta were significantly lower than in West Bay during 
1996 and 1997 (p<0.001), reflecting the freshwater inflow received from the Trinity 
River. Salinity in Trinity River Delta ranged from 2.5 to 15.1 ppt in 1996 and 0.0 to 
2.2 ppt in 1997 while salinity in West Bay ranged from 22.0 to 33.7 ppt in 1996 and 
10.7 to 36.3 ppt in 1997. 



  

The relationship between F. aztecus density and salinity was evaluated using a 
regression analysis. Mean density values for each sampling interval were utilized 
due to the high degree of variation among individual sampling sites. Salinity 
accounted for 32.0 percent of the density changes. In Trinity River Delta, a trend 
existed between F. aztecus density and river flow from the Trinity River (displayed 
as elevation above sea level data obtained from the USGS Wallisville, Texas 
gauging station; USGS, 1998). River flow accounted for 22.8 percent of the 
seasonal variability in density within the Trinity River Delta during 1996 and 1997. 
Salinity and river flow accounted for more variability in F. aztecus density than 
other variables that have been investigated (Aubele, 2001).   
 
Discussion 
 
F. aztecus density differed significantly in Trinity River Delta and West Bay. 
Brown shrimp did not migrate into Trinity River Delta marshes during the majority 
of 1997, including the peak immigration period. Salinities in this area never 
exceeded 2.2 ppt in 1997. A rapid current existed in the Delta during most of 1997, 
perhaps preventing post-larval penaeids from immigrating into this area. This 
current decreased sharply in August 1997, the same time when F. aztecus was first 
collected in the area. It appears that the combination of unfavorable salinity and 
river flow may at times prevent post-larvae from occupying this region of the bay. 
 
Comparisons of combined overall F. aztecus densities between the two study areas 
suggest that the number of brown shrimp immigrants in 1997 were slightly higher 
than observed in 1996. However, this difference could be explained by the 
probability that in 1996 post-larval brown shrimp utilized marshes in lower Trinity 
Bay and throughout Galveston Bay. In 1997, most of Trinity Bay would have been 
unfavorable for brown shrimp utilization due to the physical regime resulting from 
flood events. The total number of shrimp recruits may have been similar during both 
years, with a greater concentration of shrimp in the lower Galveston Bay system in 
1997 due to the influences of freshwater. This restriction of suitable habitat may 
have led to higher brown shrimp mortality within Galveston Bay due to increased 
predation on brown shrimp and less available food resources from intra- and 
interspecific competition. Additionally, the combination of high shrimp abundance 
and restricted suitable habitat may have forced many shrimp into openwater 
habitats. Subsequently, brown shrimp in 1997 would have been more susceptible to 
being caught by the inshore fishery as compared to 1996. The estimated May 
inshore commercial shrimp catch for Galveston Bay was 18 lbs/hr (heads-on) in 
1996 and 31 lbs/hr (heads-on) in 1997 (NMFS, 2001). It appears that years of 
excessive rainfall may lead to increased mortality rates of brown shrimp during the 
early stages of their life history which could potentially lead to lower offshore 
fishery yields. Over five million more pounds of shrimp were caught in the offshore 
fishery in 1996 than in 1997 (NMFS, 2001). 
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Abstract 
 
Crabbers in Core Sound, North Carolina, USA, report that sea turtle damage to 
crab pots has become an increasingly serious issue.  This damage results in 
higher gear replacement costs and losses in crab catch.  Experimental fishing 
was conducted to test for differences in crab catch and pot damage using three 
types of crab pots: low-profile, square mesh, and hexagonal mesh.  The low-
profile pot was designed to reduce the sea turtles� ability to overturn the pots.  
There was no significant difference in crab catch between the low-profile and 
square mesh pots, and the low-profile pots sustained less damage than the other 
pot types in all locations.  In interviews with 18 Core and Pamlico Sound 
crabbers, crabbers 64% of all crab pot damage and 36% of lost crab catch is due 
to sea turtle damage.  The low-profile pot may provide a solution to sea turtles 
damaging crab pots without compromising crab catch. 

