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The dagger-blade grass shrimp Palaemonetes pugio Holthuis (Crustacea
Decapoda) is distributed in coastal regions all along the eastern United States
(Anderson 1985). This omnivore occupies an important role in estuarine
ecosystems by enhancing nutrient recycling turnover rates and facilitating
bacterial decomposition, as well as serving as prey for larger carnivores (Buikema
et al. 1980). Recent concern over the spread of the West Nile Virus has led to
increased spraying of insecticides around Chesapeake Bay in hopes of reducing
populations of the vector — various species of mosquitoes (Centers for Disease
Control, 2006). Permethrin is a pyrethroid insecticide that has been disseminated
within the Chesapeake Bay watershed (Maryland Department of Agriculture
2006). Because permethrin is highly toxic to non-target organisms, especially
crustaceans (Clark et al. 1989), and is capable of lingering in the environment for
extended periods before degradation (Wauchope et al. 1992, Ismail and Kailasam
2002), there is some concern that it may be negatively affecting populations of
grass shrimp and other Crustacea in Chesapeake Bay. Recent attempts to collect
grass shrimp for laboratory work at locations around the Delmarva Peninsula
previously known to have an abundance of shrimp have sometimes ended in
failure (Carson and Merchant, 2005; this study).

Permethrin is a synthetic version of pyrethrum, a chlorinated hydrocarbon
produced by the chrysanthemum plant to ward off insect infestation (NPTN,
2006). Its molecular weight is 391.31 and it has the formula C;;Hz0C1,0;.
Effective on all growth stages, permethrin quickly paralyzes the insect nervous
system without causing morphological damage. Because permethrin has a
relative density of 1.2 (water = 1.0) and is relatively insoluble in water (0.2 mg/L
at 20° C, 50 pug/L in seawater), formulation is usually required (EXTOXNET
2006). Permethrin and other chlorinated hydrocarbons are soluble in fats and
adsorb strongly to inorganic particles. Because inorganic particles are likely to
settle to the seafloor, marine substrates may act as reservoirs for permethrin
(Clark 1986). The Virginia and Maryland Departments of Agriculture currently
uses a preparation called Biomist 30 + 30, composed of ground ULV (ultra low
volume) concentrate diluted in mineral oil. ULV sprayers dispense very fine
aerosol droplets that stay airborne to kill flying insects on contact. Permethrin
and piperonyl butoxide act as the active ingredients in this spray; these two
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compounds have a synergistic relationship. Application cannot occur within 100
feet of open water where fish are known to dwell (Maryland Department of
Agriculture 2006). However, other organisms are distributed in these waters,
regardless of fish absence or presence, and are at risk. Application error, such as
spraying in wind, during precipitation, or in other conditions that favor drift,
elevates risk of non-target organisms encountering pesticide.

The purpose of the present study was to determine and compare the median lethal
concentration of the insecticide permethrin on four different populations of
ovigerous P. pugio taken from two locations in Chesapeake Bay and one on the
“outer” (i.e., Atlantic) coast. We sought to relate any significant differences in
acute toxicity between populations to morphological features (length, biomass) of
the shrimp, environmental conditions (salinity, temperature) and differences in
pesticide exposure.

MATERIALS AND METHODS

In this study, a population is defined as a group of individuals of one species
occupying a specific location at a specific time. Sites of shrimp collection for this
study were chosen for four reasons; (1) grass shrimp are known to inhabit each
-area in large numbers (Knowlton et al. 1994; Gallin 2002), (2) each site is located
at equivalent latitude with respect to each other on Chesapeake Bay and Delmarva
Peninsula, eliminating photoperiod effects between each population, (3) each site
also has the potential to receive differing levels of insecticide contamination, and
(4) each site has a different ambient salinity, making it possible to examine what
effects salinity may have on LCs estimates. The three sites are: (1) Chincoteague
Channel in the town of Chincoteague, VA, (2) public boat landing at Messongo
Creek near Saxis, VA, and (3) Point Lookout State Park, MD. All specimens
were collected at high tide. Efforts were also made to collect specimens from
each site at the same time of day. Individuals used in this study were selected at
random from those that were between 1-2 cm in carapace length. Ovigerous
females were chosen to eliminate potential sex effects. Moreover, this stage in
the life history of P. pugio is a critical determinant of the population’s
contribution to larval recruitment (Bauer 2004).

