
 
Fig. 1 Maximum axonal CV for a range of animal sizes. 
 

 
Fig. 2 Scanning electron microscope images of partial nerve sections. 
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INTRODUCTION 

Sensorimotor control of movement fundamentally influ-

ences animal behaviour and is greatly affected by two 

factors – the time it takes for an animal to sense and re-

spond to stimuli (responsiveness), and the ability of an 

animal to distinguish between sensory stimuli and gener-

ate graded muscle forces (resolution) [1]. If all other 

factors are equal, responsiveness is proportional to axonal 

conduction velocity (CV), which is in turn proportional to 

axon diameter (d) [2]. Similarly, resolution is proportional 

to axonal density, i.e. the number of axons (N) that inner-

vate a unit volume. Nerve cross-sectional area (CSA) is a 

combination of these two factors, so a nerve of constant 

CSA must decrease N, and thus resolution, in order to 

increase responsiveness by increasing d. 
 

As animal size increases, the tradeoff between respon-

siveness and resolution becomes more acute. Most terres-

trial mammals are approximately geometrically similar – 

animal mass increases proportional to the cube of linear 

dimensions such as leg length (L) [3]. To maintain re-

sponsiveness, axonal CV must increase proportional to 

leg length ( Ld ∝ ). To maintain resolution, axon density 

must remain constant, and hence N must increase propor-

tional to mass ( 3
LN ∝ ). Therefore, to maintain both 

these factors, the total nerve CSA would need to increase 

proportional to the fifth power of leg length:  
5232               LCSALLCSANdCSA ∝�∝�∝  

To have the same responsiveness and resolution as a 

shrew, an elephant with a leg length of 2 m would require 

a sciatic nerve with the unrealistic diameter of almost 20 

m. The tradeoff between responsiveness and resolution 

would be ameliorated, but not solved, if N scaled with 

animal surface area rather than volume, and if the re-

quired response time scaled with relative frequency of 

movement rather than absolute time. 
 

Our purpose in this study was to investigate the relation-

ship between maximum axonal CV, axon diameter, and 

body size in terrestrial mammals. Due to the predicted 

tradeoff between responsiveness and resolution, we hy-

pothesized that conduction velocity and axon diameter – 

both measures of responsiveness – do not scale with ani-

mal size in a geometrically similar fashion.  
 

METHODS 

We first conducted a comprehensive literature review to 

identify maximum axonal CV values for animals ranging 

four orders of magnitude in size, then extended our data 

over an additional two orders of magnitude by including 

results from our previous study on an Asian elephant 

(Elephas maximus) [4] and conducting new experiments 

on least shrews (Cryptotis parva). We determined maxi-

mum axonal CV in the sciatic nerves of six shrews by 

stimulating at two sites along the sciatic nerve and re-

cording the resulting contractions of the medial gas-

trocnemius. The difference in onset of activity at the two 

stimulation sites divided by the distance between stimu-

lating electrodes gave the CV of the shrew, which we then 

corrected for temperature [5]. To find axon size in ele-

phant and shrew nerves, we obtained, fixed, and stained 

nerve samples, then imaged the embedded nerves at a 

magnification of 1665x under a scanning electron micro-

scope. 
 

RESULTS AND DISCUSSION 

We found a maximum shrew axonal CV of 37 ± 6 m/s, 

which when combined with elephant and literature data 

yields a relationship between mass (M) and axonal CV of  
02.005.0 ±

∝ MCV  (p=0.02). The very small scaling expo-

nent indicates that maximum axonal CV is nearly inde-

pendent of animal size, and significantly different than 

that predicted by geometric similarity (Fig. 1). Similarly, 

our initial measurements of axon size indicate that the 

largest elephant axons (15 �m) are only about twice the 

diameter of the largest shrew axons (9 �m; Fig. 2).  

 

Our findings show that maximum axonal CV and axon 
diameter do not change with animal size to the extent 

required to maintain sensorimotor responsiveness and 

resolution. Across a 100-fold increase in leg length, maxi-

mum axonal CV only doubles from 37 m/s in shrews to 

70 m/s in elephants. Consequently, the conduction delay 

in elephants is 50 times longer than in a shrew. Among 

other important biological and behavioral implications, 

relatively longer sensorimotor delays in large animals 

may make them more susceptible to perturbations, may 

limit their minimum ground contact times and thus maxi-

mum speeds, and may require large animals to rely more 

heavily on internal models to help estimate their current 

state, rather than depending upon feedback from simple 

spinal reflexes. 
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