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Methods
 Culturing: Six adult female blue crabs were caught via 

trawling in the lower Delaware Bay. Females were kept 
in separate containers (30 ppt), and upon hatching a 
sample of larvae (N~100) was taken and preserved. 
Larvae from each mother were split and put into either 
28 or 33ppt filtered seawater. All cultures were kept at 
28oC, sampled every 3 days, and fed a diet of rotifers, 
artemia, and copepods. 

 Imaging and Measuring: After culturing, sampled larvae 
were imaged from two perpendicular perspectives and 
their morphology was measured using ImageJ. The 
metrics measured characterized the size, shape, spine 
length and orientation, and swimming appendage length 
of each larvae. Using both perspectives derived metrics 
were calculated to characterize profile area, volume, 
Reynolds number, and drag forces of each larvae. 

Results
1) Individual broods have high or low variance 

depending on the metric.
2) Significant maternal effects were seen in both 

measured morphology (73%  of metrics) and derived 
metrics (100%).

3) Maternal carapace width and brood size did not 
correlate with brood differences

4) Larvae reared in lower salinity had significantly larger 
carapaces, maxillipeds, and  experienced drag force.

Conclusions
1) Maternal identity needs to be controlled for and 

many larvae need to be sampled in future 
experiments. 

2) Other maternal covariates (egg size, maternal 
nutrition, genetics) may explain maternal effects

3) After controlling for maternal effects, salinity still 
influences larval morphology after 22 days. 

4) Larvae grown in lower salinity develop body 
dimensions that would increase drag resistance as 
well as swimming ability.

5) Larvae survive in a salinity of 28, which may be an 
estuarine signal; larvae may respond by growing 
larger and sinking faster.

Figure 2: Violin plots of measured (A & B) and derived (C & D) metrics. Distribution of observations are represented by the width of each 
violin. White dots and black vertical lines show mean ± 95% CI, respectively. Black horizontal bars above show statistical groupings (Tukey’s 
Test, p<0.05). (ANOVA, A: p=2.27x10-7, B: p=0.00166, C: p=2.24x10-4, D: p=0.0242)

Figure 3: Differences in metrics related to size (A), swimming appendages (B), and derived 
physical parameters (C) for larvae from brood F2 after 22 days between both salinity 
treatments. Error bars represent one standard error. (* = p <0.1, ** = p < 0.05 ; t-test).

Figure 4: Measured morphologies for all larvae from dorsal view 
(A) and side view (B).  All larvae imaged under 15.75x magnification 
and calibrated with 1000 μm scale bars.
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Background

 Highly variable in adult blue crab abundance may be 
caused by high recruitment variability. Understanding the 
factors influencing larval survival and dispersal may help 
inform fluctuations in the fishery. 

 Larval survival is partially determined by morphology, 
which influences swimming and feeding, predation risk, 
and ultimately dispersal. 

 Larval culture experiments were done to test maternal 
and environmental drivers of morphological variability.

 Salinity influences crab larval development in other 
species and is variable in coastal environments.

 Crabs mate in single pairs and may produce 
morphologically distinct larvae.

Research Questions
1) How variable is morphology with a brood of larvae?

2) Do maternal effects influence larval morphology?

3) Does salinity influence larval morphology over 
development?

Figure 1: Model estimates of Delaware Bay blue crab 
recruitment (Figure from Wong, 2010).
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Metric
Adult 
CW Brood Size

Size

Carapace 
Length 0.1240 0.0083
Carapace 
Width 0.5390 0.0800
Carapace 
Height 0.1160 0.0028
Abdomen 
Length 0.0058 0.0052
Abdomen 
Width 0.4620 0.0049
Abdomen 
Height 0.2860 0.1770
Total Length 0.0007 0.0337

Spines

Rostrum Length 0.0206 0.0926
Dorsal Spine 
Length 0.0196 0.0479
Rostral-Dorsal 
Length (RDL) 0.0000 0.0002

Swimming
Length Setae 0.0000 0.3150
Length 
Maxilliped 0.0517 0.0061

2D
Top Cross-
Sectional Area 0.3480 0.0131

3D Total Volume 0.2140 0.0009

Reynolds 
Number

Re- RDL 0.0000 0.0002
Re - Carapace 
Height 0.1160 0.0028

Drag
Cd - Top 0.0132 0.0004

Fd - Top 0.2160 0.0116

Table 1: Results from regressions (N=6) 
between maternal carapace width (CW), and 
brood size against measured and derived 

metrics by brood. Bold indicate p<0.1.
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