 
Introduction 

 
The blue crab (Callinectes sapidus) supports North Carolina�s most valuable 
commercial fishery in terms of total landings, value, processing, participation, 
employment, and the amount of harvest gear used (Blue Crab FMP, 1998).    
The value of hard blue crabs landed in North Carolina in 2000 was over 
USD$30 million (NCDMF, 2001).  However, this lucrative fishery may be 
adversely affected by loggerhead sea turtles (Caretta caretta), which are listed 
as threatened under the Endangered Species Act of 1973.  Loggerheads are the 
most common sea turtle species found in Core and Pamlico Sounds, and are 
found in inshore waters from May to December (Epperly, et al., 1995). 
 
Sea turtles damage crab pots primarily by turning the pots on their sides while 
trying to get the bait, tearing up the bottom and sides of the pot.  This damage 
results in higher gear replacement costs and losses in crab catch.  Since 1994, an 
average of 95% of the total hard crab harvest has been obtained by crab pots.  
Ninety-one percent of the total landings are from May through October (Blue 
Crab FMP, 1998); this is also when turtle abundance is highest in the sounds.  
The objective of this study was twofold: (1) to determine if a low-profile crab 
pot would reduce turtle damage without compromising crab catch and (2) to 
determine the extent and magnitude of the sea turtle damage problem. 
 

Methods 
 

Experimental Fishing─Three types of crab pots, low-profile; square mesh; and 
hexagonal mesh, were used to test for differences in crab catch and crab pot 



damage.  The low-profile pots measured 34�x24�x13.5� with a wire gauge size 
of 12.5, the square mesh pots measured 24�x24�x21� with a gauge size of 17, 
and the hexagonal mesh pots measured 22�x24�x19� with a gauge size of 18.  
The hexagonal mesh pot is the most common pot type used by crabbers in Core 
Sound.   
 
The experimental design consisted of three lines of crab pots (lines A, B, and C) 
in different areas of Core Sound, with 30 crab pots per line.  Each line consisted 
of 10 pots of each type, in the repeating order of low-profile, square mesh, and 
hexagonal mesh.  The experimental pots were fished on 21 days from June 12, 
2001 to July 27, 2001.  The number and size of all crabs caught in the 
experimental pots were recorded.  An analysis of variance (ANOVA) was used 
to analyze the relationship between number of crabs caught per pot and the 
effect of pot type, location, and date.  Tukey-Kramer multiple comparison tests 
were performed to determine the magnitude of the pot effect.  All statistical 
analyses were conducted with S-plus 2000 software.  The mean number of legal 
size crabs per pot was used in all analyses.  Data was transformed by log (x+1) 
due to the non-normality of the data and the high number of zero counts. 
 
The experimental pots were all new at the outset of the experiment, to provide a 
baseline for collecting data on the amount of sea turtle damage.  At the end of 
the experimental fishing, each pot was rated according to the following damage 
index: 1, no damage; 2, minimal damage (e.g., bite marks on plastic coating); 3, 
bent wires, pot dented on bottom; 4, broken wires; and 5, maximum damage 
(e.g., loose bait wells).   
 
Interviews─Eighteen crabbers from Core and Pamlico Sounds were interviewed 
from June 2001 to January 2002.  Participants were selected using the snowball 
sampling method.  This method is often used when it is difficult to identify 
potential respondents; once several respondents are identified and interviewed, 
they are asked to identify others who might qualify as respondents (Rea & 
Parker, 1997).  Potential participants were also identified by visiting local crab 
houses.  The survey was designed to gain information on the extent and level of 
sea turtle damage in Core Sound. 
 

Results 
 
Experimental Fishing─The results of the ANOVA allowed us to conclude that 
pot type (p<0.001), line location (p<0.001), and day (p<0.001) have a significant 
effect on crab catch (Table 1).  The isolated pot effect shows that within a line, 
crab catch varies with pot type (p=0.02) (Figure 1).  Results suggest that crab 
catch is marginally higher for the hexagonal mesh pots, but not statistically 
significant.  Tukey-Kramer multiple comparison tests show that, overall, there is 
no difference in catch between the low-profile and square mesh pots, while the 
difference between pots varies with line location (Table 2). 
 