All stock organisms underwent a four-day holding period prior to testing in 25 ppt
water at 22° C on a 14:10 L:D cycle, then held for an additional two days (EPA
Committee 1974). Test organisms were allowed to feed on detritus and
macroalgae during the holding period; external food was not added during the
bioassay. Shrimp experienced gentle aeration while in the holding tank and for
the duration of each test. All holding solutions and test solutions had unionized
ammonia (NH3) values less than 20 ppb. Shrimp from each of the three sites
underwent a 48-hour LCso bioassay with exposure to permethrin in six of the
following different concentrations: 0.072, 0.12, 0.20, 0.33, 0.55, 0.925, 1.54, and
2.56 ppb. Concentrations were in a geometrically spaced series with a range wide
enough so that experimental high levels yielded at least 90% kills and low levels
yielded 10% kills, and each subsequent level had a toxicant concentration at least
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60% of the next highest level (American Public Health Association 1995, Tietze
et al. 1995). Populations of stock organisms from each of the three sites were
exposed to six of the eight test solutions of various toxicant concentrations, as
well as a control solution (sea water) and a sham (5 mL ethanol in sea water).
Control bioassays took place in dilution water alone. For each of the six
bioassays of differing concentrations, and the control and sham, there were three
identical replicates, each housing a minimum of ten shrimp. Living organisms
were counted and dead organisms were removed and preserved in 95% ethanol at
times 1.5, 3, 6, 12, 24, and 48 hours after the beginning of each bioassay. Death
was defined as the lack of movement or reaction to gentle prodding. At the
conclusion of all bioassays, organisms were weighed to determine biomass and
carapace length (tip of rostrum to thoraco-abdominal junction) measured.

To determine if there were any effects of time of collection, an additional
experimental bioassay was carried out for the Saxis, VA population. This site’s
bioassay was repeated because it represented the middle salinity condition. In
addition, the Saxis bioassay was the first performed, and so repeating it at the
completion of all other sites would allow for the longest duration between
replicates. Bioassay mortality data were evaluated by probit analysis (EPA Probit
Analysis Program Used for Calculating LC/EC Values, Version 1.5) to establish
LCsp values, along with their 95% confidence intervals. Data were also
transformed (probit transformation of the proportion dead vs. log concentration of
pesticide) and evaluated by graphical interpolation using linear regression
analysis, according to the Litchfield-Wilcoxon method (Litchfield and Wilcoxon
1949). Graphical analysis was performed to check for reasonableness of the
computer analysis, and to determine where the EPA program could not be used.
Data were transformed to help make the dose-response curve more linear.
Significant differences between L.Cs, values were tested for using the

formula f, , = antilog J (log f;)* +(log £,)* , where f = factor for 95% confidence

limits of LCsp. If the ratio of the compared LCsy values is greater than fj 5, the
LCsg values are significantly different {(American Public Health Association
1995).

RESULTS AND DISCUSSION

Linear regression analysis for all populations is summarized in Figure 1. LCs
estimates and their 95% confidence intervals for all populations are presented in
Table 1. Population mean body length and biomass with standard deviation (SD)
are also presented. The confidence intervals for Pt. Lookout, MD shrimp did not
overlap any of the confidence intervals for the other populations, while
confidence intervals for the remaining populations overlapped each other, and
regression slopes for the Saxis bioassays are virtually identical.

Pair-wise comparisons of population LCso ratio and f; ; support a similar portrayal

of significance/nonsignificance (Table 2). LCs estimates made using the EPA’s
probit analysis program agreed with those determined graphically (some data did
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Figure 1. Linear regression analysis for acute toxicity tests with different
populations of P. pugio ovigerous females exposed to permethrin in static tests at
22°C. Note relative shift of Pt. Lookout, MD population and similarity of the two
Saxis, VA populations.

not fit the EPA model and were omitted from such analysis). Both populations
analyzed (Pt. Lookout and Saxis 5/19/03) had non-overlapping confidence
intervals (Table 1). In addition, the L.Csg ratio > f ; for this pair-wise comparison
indicated a significant difference. LCs estimates for Pt. Lookout were
significantly different from all other L.Csg estimates for the other test populations,
Pearson Product-moment correlation analysis revealed that there was no
significant correlation between LCsg estimate and ambient salinity, ambient
temperature, shrimp length, or shrimp biomass (Table 3).

