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Touch sensation: Convergent mechanical sensitivity 
between elephant and rat whiskers
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New work reveals that elephant whiskers, also known as vibrissae, have elliptical, stiff, and porous bases 
along with soft tips. This contrasts with the uniform, highly tapered nature of rodent vibrissae. 
Nonetheless, these differences in design lead to similar mechanical sensitivity to vibrissa-based touch.

Touch at a distance, which animals 

perform through long, inert hairs called 

vibrissae or whiskers, provides a measure 

of safety, efficiency, and even improved 

spatial resolution compared to touch 

directly on the skin. The stem group for 

Mammaliaformes developed the genetic 

underpinnings and the skull structure for 

facial vibrissae in the middle Triassic 

period (∼240 Mya). Despite having 

diverged from the early placental 

mammals along the phylogenetic tree 

approximately 100 Mya, and 

notwithstanding a more than 10,000-fold 

difference in their body volumes, 

elephants and rats have vibrissae of 

approximately similar length (Figure 1A). 

To navigate within their natural habitats of 

narrow underground burrows, rodents 

actively and rhythmically palpate with 

their vibrissae to identify the texture of 

their surroundings and localize objects 

within a few centimeters’ reach of the 

vibrissae 1–4 . Most other mammals, 

including non-human primates, have

passive vibrissa systems adapted for 

different needs of tactile interactions with 

their environments. Seals use vibrissa to 

detect minute water movements 5 

because visual and auditory information 

can be unreliable underwater. Nocturnal 

animals such as cats use their vibrissae to 

detect objects at short range and navigate 

in low-light conditions. It is reasonable to 

conjecture that elephants use their 

vibrissa, which lie along the posterior and 

lateral sides of their trunks, to detect 

surfaces as they actively contort and 

sway their trunks.

A recent article 6 published in Science 

from Katherine Kuchenbecker’s group 

reports on the morphology and 

mechanics of elephant vibrissae and 

highlights how material properties 

influence tactile sensitivity and 

endurance. In gross form, elephant 

vibrissae have a substantially smaller 

geometric taper for their length compared 

to the popularly studied vibrissae from 

rodents 7 and even seals 5 (Figure 1B).

Kuchenbecker’s group probed the value 

and spatial distribution of four material 

properties of vibrissae originating at the 

distal end of the trunk of Asian elephants 

(Figure 1C). They report on: porosity along 

the shaft, as measured using scanning 

electron microscopy (SEM) and 

computed x-ray tomography; elasticity, 

as quantified by Young’s modulus and 

probed by nanoindentation; geometric 

taper, as measured using SEM; and 

circular through elliptical cross-sections 

from the base to the tip of the vibrissa, as 

measured using SEM. These authors 

concluded that elephant vibrissae have: 

an 80% porous base, with hollow 

channels that span halfway up the length 

of the vibrissa; a stiff base and a soft tip, 

where the Young’s modulus at the tip is 

100-fold smaller than at the base; a 

geometric taper where the radius of the 

base is threefold greater than that at the 

tip; and cross-sections that vary from 

circular to elliptical, where the ratio of the 

major and minor axes varies from 1:1 to
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3:1 across the ensemble of elephant 

vibrissae. In contrast, vibrissae from 

rodents are highly tapered, with roughly a 

20:1 difference in radius from base to tip,

and have an almost-conical shape 8 

(Figure 1C). Taken together, 

Kuchenbecker’s measurements of these 

quantities 6 , which were also performed

for mouse vibrissae, set the stage for a 

mechanics-based analysis of the relative 

stiffness and bending moment of elephant 

versus murine vibrissae.

The vibrissae of the Asian elephant 

differ in material and dimensional 

properties from those of the rat

(Figure 1C). Yet, only the amalgam of 

physical parameters is important to 

determine the sensitivity to distant touch. 

A derived quantity that underlies all 

mechanical measures of sensitivity is the 

bending stiffness of the vibrissa, which 

will vary along the length of the shaft. 

Stiffness determines the resistance to 

bending and depends on radius, porosity, 

and Young’s elastic modulus (Figure 1C). 