Table 1.ANOVA for log (x+1) of mean number crabs per pot, per day. 
Source of Variation Sum of Squares d.f. Mean Square F-statistic p-value 
Line 28.82961 2 14.41 30.04 <0.0001 
Day 76.14947 20 3.81 7.93 <0.0001 
Pot 11.93538 2 5.97 12.44 <0.0001 
Day:line 123.01805 35 3.51 7.32 <0.0001 
Pot:line 5.37389 4 1.34 2.80 0.02 
Total 245.3064 63    

R-squared = 24.11%          adj. R-squared = 21.11%        Estimated SD = 0.69 
 
 
Figure 1.Legal size crab catch for 21 days starting on June 12, 2001.  Catch is 
measured by the mean number of crabs per pot per day, for each pot type across 
the three line locations.  The graph shows an interaction between location and 
pot type.   
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Table 2.Results of Tukey-Kramer multiple comparison tests.  Lines indicate no 
significant difference in crab catch between pot types.   
    ___________________________ 
  ________________________ 
Line A  Square mesh Low-profile Hexagonal mesh 
     

___________________________ 
________________________ 

Line B  Square mesh Low-profile Hexagonal mesh 
    
  ________________________ 
Line C  Square mesh Low-profile Hexagonal mesh 
 



The mean damage ratings for the low-profile pot (1.47), square mesh pot (3.73), 
and hexagonal mesh pot (3.17) show that the low-profile pots sustained less 
damage than the other pot types (Figure 2). 
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Figure 2.Damage rating for each pot type, by location.   

 
Interviews─All respondents were Caucasian males, with a mean age of 45 years.  
Eighty-nine percent of respondents indicated that turtles are the primary cause of 
damage to their crab pots; the most common type of damage seen was 
overturned pots and chewed bait wells.  Respondents had heard of sea turtle 
damage to crab pots in areas other than Core Sound, such as Albemarle Sound, 
and the Neuse and North Rivers.  The mean crab catch lost due to sea turtle 
damage, per season, was 36%, while the mean gear repair costs due to turtle 
damage was USD$1,835 per season. 
 

Discussion 
 

The low-profile pot caught crab as effectively as the square mesh pot in lines A , 
B, and C.  It also caught as well as the hexagonal mesh pot in lines A and B, 
suggesting that the low-profile pot will not compromise crab catch.  Line C was 
the only location where there was a significant statistical difference between the 
low-profile and hexagonal mesh pots.  However, the C line also had the highest 
catch.  Therefore, it is possible that when crab catch is low, the pot effect is 
undetectable.  During high catch seasons, the traditional hexagonal mesh pots 
may catch crabs at higher rates than the other pot types. 
 
The reduction in pot damage may compensate for this catch loss.  The initial 
investment of the low-profile pot is approximately twice that of the hexagonal 
mesh pot, but the longer lifetime of the low-profile pot is expected to 
compensate for the higher initial cost. 
 
 



Survey respondents indicated that turtle damage was markedly higher during the 
summer months, and did not start to decline until October; this coincides with 
the highest catch months for blue crabs.  Although sea turtle damage is high in 
Core Sound, it is certainly not limited to that area.  There have also been reports 
of turtle damage in the southeastern part of Pamlico Sound, and as far north as 
Croatan and Roanoke Sounds.  Respondents reported that sea turtle numbers in 
the sounds have been increasing, along with the amount of sea turtle damage, 
over the last five to ten years.   
 
Sea turtles damaging crab pots is a unique issue where a threatened species is 
impacting a commercially valuable fishery.  The low-profile crab pot has the 
potential to improve this situation.  Some crabbers have started using the square 
mesh pots to reduce turtle damage, however, our results indicate that the low-
profile pot is a better option.  The low-profile pot allows the crabber to maintain 
crab catch with a reduction in gear replacement costs.   
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Introduction of Water Quality Issues 
 
