
Spiders spin silk from specialized structures 
known as abdominal spinnerets — a defin-
ing feature of the creatures1,2 — 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 hairs3. 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 
a viscous 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 unicolor4, as well as the 
attachment (pyriform) silk that many spiders 
use to cement their draglines to substrates2.

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 
silks1,5,6. Depending on its distribution across 
spider phylogeny, tarsal synthesis of silk could 
represent the ancestral condition, with silk 

production from abdominal spinnerets evolv-
ing later. Alternatively, because the tarantula 
clade (Theraphosidae) is a species-rich group 
that includes the largest known spiders7, 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 appendages1,5,8. Regardless of 
whether tarsal silk production is ancestral 
or secondarily derived, the silk-producing 

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 tasks9–11. 
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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Silk-like secretion from tarantula feet
An unsuspected attachment mechanism may help these huge spiders to avoid catastrophic falls.

a b

c d

e

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. c, 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 µm; b, 10 µm; c, 1 µm; d, 2 µm; e, 5 µm.

S.
 N

IE
D

ER
EG

G
ER

407

BRIEF COMMUNICATIONS

NATURE|Vol 443|28 September 2006

���������	�
���
��������� ��������������������

Nature  Publishing Group ©2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