Here we set out to evaluate the 

comparative stiffness between rat and 

elephant vibrissae, taking both vibrissae 

to have the same length, which is close to 

the natural case, and a circular cross-

section. As the elephant vibrissa is 10-fold 

thicker at the base, we scale the radius of 

the elephant vibrissa to have the same 

thickness at the base as that of the rat 

vibrissa. The profiles of porosity, elastic 

modulus, and taper were unchanged 

(Figure 1C), so that the comparison is 

between two vibrissae of the same length 

and thickness at the base but realized 

with different material and dimensional 

properties. It is remarkable that the 

derived values for the stiffness of the 

scaled-elephant and the rat vibrissae are 

close or overlapping in value along 

essentially the entire length of their shafts 

(Figure 1C). This convergence to a similar 

profile of stiffness versus position shows 

that mechanical differences in materials 

between elephant and rat vibrissae are 

offset by differences in the gradient of 

material properties and the taper of the 

vibrissae. For the elephant vibrissa,

the gradient in porosity counteracts the 

gradient in elastic modulus and leads to 

smaller stiffness at the base. Furthermore, 

the gradient in elasticity also 

compensates for the lack of taper and 

leads to a reduced stiffness at the tip. For 

the rat vibrissa, the greater geometric 

taper drives the decrease in stiffness from 

base to tip.

We then calculated the reaction torque 

of the vibrissae to distant touch at 

different locations along the shaft. The 

reaction forces induced by this torque are 

sensed by mechanosensory neurons 

within the follicle 9,10 and drive spiking by
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Figure 1. Material and morphometric properties of different vibrissae and their response to 
touch.

(A) Images of vibrissae. (Left) Tip of an Asian elephant’s trunk and (right) the mystacial pad of a rat. Trunk 
image reused from 15 and rat image reused from 9 (CC BY 4.0). (B) Relationship between taper ratio and 
vibrissa length across species. Scatter plot of taper ratio (r base /r tip ) as a function of vibrissa length. Data 
from mice (triangles) 16 and rats (circles) 17 are color-coded by whisker columns (inset). Additional

species are overlaid for comparison: Asian elephant (blue diamond) 6 , African elephant (red diamond) 15 ,

gray seal (blue triangle) 18 , white-toothed shrew (green triangle) 19 , and the domestic cat (magenta 
triangle) 20 . (C) Mechanical properties of vibrissae from rat (black) and elephant (purple). From top to 
bottom: porosity, p(s), which is a function of arc length s along the vibrissa shaft and is variable for 
elephant vibrissae but is constant for rat vibrissae; Young’s modulus, E(s), which is variable for 
elephant vibrissae but is constant for rat vibrissae; vibrissa radius, r(s), which is ‘exact’ for the rat but 
scaled for the elephant so that the rat and the elephant have the same radius at their base, yet we 
respect the difference in taper (approximately 19:1 for rat and 3:1 for elephant). The stiffness is derived 
as E(s)I a (s). The area moment of inertia I a (s) is calculated assuming that a vibrissa cross-section is 
equivalent to that of a pipe with outer and inner radii of r and r in , respectively, where the inner radius is
r in = r

̅̅̅
p

√ 
and I a (s) = (π =4) 

( 
r 4 − r4

in

) 
12 . Porosity is incorporated through the equivalent hollow rod.

All vibrissae lengths are 53 mm, r base = 105 μm and r tip = 5.5 μm for the rat, and r base = 105 μm and 
r tip = 35 μm for the scaled elephant. (D) The bending torque for mechanical activation of rat and scaled 
elephant vibrissae is pushed into a pole for the rat, elephant, and scaled elephant vibrissae. For 
contact with a pole, the vibrissa is pushed with an angle at the base of 10 ◦ into a pole with radius of 
250 μm. The torque is plotted as a function of the distance (d) between the vibrissa base and the center 
of the pole. The distance d and the arc length s are related 13 . The lines end when d is smaller than the 
vibrissa length, s, because of slip-off. For transformation of vibration at the tip to a torque at the base, 
the bending torque is estimated from dynamic finite element analysis (FEA) in response to a momentary 
displacement of 100 μm at a location from the base, s, where s = d for the assumed straight vibrissa, at 
time t = 0, followed by free vibration. The FEA model, written in Abaqus and executed using 
Abaqus2Matlab, was adapted from Schulz et al. 6 , where the undulations in the reaction force are 
expressed as the sum of sinusoids of unique eigenmodes.

