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Vibration Sensitivity in an Orb-weaver

ALFRED FINCK

Department of Psychology, Temple University, Philadelphia, Pennsylvania 19122

SYNOPSIS. Eleotrophysiological activity is recorded from the ventral nerve mass of A.
diademalus in response to direct vibration of the leg. Measurements taken under
varied frequency and intensity conditions indicate that response maxima are in the
region of 100 hertz with a threshold sensitivity less than 100 A- The frequency
response of the spiders leg does not correspond well to the frequency response of its
web in a sound field.

Chrysanthus (1953) reviews a pic-
turesque literature in which spiders were
observed, in the 17th and 18th centuries, to
respond to a variety of musical instru-
ments. Thus, the harpsichord, bagpipes,
the violin lute, and later, the guitar were
all effective in producing a behavioral re-
sponse. He notes that Peckham and Peck-
ham (1887) suggested that the orb-weaver
was less responsive to air conducted sound
than to direct web vibrations, and that
Fabre (1905) observed Araneus angulatus
indifferent to crowds, fireworks and music
during a country fair.

Grunbaum (1927) elicited a startle-like
reflex when a tuning fork was held near
the spider's body. Rovner (1967) showed
that wolf spiders responded to airborne
stridulation stimuli. Frings and Frings
(1966) in an extensive study of spider

hearing, showed that motor activity could
be evoked from orb-weavers (Araneus
cavaticus, Argiope aurantia, and Argiope
avara) removed from their webs. Tones
between 100 and 3000 hertz were effective
in their study when stimulus intensity
levels in the near field were between 90
and 122 db, SPL. It seems clear, then, that
the spider can respond to both air- and
web-conducted energy, but for the orb-
weaver rather intense sound stimulation
must be employed.

The web can be viewed as having an
ancillary function which serves to convey
information to the animal as well as to
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ensnare its prey. Properly, the web and the
spider are a unity. It is useful, however, to
consider the operating characteristics of
spiders and their webs separately. Oper-
ating characteristics include such parame-
ters as frequency response, dynamic range,
adaptation, habituation, and learning.
Viewed in these terms the web and the
spider comprise a sensory and detector sys-
tem which might be analogous to the coch-
lear/conductive systems of vertebrates.
Whether the web can function as a kind of
tympanum conducting air vibrations t'o
the spider is not known. Finck et al.
(1970) found that the resonance of the
web of Araneus diadematus in a sound
field, measured at the hub, was near 25
hertz. It is not known whether the fre-
quency sensitivity of the spider itself corre-
sponds to this value. The present experi-
ment' reports the frequency sensitivity of
the leg. An electrophysiological response is
employed and the data are related to
resonant properties of the web of the spe-
cies.

Spiders were lightly anesthetized with
carbon dioxide and fixed to the end of a
matchstick with Thermogripr cement.
Tungsten electrodes were then driven
through tlie carapace by micromanipula-
tors and directed to the ventral neural
mass. According to Babu (1965, 1967) the
sensory nerves for each leg are well rep-
resented in the suboesophageal ganglia of
arachnids. Electrodes were placed under
visual control and confirmation of the re-
cording locus was attempted in some ani-
mals by means of gross dissection. The in-
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ternal fluid pressure of the spider is ex-
tremely high. Fortunately the shaft of trie
electrode sealed the hole made in the cara-
pace. Reversals in electrode direction were
never done and the preparation was dis-
carded when fluid leaks occurred.

A Pye-Ling/Goodmans vibrator deliv-
ered the stimulus directly to the tip of the
tarsus of the second, right leg (R2). The
vibrator has a displacement' and a peak
thrust which is virtually flat from DC to
near 10,000 hertz. The instrument has the
capability of providing a maximum thrust
of 2 pounds over a 0.1 inch displacement.
Together, the device which attached to the
spider leg and the leg itself weigh no
more than 30 grams. Therefore, the load
on the vibrator would have a negligible
effect on its impedance and, therefore, its
frequency response.

Because vibratory stimuli were employed
in the present work, there was special
concern over possible movement of the
electrodes and consequent electrical arti-
facts. When electrodes were placed on the
surface of the carapace, potentials were not
evoked by the st'rongest stimuli employed.
Electrical responses from the spider ner-
vous system (EVP, evoked vibratory poten-
tial) disappeared upon the death of the
animal.

The stimuli consisted of pulsed sinusoids
of 50 msec duration with a 5 msec rise-
decay time. These were delivered directly
to the tarsal tip of the leg, which was
partially extended. The electrical poten-
tials were amplified by a Tektronix low-
level, differential preamplifier with a pass-
band of 0.6 to 6000 hertz. These signals
were then delivered to an averaging com-
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FIG. 1. Schematic diagram of the instrumentation.

S704
FIG. 2. The evoked vibratory potential (EVP)
from A. diadematus for six stimulus intensities.

puter (Nuclear Data/ND-800) for further
processing. Figure 1 shows a schematic
diagram of the stimulus delivery and re-
sponse recording system employed in this
study.

Determination of vibration sensitivity of
A. diadematus was accomplished by aver-
aging the evoked potentials to vibratory
pulses at several frequencies, 32 pulses
were presented for each EVP. An attempt
was also made to assess the dynamic range
of the leg response by varying pulse-
intensity systematically.

