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Abstract. This study describes the use of newly hatched larvae 
of Callinectes sapidus (blue crab) in a 48-h acute toxicity test 
and compares their sensitivity to two other estuarine crustaceans 
(Mysidopsis bahia and Palaemonetes pugio) commonly used 
for evaluation of effects of potentially toxic materials. C. sapi- 
dus larvae were twice as sensitive to sodium dodecyl sulfate 
as <- 24-h post-release M. bahia, and five times more sensitive 
than -< 24-h-old P. pugio larvae. We found the blue crab toxicity 
test to be simple, rapid and accurate and it provides low variabil- 
ity and high reproducibility. Since the data indicate high sensi- 
tivity of this commercially important species to a reference 
toxicant and the potential impact on its survival during a criti- 
cally sensitive developmental stage, we propose future research 
further evaluating C. sapidus as a potential toxicity test species. 

Blue crabs, Callinectes sapidus, have been the subject of exten- 
sive life history and reproduction studies, as well as investiga- 
tions of migrational patterns (Perry and Van Engel 1979; Steele 
and Perry 1990). They inhabit both upper estuarine and offshore 
waters at various life stages. Records of their life cycle indicate 
that larvae travel from onshore ocean areas through estuary 
mouths to the upper reaches of the estuary where they encounter 
low salinity as they grow, mature and mate. Gravid females 
move to higher salinity areas, usually at the mouth of estuaries, 
where larvae are broadcast to onshore currents and swept out 
to sea to develop to the megalops stage (Costlow and Bookhout 
1959). Consequently, as both an estuarine and a coastal species 

Contribution No. 943 of the U.S. Environmental Protection Agency, 
Health Environmental Effects Research Laboratory, Gulf Ecology De- 
vision, Gulf Breeze, FL 

Correspondence to: G. M. Cripe 

(Sulkin 1974), they have the potential to encounter an extensive 
variety of pollutants. 

The blue crab is a commercially important species in the 
Western Atlantic and Gulf of Mexico. In 1994, the U.S. hard- 
shell blue crab fishery of 209 million pounds was valued at 
$137 million (Holliday and O'Bannon 1994). 

Because of the life history patterns and short life span (1-2 
years), blue crab landings are variable year-to-year and subject 
to crash-boom population patterns. Therefore, this species mer- 
its examination of its sensitivity to environmental pollutants, 
and in recent years, larvae have been exposed to several toxi- 
cants (Bookhout and Costlow 1975; Bookhout et al. 1979, 1980, 
1984; McKenney and Costlow 1981). Because of size and 
culturing requirements, the estuarine crustaceans most often 
used for laboratory evaluation of toxic material are mysids 
(Mysidopsis bahia), and grass shrimp (Palaemonetes pugio; 
ASTM 1988). Whereas these species are easily cultured and 
maintained in the laboratory, their sensitivities may not parallel 
those of commercially important species such as blue crabs. 
The results from exposures of blue crabs and routinely tested 
estuarine crustaceans exposed to the same toxic materials would 
facilitate an evaluation of protection of this species with data 
from surrogate test organisms. 

In addition to species differences, life stage can be a signifi- 
cant factor in sensitivity of crustaceans. Several studies have 
suggested that juvenile and larval forms of crustaceans are more 
sensitive to toxicants than their adult forms (Nimmo et al. 1971; 
Conner 1972; Armstrong et al. 1976; Cripe 1994). Toxicity 
studies with early life stages of blue crabs examined the effects 
of chemicals on larval development through metamorphosis to 
first crab stage in 30- to 40-day exposures (Bookhout and 
Costlow 1975; Bookhout et al. 1979, 1980, 1984). 

This study was conducted to extend the information base on 
an important economic species, to develop an exposure tech- 
nique with newly released blue crab larvae, and to compare 
their sensitivity to that of mysids and grass shrimp. The toxicant 
was sodium dodecyl sulfate (SDS), a commonly used refer- 
ence toxicant. 
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Materials and Methods 

Test Organisms 

All bioassays were conducted with test organisms that were at the 
earliest life stage feasible. To meet the criterion for the blue crab tests, 
females blue crabs were collected near the mouth of Pensacola 
Bay, Florida, in the fall of 1993 at 26°C and 26 parts per thousand 
(%0) salinity. Females with undeveloped eggs, or "orange sponge," 
were chosen in order to observe embryological development and to 
avoid fungal or bacterial infections. The females were held in 25 
to 26%0 seawater until just prior to hatching of larvae. Samples 
of the egg mass were taken from each female and microscopically 
examined to determine the health and developmental stage of the 
embryos, as described by Costlow and Bookhout (1959). Other egg 
samples were incubated in 26%0 seawater in tissue culture cell wells 
at 25°C for use in estimating the hatching time for eggs remaining on 
the females. 