According to the National Water Quality Inventory conducted in 1996, 40% of 
the United States waterbodies surveyed are impaired and do not meet water 
quality standards. The leading source of water pollution is non-point source 
pollution, which contributes to 75% of the total pollution; point source pollution 
comprises the remaining 25% (National Water Quality Inventory, 1996). Non-
point source pollutants have no specific point of discharge, such as a pipe or 
outlet, but enter into waterways and groundwater reservoirs via surface runoff or 
percolation through soil layers (Hollomon, MSU Cooperative Extension Service. 
Domestic Wastewater Management Information Sheets, 1997). Polluted runoff 
occurs from fields, lawns, parking lots, driveways, streets and highways, and 
other impervious surfaces.  Non-point source pollutants include fertilizers, 
pesticides, herbicides, oils, salts, sediment, and bacteria from human and animal 
waste. These pollutants can impair water quality and result in hypoxia, fish kills, 
contaminated shellfishing waters, contaminated drinking water, eutrophication, 
harmful algal blooms, destruction of spawning habitats, loss in aesthetic value, 
streambed scouring, and human health threats. The concern over our nation�s 
water quality is also reflected in the recent establishment of the Total Maximum 
Daily Load (TMDL) Program under Section 303 (d) of the Clean Water Act. 
The TMDL program provides a mechanism for states to improve impaired water 
bodies. The program requires more stringent water quality-based controls for the 
management of point and non-point source pollution. 
 
Not only is water quality impairment a national concern, it is a primary concern 
for Mississippi. The Mississippi Department of Environmental Quality (MDEQ) 
recently revealed in a 305 (b) report that greater than 50% of Mississippi�s 
waterbodies (streams, lakes, rivers, and estuarine waters) are impaired (MDEQ, 
Mississippi 1996 305(b) Report, 1996). In fact, MDEQ studies reveal 91% of 
Mississippi rivers surveyed do not fully support swimming (MDEQ, Mississippi 
1996 305(b) Report, 1996). Sediment associated with erosion and construction 
activities is the primary pollutant of rivers. MDEQ also notes that 60% of 
surveyed estuarine waters are characterized as having impaired shellfishing 
activities (MDEQ, Mississippi 1996 305(b) Report, 1996). The primary sources 
of pollution to estuarine waters are leaking septic tanks and urban/suburban 
runoff. Swimming advisories, fish and shellfish consumption advisories, and 
beach closings often result from such polluted runoff. Non-point stormwater 
runoff associated with pesticide usage is also a threat to water quality and can 
result in the issuance of fish consumption advisories and commercial fishing 
bans. The Gulf of Mexico Program estimates that 57% of the shellfish growing 
waters in the Gulf have been permanently or conditionally closed to shellfish 



harvesting (Gulfwatch, Vol. 10, No. 2, Summer 1999). Despite the fact that 
MDEQ has collected water quality data on many coastal streams, lakes, rivers 
and estuarine areas in Mississippi, the database remains inadequate; therefore, 
the interpretation of the above-mentioned statistics may not fully reflect the 
status of the overall water quality in Mississippi waterbodies. In summary, the 
water quality statistics point to the fact that water quality impairment is a serious 
threat to Mississippi.  
 
Mississippi�s coastal zone comprises 4% of the state land area with 359 miles of 
shoreline, 40 miles of sandy beaches, and 1,124 square miles of wetlands 
(NOAA. National Coastal Management Effectiveness Study, 1997). Because the 
Mississippi Gulf Coast is extremely dependent on water quality, it is quite 
vulnerable to the impacts of non-point source pollution. A contributing factor to 
the non-point source pollution in coastal Mississippi is faulty septic tanks 
allowing bacteria, viruses, and excessive nutrients from domestic waste to enter 
soils and waterbodies, which can lead to water quality impairment.  
 
EPA Stormwater Phase II Program  
 
According to the 1996 National Water Quality Inventory, 40% of the United 
States� waterbodies are determined to be impaired by pollution and do not meet 
the water quality standards. The leading source of pollution is identified as 
polluted runoff. Stormwater runoff is considered non-point source pollution, and 
sources of stormwater runoff pollution include pesticides, herbicides, fertilizers, 
litter and debris, oils, salts, human and animal wastes, and sediment. Such 
pollution can threaten human health; contaminate drinking water; lead to fish 
kill; result in the loss of spawning areas for aquatic species; cause the loss of 
aesthetic value of streams, rivers, lakes, and oceans; and lead to the loss of 
recreational value of our nation�s water-bodies.  
 
To address the issue of polluted stormwater runoff, the Clean Water Act was 
amended to further reduce pollutants to the �maximum extent practicable� and 
to protect water quality. The amended Clean Water Act established a two-
phased approach for the management of stormwater discharges: Phase I and 
Phase II. The Stormwater Phase I Program targeted (1) municipalities with a 
population of 100,000 residents or more and a population density of 1,000 
residents per square mile, (2) construction sites that disturbed 5 acres or greater, 
and (3) industrial facilities that fell into eleven distinct categories. The 
Stormwater Phase II Program expanded the existing Phase I Program for greater 
coverage and is described below.  
 