R438 Current Biology 36, R430–R449, May 18, 2026

ll
Dispatches

https://creativecommons.org/licenses/by/4.0/deed.en


trigeminal sensory neurons 11 . The 

reaction torque was evaluated in two 

ways (Figure 1D). The first, a quasi-static 

approach, assumed that the vibrissae 

reached a steady-state position at every 

instant following contact, where bending 

during contact causes the base of the 

vibrissae to slowly move and rotate 12 . The 

estimated reaction torques from the 

scaled-elephant and rat vibrissae are 

close, within a factor of two, for contact at 

all locations along the shaft except the tip 

(Figure 1D). This analysis also 

demonstrates that the vibrissa will slip off 

the object before the contact point 

reaches the tip or full length of the 

vibrissa. Slip-off occurs for more proximal 

objects with the highly tapered rat 

vibrissa, which is particularly effective in 

producing stick–slip events that are 

essential for texture characterization 13,14 .

The second analysis, a dynamic 

approach, evaluated the transformation 

of the natural vibration of the tip to a 

vibratory reaction torque at the base. 

Here the scaled-elephant vibrissa had 

roughly a twofold lower torque at the base 

compared to that of the rat vibrissa 

(Figure 1D). The elasticity gradient 

increased the difference in amplitude of 

the vibrations when contacted at different 

positions along the vibrissa shaft, 

improving the gradient in sensitivity

so that rat and elephant vibrissae had 

equal reaction torques at their tips 

(Figure 1D). All told, these results 

support convergent evolution to a 

common mechanical sensitivity to distant 

touch.

For the ‘real’, full-size elephant vibrissa, 

the reaction torque at the base is more 

than 100-fold greater in both quasi-static 

and dynamic analyses. Nonetheless, the 

slope of the reaction force versus contact 

position remains the same as that for a 

scaled-elephant vibrissa, suggesting that 

the sensitivity is dominated by the relative 

gradients in geometry and elasticity as 

opposed to absolute size. Further, while 

the reaction force from ellipsoidal 

vibrissae contacted at the horizontal 

versus vertical orientation creates a 10-

fold difference in the value of the reaction 

torque at the base, the fractional 

sensitivity to a change in reaction torque 

along the shaft is the same for horizontally 

oriented ellipsoidal, vertically oriented 

ellipsoidal, and round vibrissae. Thus, the 

ellipsoidal feature of elephant vibrissae

appears not to aid in discrimination by 

distant touch.

Parallel evolution in the design of the 

elephant and the rat vibrissae may 

optimize for more than sensitivity to 

touch. First, while most mammals regrow 

their vibrissae robustly after loss, elephant 

vibrissae do not regrow 15 . Second, 

whereas active sensing in elephants does 

not involve active whisking of individual 

vibrissae, elephant vibrissae operate as 

passive tactile sensors embedded within 

a highly flexible and mobile trunk and 

encounter forces that are orders of 

magnitude larger than the forces 

encountered by rodent vibrissae. Thus, 

the low taper, elliptical shape, and high 

porosity at the base, which decreases the 

sensitivity to touch, could have developed 

for improving the resistance of elephant 

vibrissae to wear and loss. What makes 

elephant vibrissae remarkable is that an 

elastic gradient compensates for the lack 

of taper in the scaled vibrissae and that 

ellipticity does not affect the ratio of 

torques in the analysis of distant touch. All 

told, the new precision measurements 6 

(Figure 1C) and analysis (Figure 1C,D) 

highlight how the material and 

morphological properties of vibrissae 

from disparate species provide insight 

into nature’s design of appendages to 

sense distant touch.
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