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Silk-like secretion from tarantula feet

An unsuspected attachment mechanism may help these huge spiders to avoid catastrophic falls.

Spiders spin silk from specialized structures
known as abdominal spinnerets — a defin-
ing feature of the creatures"? — and this is
deployed to capture prey, protect themselves,
reproduce and disperse. Here we show that
zebra tarantulas (Aphonopelma seemanni)
from Costa Rica also secrete silk from their feet
to provide adhesion during locomotion, ena-
bling these spiders to cling to smooth vertical
surfaces. Our discovery that silk is produced
by the feet provides a new perspective on the
origin and diversification of spider silk.

Spider feet have a ‘dry’ attachment system
that relies on van der Waals forces generated
by thousands of spatulate hairs’. Additionally,
small distal claws enhance adhesion to rough
surfaces by mechanically interlocking with the
substrate. We have discovered that the taran-
tula A. seemanni (Fig. 1) has a third attachment
mechanism, which depends on fibres exuded
from nozzle-like structures on its feet. These
fibrous secretions (Fig. 2) function as silken
tethers and, when laid down on glass plates,
appear as ‘footprints that consist of dozens of
fibres with diameters of 0.2-1.0 micrometres
and lengths of 100-2,500 micrometres (for
details of analyses, see supplementary infor-
mation).

Individual tarsal silk fibres often start as a
flattened plaque. This seems to be secreted as
aviscous fluid that solidifies, gluing the thread
to the substrate. The function and morphol-
ogy of the tarantula’s tarsal silk resembles the
adhesive agent produced by the spinnerets of
the spider Antrodiaetus unicolor", as well as the
attachment (pyriform) silk that many spiders
use to cement their draglines to substrates™.

We induced A. seemanni to walk on vertical
glass surfaces in order to observe the contact
mechanics of this challenging locomotion.
When walking up vertical planes, the spider
attached only the distal parts of its tarsi to the
substrate. As it started to slip down the glass,
silk produced by the tarsal spigots on all four
pairs of legs arrested the spider’s descent and
allowed it to remain attached to the vertical
surface. The spider’s feet were positioned such
that the silk-producing spigots were in contact
with the glass, while the dense setae in adjacent
regions were held off the surface.

Our discovery of secreted tarsal silk forces
a reconsideration of the evolution of spider
silks"*. Depending on its distribution across
spider phylogeny, tarsal synthesis of silk could
represent the ancestral condition, with silk

Figure 1| Costa Rican zebra tarantula,
Aphonopelma seemanni. Female, anterior view.
Scale bar, 5 mm.

Figure 2 | Tarsal silk production by the spider
Aphonopelma seemanni. a, Fibres left behind
(arrowheads) by a spider sliding down a vertical
glass surface. Black arrow indicates direction of
sliding. The spherical structures are the distal
part of the tarsus (scopula), covered with hairs
and spigots. b, Traces left by the tarsus of a spider
walking on a coverslip. ¢, Single fibres observed
by cryoscanning electron microscopy. d, Tip of a
tarsal spigot with the opening obstructed by silk.
e, Tarsal spigot broken near the base. Scale bars:
a,500 um; b, 10 pm; ¢, 1 um; d, 2 pm; e, 5 pm.

production from abdominal spinnerets evolv-
ing later. Alternatively, because the tarantula
clade (Theraphosidae) is a species-rich group
that includes the largest known spiders’, tarsal
production of silk may have evolved independ-
ently as a key innovation to enhance locomotor
ability and avert catastrophic falls.

Both evolutionary hypotheses are consist-
ent with the homology of legs and spinnerets
as arthropod appendages">®. Regardless of
whether tarsal silk production is ancestral
or secondarily derived, the silk-producing
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apparatus of spiders seems to be controlled by
developmental modules that can be expressed
in a variety of body parts.

Investigation of the genes involved in tar-
sal silk production should resolve whether
the original function of spider silk was to
increase traction or whether it was later co-
opted for that purpose. Spinneret silk proteins
are encoded by a gene family that has evolved
through a series of gene duplications and sub-
sequent modifications for particular tasks’"".
If tarsal silks belong to the same gene family,
then comparison of tarsal and spinneret silks
should help our understanding of the ancestral
function and composition of spider silk.
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