The U.S. Environmental Protection Agency (EPA) established designation 
criteria for entities to determine if the development and implementation of the 
Stormwater Phase II Program is required. Designated entities include the 
following: (1) small municipal separate stormwater sewer systems (MS4s) 



within an urbanized area; (2) any MS4 contributing substantially to stormwater 
pollutant loading of a regulated physically interconnected MS4; and (3) any 
small MS4 that meets the criteria for designation determined by the Mississippi 
Department of Environmental Quality. A municipality, as defined by EPA in 
this program, includes towns, cities, counties, state and Federal entities (military 
bases and Department of Transportation), Federal Indian Reservations, and any 
entity that has a designated responsibility for stormwater management on 
property that they own or for which they are responsible. An urbanized area is 
defined by the Bureau of Census as land area comprising one or more places 
that has a residential population of at least 50,000 and an overall population 
density of at least 1,000 people per square mile.  

There are thirty-one (31) cities and counties located in Mississippi that are 
designated by EPA as MS4s requiring a Phase II Stormwater Program. Among 
these are Harrison County and the cities of Biloxi, D�Iberville, Gulfport, Long 
Beach, and Pass Christian; Hancock County and the cities of Bay St. Louis and 
Waveland; and Jackson County and the cities of Gautier, Moss Point, Ocean 
Springs, and Pascagoula. Each MS4 is required to implement six (6) minimum 
control measures under Phase II Stormwater Program. These measures include 
the following: (1) Public education and outreach; (2) Public involvement and 
participation; (3) Illicit discharge detection and elimination; (4) Construction 
site stormwater runoff control; (5) Post-construction stormwater management in 
areas of new development and redevelopment; and (6) Pollution prevention and 
good housekeeping. 

Best Management Practices (BMPs) and measurable goals associated with the 
BMPs are to be implemented in an effort to ensure success in achieving water 
quality improvements. The regulatory deadline for municipalities to submit the 
application for permit coverage is March 10, 2003.  

Project Objective 
 
The project objective is to develop a coastal stormwater management toolbox to 
assist the designated coastal cities and counties in identifying best management 
practices and measurable goals associated with improved stormwater runoff 
management as required by the EPA�s Phase II Stormwater Program. This 
countywide stormwater management approach will be designed (1) to organize 
stormwater management efforts among the designated coastal entities, (2) to 
provide guidance to the coastal entities regarding general best management 
practices, and (3) to assist the designated municipalities in public education 
workshops. The task associated with meeting the project objective are provided 
below: 
 
Task 1: Obtain information collected via Organizational Phase from 

the designated cities and counties � directory, local issues, 



local concerns, local stormwater management efforts, local 
ordinances, local watersheds, etc.  

Task 2: Present Best Management Practices Inventory 
Task 3: Hold a Series of Workshops to obtain feedback  
Task 4: Distribute Attitude Surveys (can distribute these before and 

after meetings to measure level of understanding and 
perception of program, issues, and best management 
practices) 

Task 5: Research and Identify best management practices associated 
with specific coastal issues and coastal characteristics 

Task 6: Identify costs associated with development and 
implementation of selected best management practices 

Task 7: Identify vendors 
Task 8: Develop a deliverable:  CD or Manual  
 
Closing 
 
Via coordinated local, state, and federal efforts, a coastal stormwater 
management toolbox will be developed with provisions that are applicable 
throughout the coastal region. The toolbox will provide sound stormwater 
management options regarding six required elements: (1) public education, (2) 
public involvement, (3) illicit discharge detection and elimination, (4) 
construction site stormwater runoff control, (5) post construction site 
stormwater management, and (6) pollution prevention operations. 
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For more information, contact:  
Marcia Garcia, Project Officer 
Coastal Ecology Office 
Department of Marine Resources 
1141 Bayview Avenue, Suite 101 
Biloxi, Mississippi 39530 
Ph: 228/374-5000  
Fax: 228/374-5008 
E-mail: marcia.garcia@dmr.state.ms.us 
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