Female crabs were tranferred to a recirculating spawning tank 
adapted from the design by Middaugh and Hemmer (1984). Seawater 
of 26%0 was filtered to 0.45 ixm, heated to 25°C, and recirculated from 
a single holding tank with a 150 Ixm mesh nylon screen at the outflow 
through a biological filter. When eye pigment developed, the egg mass 
appeared black, and embryo heartbeats were observed prior to hatching. 
The resulting larvae were collected in the nylon screen and washed 
several times in filtered (0.45 ~m) 26%0 seawater. The positively 
phototactic response of the larvae was used to separate them into 
groups of approximately 100 for distribution among exposure con- 
tainers. 

Grass shrimp were collected in Pensacola Bay, Florida, in March, 
1994 at t7°C and 5%0 and acclimated to 25°C and 20%0 within 24 h 
of collection. Whenever young were needed for testing, a group of ten 
gravid females, with eggs at various stages of maturity, were placed 
in an aerated 30 gallon aquarium under static conditions in the dark. 
The larvae were collected the next day using a light source as an 
attractant. M. bahia (<- 24-h post-release) were obtained from labora- 
tory cultures maintained at 25°C and 20%0 salinity. 

Toxicant Exposure 

Sodium dodecyl sulfate (SDS) was obtained from Aldrich Chemical 
Co., Milwaukee, Wisconsin, at 99% purity. It was dissolved in deionized 
water to produce a stock concentration of 10,000 parts per million 
(rag/L). The required volume of stock solution was added to 200 ml 
of seawater of appropriate test salinities (blue crabs, 26%o, mysids and 
grass shrimp, 20%o) in 250-ml glass culture dishes to obtain the desired 
test concentration. Blue crab and grass shrimp larvae were exposed to 
nominal concentrations of 100, 50, 25, 12.5, and 6.25 mg/L SDS. 
Mysids were exposed to nominal concentrations of 50, 25, 12.5, 6.25, 
and 3.12 mg/L SDS. Test concentrations for mysid exposures were 
based on previous tests providing a 48-h LC50 of 12.3 mg/L SDS for 
5-day-old mysids. 

Biomass per animal differs substantially among species at these 
early life stages. To maintain comparable oxygen levels in the test 
conditions, a different number of animals was used in the exposure 
vessels. Twenty blue crab larvae or ten mysids or grass shrimp were 
exposed in each of two replicates of each concentration. 

Test containers were covered and placed on a rotary shaker table 
at 50 rpm and maintained at 25 _+ I°C with a 14-h lighffl0-h dark 
photoperiod. Mortality, temperature, salinity, pH, and dissolved oxygen 
were monitored daily. Because of cannibalism, mysids were fed a 
minimal amount of brine shrimp (Artemia) nauplii during the tests. 
All toxicity tests were terminated after 48 h. 

LC50s and 95 % confidence intervals were calculated by the binomial 
method (Stephan 1977). Comparison of LC50s among species was 

Table 1. 48-h LC50s for larval blue crabs, grass shrimp, and juvenile 
mysids exposed to sodium dodecyl sulfate 

Organism 48-h LC50 a Mean LC50 b 

Blue crabs 
Test 1 12 (6.2-25) 9.8 
Test 2 8.8 (6.2-12) 
Test 3 8.8 (6.2-12) 

Mysids 
Test 1 17 (12-25) 17 
Test 2 17 (12-25) 
Test 3 16 (12-25) 

Grass shrimp 
Test 1 32 (25-50) 34 
Test 2 35 (25-50) 
Test 3 34 (25-50) 

~Concentrations are in mg/L with confidence intervals in parentheses. 
LC50s within each species were calculated by the binomial method 
(Stephen 1977) 

. bAnalysis of variance and Duncan's Multiple Range testing of the 
computed LC50s indicated that all species responded significantly 
differently (c~ = 0.0001) from each other 

evaluated by Analysis of Variance and Duncan's Multiple Range tests 
(SAS Institute 1987). 

