
Development of the giant-axon sheaths in larval lobsters, Homarus americanus 
 

Daniel K. Hartline 1,2 and Jennifer Kong 1 
1 Pacific Biosciences Research Center, University of Hawaii at Manoa, Honolulu, HI 96822 
2Mt. Desert Island Biological Laboratory, Old Bar Harbor Road, Salisbury Cove, ME 04672 

 
Survival in many animals depends on short reaction times to predatory attack.  Decapod 

crustaceans have evolved two axonal modifications that decrease response times:  axonal gigantism 
and axonal myelination 2.  Gigantism operates by reducing the internal resistance of the axoplasm, 
while myelination reduces trans-fiber capacitance and leak conductance. Both increase the length 
constant and decrease the charging time of axonal membrane and hence increase conduction speed. 
Benthic-living adult lobsters utilize axonal gigantism but not myelination as a mechanism for 
increasing conduction speed 1.  On the other hand, adults of the more pelagic decapod shrimp utilize a 
combination of axonal gigantism and myelination 4,5.  The more exposed life-style of pelagic 
organisms may favor the evolution or retention of conduction-speed-enhancing features.  Lobsters 
undergo a planktonic larval phase in which they are especially susceptible to predation.  We thus 
wondered whether lobster larvae would exhibit more pronounced conduction-speed-enhancing features 
than the adults.  We approached this problem using transmission electron microscopy (TEM) of the 
axons of the ventral nerve cord of lobsters. 

 
Larval lobsters (Homarus americanus) were obtained from the Zone C Lobster Hatchery 

(Stonington, ME).  Cuticles of specimens were breached with iridectomy scissors in shrimp saline to 
facilitate penetration of reagents, then transferred to cold fixative composed of 4% glutaraldedhyde in 
0.1M sodium cacodylate buffer, pH 7.4, with 2 mM CaCl2 and 0.24M sucrose.  They were fixed for 3+ 
hrs at room temperature or overnight at 4ºC, transferred to 0.2M phosphate buffer (Sorensen’s), 
shipped cold to Hawaii where they were post-fixed in buffered 1% OsO4 for 1 – 2 hrs, dehydrated in a 
graded ethanol series and propylene oxide, and then embedded in LX-112 epoxy resin.  After resin 
polymerization, ultrathin (75-90 nm) sections were taken, double-stained with uranyl acetate and lead 
citrate, and photographed in a LEO912 EF transmission electron microscope at 100 kV. 

 
The ventral nerve cord (VNC) from the abdomen of adult lobsters is characterized by two pairs of 

giant axons, heavily-ensheathed by many alternating layers of glia and electron-dense extracellular 
matrix (dm: Fig. 1A).  In contrast, the Stage I lobsters (<1 day old; Fig. 1B) had only a single pair of 
medial giants (mg), with a relatively simple glial enseathment (gc).  Several mitochondria (mt) were 
located near the interior face of the axolemma, as they are in adults.  Flattened sub-axolemmal 
cisternae were also noted.  The axon was surrounded by just a few (~3-4) layers of glial cytoplasm, 
sometimes with extracellular matrix between layers.  Glial cytoplasm was more electron dense than the 
extracellular material, the reverse of the situation in the adult.  Numerous ribosomes, 15-20 nm in 
diameter,  bordered the glial endoplasmic reticulum.  In older stages, the sheath thickened and 
generated more extracellular matrix, becoming progressively more complex by Stage III (pre-settling: 
Fig. 1C).   Glial cells with light cytoplasm occurred along side those with dark cytoplasm.  Fewer 
ribosomes were evident in the glial sheath.  There was still only a single pair of giant axons in the 
anterior abdomen of Stage III lobsters.  There were no signs of the features that characterize shrimp 
myelin in any of the stages examined (condensed membranes, seams, radial attachment zones 3). 

 
We conclude that larval lobsters appear to rely on axonal gigantism and not myelination as their 

primary mechanism for rapid conduction of impulses in escape responses from predators. 
 



 
Fig. 1.  Transmission electron micrographs of the medial giant axons in the ventral nerve cord of lobsters of different 
stages.  (A) adult; (B) stage I (C) stage III.  Rectangles in the images in the left column are enlarged in the right 
column.  Note the absence of features that are characteristic of myelin sheaths in decapod shrimp in any stage. 
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