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Fibre science

Supercontraction stress
in wet spider dragline

Unrestrained spider dragline ‘super-
contracts’ when it is wetted, causing
its length to shrink by about half and

its diameter to almost double1,2. Here 
we measure the supercontraction stresses 
generated upon initial exposure of spider
dragline to moisture and find that they are
transient, as well as being greater than 
previously estimated. Our findings cast
doubt on suggestions that supercontraction
may help to maintain tension in wet webs
and could limit the potential load-bearing
applications of silk and its analogues.

It has been proposed that wetting-
induced supercontraction of spider dragline
silk1–5 takes up slack in webs, restores web
shape and tension after prey capture, and
opposes extensional forces exerted by the
weight of precipitation on webs1,2,6,7, but
these suggestions were based on extrapolat-
ed estimates of supercontraction stresses.
However, advances in mechanical-testing
instrumentation now allow supercontrac-
tion stress and its time dependence to be
measured directly. 

Figure 1 shows the evolution and decay
of stress in a fixed length (30 mm) of 
Nephila clavipes dragline subjected to
increasing humidity. Weight gain due to
water absorbed by the sample makes a 
negligible contribution to the measured
stress. The first peak in the plot of stress
against time lies close to the yield strength
of N. clavipes dragline (measured in a sepa-
rate experiment at 30 7C, 60% relative
humidity and a strain rate of 1014 s11). A
material stressed beyond its yield strength 
is able to undergo bulk (visco)plastic flow.
If the intrinsic resistance to flow decreases
with time as a result of the plasticizing effect
of rising moisture content, yield will be 
followed by a drop in the stress/time plot
(which is what we find; Fig. 1). 

The ability of the stress subsequently to
increase once more depends on the inter-
play between three factors: the relationship
between moisture content and polymer-
chain mobility; the rate at which moisture-
enabled conformational changes can occur;
and the rate at which microstructural
rearrangement allows the supercontraction
stress to relax. Spiders may be able to con-
trol these effects through the relative
amounts of crystallizable and non-crystal-
lizable protein in their silk8, thereby opti-
mizing the fibre for use in a particular
environment. Our N. clavipes spiders were
collected in Gainesville, Florida, where the
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daily humidity range at any time of year 
can be as large as the range in our experi-
ments (US National Climatic Data Center,
www.ncdc.noaa.gov).

The maximum supercontraction stress
shown in Fig. 1 amounts to 22% of the
breaking strength of the material. This
result is inconsistent with estimates of the
maximum supercontraction stress for
dragline1,4, which is quoted as no more 
than 4.7% of the breaking strength.
Although those measurements were made
using dragline from a different spider
species (Araneus diadematus), the mechani-
cal properties of N. clavipes and A. diade-
matus dragline are comparable, differing by
no more than a factor of 1.5 (ref. 9). The
higher maximum supercontraction stress
recorded here reflects the fact that we 
measured instantaneous force directly and
continuously as humidity increased ––
rather than extrapolating the force indirect-
ly in a procedure that allows time for the
supercontraction stress to relax partially.

Figure 1 also indicates that tension cannot
be maintained indefinitely in a fixed length 
of wet dragline. After a total elapsed time of
less than 5 min, the stress relaxed to zero,
even though the humidity continued to 
rise. Although spiders might exploit super-
contraction to restore the shape of a web after
deformation by precipitation, wind or prey,
they cannot rely on it to compensate 
for continued loads applied to a wet web. 

Likewise, the technological applications
of fibres designed to mimic spider
dragline10 will be limited by stress relaxation
and creep. It will be necessary to keep the
fibres dry, for example by incorporating
them into a water-resistant matrix11, or to
eliminate moisture-sensitive sequences
from the protein12.
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Figure 1 Time-dependent supercontraction stress in spider dragline under conditions of increasing humidity. Dragline was reeled13 from

Nephila. clavipes at 1 cm s11, which corresponds roughly to the rate at which silk is spun during web construction. Spiders were not

anaesthe tized. The average cross-sectional area of dragline (used to convert force to stress) was estimated from diameter measurements

made using light microscopy1. Forces generated by supercontraction were measured using a 10-N load cell fitted to a MicroMat 200 tensile

tester (Micro Materials, Wrexham, UK). The tensile tester was housed in a benchtop environmental chamber supplied with recirculating air

by an atomizing humidifier. Humidity was increased as rapidly and as greatly as the equipment would allow at the set temperature of 30 7C;

the humidity increase is logarithmic over the timescale of the experiment. Further details are available from the authors.
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