In decapod Crustacea, the gills appear to be the major organ involved in
permethrin absorption, as they function prominently in the continuous absorption
of ions for osmotic regulation and they are the most permeable part of the
integument (Waterman 1960). Once in the body, fat-soluble (log Kow=6.1,
Bromilow et al. 2003) permethrin may bioaccumulate (BCF=1900, Schimmel et
al. 1983) in the hepatopancreas (Gonzéles-Bard et al. 1997), which has been
shown to be the major site of pyrethroid metabolism (Johnston and Corbett 1986,
Kargin et al. 2001). Permethrin and other synthetic pyrethroid insecticides are
known to affect the opening and closing kinetics of the sodium channel, important
in neuron impulse transmission. Changes in the depolarization of neuronal cell
membranes have been found to be related to toxicity (Soderlund et al. 2002). A
failure of normal depolarization can lead to a failure of synaptic transmission.
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Table 1. 48 hr. LCsg estimates with 95% confidence intervals (CI) for acute
toxicity tests with different populations of P. pugio ovigerous females exposed to
permethrin in static tests at 22°C.

L.C50 (95%CL; ppb)
. Bodylength  p 0 2s¢  Graphical  EPA Probit
Populstian (me;“m*)SD; (meantSD; g) Interp%lation Analysis
Pt. Lookout, 1433200927 _ 0.525:0.088 1.908 1.627
MD 6/28/03 16092262 1.436~1.844
Saxis, VA 1426£0.16]  0.559:0.129 0.604 -
6/30/03 0.449-0.814 -
Saxis, VA 1397+0.126  0.484x0.105 0731 0733
5/19/03 0.541~0.998  0.63~0.891
Chincoteague, 1.340+0.084 0.421+0.065 0.548 -
VA 6/02/03 0.495~0.608 .

Table 2. LCs estimate comparisons for significance. In each comparison, the
first listed population is site; and the second listed is site;, each with their
respective f value. LCsy ratio values are created by dividing the larger LCsq value
within the comparison by the smaller. Asterisks (*) indicate site 1,2 are
significantly different.

Graphical interpolation
Comparison (site; x site;) fite1 fite) fiz LCs, ratio
Saxis 6/30/03 x Saxis 5/19/03 1.35 1.35 1.53 1.21
Saxis 6/30/03 x Pt. Lookout 1:35 1.19 1.42 3.16*
Saxis 6/30/03 x Chincoteague 1.35 1.11 1.38 1.1
Saxis 5/19/03 x Pt. Lookout 1.35 1.19 1.42 2.61*
Saxis 5/19/03 x Chincoteague 1.35 1.11 1.38 1.09
Pt. Lookout x Chincoteague 1.19 1.11 1.23 3.48*
Probit analysis
Comparison (site; x sitey) fi 03 fiz LCsp ratio
Saxis 5/19/03 x Pt. Lookout 1.22 1.13 1.26 2.22*

Table 3. Pearson Product-moment correlation matrix between abiotic conditions
during collection, LCs estimates, and morphological characteristics of test
organisms. Asterisks (*) indicate a significant correlation.

Salinity =~ Temperature LCsp Length Biomass

Salinity 1 -0.847 0692  -0972*  -0.889
Temperature 1 0.656 0.850 0.878
G 1 0.518 0.367
Length 1 0.966*

Biomass 1
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Moreover, failure of neuron impulse conduction is consistent with the final
symptoms of poisoning, which are prostration and/or paralysis.

The evolution of a population of grass shrimp more capable of tolerating
permethrin seems plausible. Numerous other arthropod species have developed
resistance to permethrin (see Hemingway et al. 2004 for review). Pyrethroid
resistance has been attributed to reduced neural sensitivity and enhanced
metabolism in many insects (Soderlund et al. 2002).

Differences in LCs values between populations, as determined in the present
study, may have been the result of variations in proximity to spraying and to the
frequency and duration of these events. However, spraying data for our study
locations do not support this. Chincoteague Mosquito Control has implemented a
daily spraying regimen for peak months (May through September). There is a
history of spraying with permethrin and chlorpyrifos at Pt. Lookout State Park
during similar times of the year (Carson and Merchant 2005). The Virginia
Department of Agriculture and the town of Saxis do not spray near our Saxis
collection site routinely, but permethrin is applied to nearby agricultural land by
farmers in May. Thus, all tested shrimp populations received some exposure to
permethrin during summer months, but measurements of ambient concentrations
at our sites are required to confirm differences in in situ doses. Our data provide a
general measure of the sensitivity of a ubiquitous inhabitant of Chesapeake Bay
and illustrate the variability between geographically close but distinct populations
of the same species.

The greater tolerance of permethrin (as measured by LCs), by shrimp from Pt.
Lookout State Park compared to shrimp populations from Saxis and
Chincoteague, VA, may be a reflection of an acquired resistance to this
insecticide. This resistance could have developed from more frequent sublethal
exposure caused by neatby pesticide application. However, more detailed records
concerning pesticide application, determination of permethrin levels in water
samples and biota, and more extensive sampling of shrimp populations are needed
to test this hypothesis.
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