Results 

The pH of seawater  at the test initiation ranged from 8.0 to 
8.3. By test termination,  pH increased by 1 unit  or less in blue 
crab exposures,  0.4 unit  or less in mysid  tests, and 0.2 units or 
less in grass shrimp tests. Dissolved oxygen concentrat ions in 
the test vessels were well above A S T M  guidelines, averaging 
6.4 mg/L (range of 6.1 to 6.6) for blue crab, 6.25 mg/L (range 
of 4.8 to 7.3) for mysid, and 6.2 mg/L (range of 5.8 to 6.6) 
for grass shrimp tests. Control  animal  survival  throughout  the 

tests exceeded 95 percent. 
All tests were conducted with young from different females, 

and each test produced similar 48 h LC50s within each species, 
with the except ion of  grass shrimp. The grass shrimp LC50s 
ranged from 32 to 35 mg/L, with  a mean  of 34 mg/L (Table 
1). Newly released blue crab larvae were approximately twice 
as sensit ive as 24-h post-release mysids with an average LC50 
of 9.8 mg/L. However,  there was considerable  overlap in the 
95% confidence intervals. Mysids  (LC50 of 17 mg/L) were 
approximately three t imes as sensit ive as grass shrimp larvae, 
which had a mean  LC50 of 48 mg/L (Table 1). 

An analysis of  variance indicated that the mean  LC50s for 
each species exposed to SDS were significantly different 
(R = 0.0001). In fact, all three species were different f rom each 
other (Duncans Mult iple  Range test, p = 0.05). 

Discussion 

Availability of gravid blue crabs and their location at t ime of  
collection l imited the test salinity for this species. Blue crab 
larval tests were conducted at 26%~ salinity, the same as in 
waters f rom which  females were collected, to el iminate salinity 
stress of the embryos before testing. This salinity was higher  
than that used with mysid  or grass shr imp tests. 
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Feeding test animals during static exposures increases the 
likelihood of degraded water quality, e.g., some short-term tests 
are adversely affected by holding problems, metabolic buildup, 
or starvation stresses. Since this exposure lasted 48 h, it was 
not necessary to feed the grass shrimp and blue crabs. Our 
preliminary tests demonstrated that newly released blue crab 
larvae could survive up to 6 days without feeding, and grass 
shrimp could survive through their first molts without feeding. 
Thus, only mysids were fed. 

Although experiments by other researchers have examined 
the effects of contaminants on larval blue crabs, few data from 
the first 48-h post-hatch are available. Most studies examined 
endpoints beyond a 48-h time frame and up to 50 days after 
hatch (Bookhout and Costlow 1975; Bookhout et aI. 1979, 
1980, 1984). Also, these tests are labor intensive and time 
consuming, requiring daily handling and feeding. The present 
study allows a 48-h static toxicity test with newly released blue 
crab larvae, with no feeding and very little handling. Blue crab 
larvae were most sensitive to SDS, followed by mysids, and 
the least sensitive were grass shrimp (by five times). 

The low variability of blue crab test results from different 
females suggests that this technique provides results with high 
reproducibility. The results of the mysid and grass shrimp tests 
were likewise highly reproducible. 

Studies of toxic effects on crustaceans have indicated that 
the earliest life stages are often the most sensitive. Conner 
(1972) reported one to three orders of magnitude increased 
sensitivity in larvae of sand shrimp (Crangon crangon), green 
crabs ( Carcinus maenus) and European lobsters (Homarus gam- 
merus) to mercury, copper and zinc as compared to adults. 
Armstrong et al. (1976) documented three orders of magnitude 
difference between larval and adult stages of Dungeness crabs 
(Cancer magister) to methoxychlor, and Nimmo et al. (1971) 
found larval pink shrimp (Penaeus duorarum) to be three to 
ten times more sensitive than adults to Aroclor ® 1254. The 
data from this study indicate that the early life stage of blue 
crabs is likewise very sensitive to toxic materials. 

Blue crab larvae are generally planktonic, found drifting 
within the top 2 meters of offshore waters (Van Den Avyle and 
Fowler 1984; Sulkin and Van Heukelem 1982; Epifanio 1988). 
The early life stage of this species might be utilized to evaluate 
the effects of human activities, such as offshore drilling and 
industrial effluent discharge. Furthermore, they are representa- 
tive of commercially important species found in open water. 
Additional use of the blue crab larval toxicity test with a variety 
of toxicants (e.g., pesticides, heavy metals and organic com- 
pounds) would help to evaluate the breadth of sensitivity of 
this crab to toxic materials. Such studies would also enhance 
our ability to compare the sensitivity of this test to that using 
other species. 
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