Figure 2 shows the potentials recorded
from the ventral nerve mass at six different
intensities of a 100 hertz pulse. The po-
tential is seen as initially negative-going
with a latency of about 10 msec post stimu-
lus. The amplitude peak is reached after
-j-50 msec. The response is seen to decrease
in amplitude when the stimulus is attenu-
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FIG. 3. EVP amplitude as a function of stimulus
intensity for a frequency of 100 hertz.

ated. The latency of the response also in-
creases at the lower intensity levels. In the
region of 50-60 db the EVP appears flat.
Thus the threshold, using a visual cri-
terion, is 40 to 50 db below 100 db. Cali-
bration of the vibrator displacement was
consistent with a linear transducer. Ex-
trapolation of the peak-to-peak displace-
ment yielded a figure of less than 100 ang-
strom units at the threshold value.

Intensity functions for three animals are
presented in Figure 3. The ordinate shows
the EVP in peak amplitude and the ab-
scissa intensity in db relative to 1 volt. One
volt at' 100 hertz was a displacement of 20
microns peak-to-peak. The intensity func-
tions are similar for the different animals.
They show that the dynamic range of trie
response to vibration is at least 50 db and
possibly greater. These functions at 100 db
(20 microns) have not yet reached the
asymptote commonly observed in sensory
growth curves. The threshold for spider
704 is estimated, by extrapolation, to be on
the order of 6 angstrom units.

Figure 4 presents the EVP for spider 700
at several different stimulus frequencies.
A constant displacement of 20 microns
(100 db) was produced for leg R2. This
was done 32 times at each of six different
frequencies. The data show that' the leg
was relatively insensitive to frequencies
above 200 hertz. The maximum response

amplitude appears to obtain in a region of
150 hertz with a decrease in elevation for
the lower frequencies. A plot of EVP am-
plitude as a function of stimulus frequency
is presented in Figure 5. These data were
obtained under intensity conditions of 90
db. This intensity level was chosen in or-
der to insure a broad estimate of the fre-
quency capabilities of the spider leg and
with the hope of minimizing distortion
products present in all mechanical systems.
Spider 701 yielded response amplitudes
which were a maximum when the stimulus
was in the region of 100 hertz. The leg of
spider 704 was "tuned" in the region of 70
hertz and that of 707 in the region of 150
hertz.

Electrical responses taken from a region
of the ventral nerve mass of A. diadematus
indicate a sense system tuned to a restrict-
ed band of frequencies. The center of the
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FIG. 4. The evoked vibratory potential (EVP) from
A. diadematus for six stimulus frequencies.
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FIG. 5. EVP amplitude as a function of stimulus
frequency for an intensity of 90 db, re: 20 microns.

band is approximately 100 hertz. At this
frequency the absolute sensitivity of one
leg of the spider occurs to a displacement
of less than 100 angstrom units. The com-
mon house spider Achaearanea tepidari-
ourum, whose efficient web is not an orb,
also exhibits exquisite sensitivity. Walcott
and Van der Kloot (1959) indicated thresh-
old displacements of 25 angstrom units
but for higher frequencies than those re-
ported in the present study. There is evi-
dence from field and laboratory observa-
tions arguing for the good hearing of the
house spider, wolf spider, and others. Why
then the intense sound fields required by
"de-webbed" orb-weavers (Frings and
Frings, 1966) ? This may be due to the
characteristics of the vibration receptor(s).
Or, perhaps, the impedance of the vibra-
tion sense organ of the orb weaver is not
well matched to the air. Thus, moderate
sound levels fail to stimulate the sensitive
mechanism of the leg.

According t'o Autrum (1963), spiders
have two of the basic vibration detectors
found in invertebrates: trichobothria and
lyriform organs. Walcott and Van der
Kloot (1959) reported a frequency re-
sponse range of 20 to 45,000 hertz in the
dissected leg of the house spider. Walcott
(1969) found that single receptor units on

the leg responded from 100 to more than
10,000 hertz. The present observations in-

dicate that it is very unlikely that the orb-
weaver can respond to this range of fre-
quencies. Foelix (1970) observed a single
slit sense organ on the tarsus of A. diade-
matus and lyriform organs near the meta-
tarsal joint. If the lyriform is an important
vibratory sense organ it would seem that
substantial differences obtain between
those of the orb-weaver and the complex
web-weaver.

Trichobothria appear to demonstrate a
frequency response in the range found in
the present study. Babu and Reddy (1967)
studied unit responses from the scorpion
sensory hair and observed an 100 hertz
maximum. Examination of the data pre-
sented by Goerner (1965) on trichobothria
suggest that they respond to low fre-
quencies as well as having phasic and di-
rectional response characteristics. These
features are also outstanding characteristics
of the sense elements comprising verte-
brate stato-acoustic systems.

With respect to the hypothesis that the
orb-web aids in the transduction of acous-
tic energy, research by Finck et al. (1970)
is relevant. Vibration amplitudes were
measured at the hub of webs constructed
by A. diadematus in response to acoustic
stimulation. Figure 6 contrasts the resonant
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FIG. 0. A comparison of web frequency response in
a sound field (Finck et al., 1970) to spider leg
frequency response to direct vibration.
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characteristic o[ a typical web in their
study with the resonance of the spi-
der leg in the present study. The spider leg
range is given as the frequency response
in hertz, 3 db down relative to an estimate
of center frequency (f0). These data show
a clear separation between the peak
resonance of the web in response to an air
delivered stimulus and the spider response
to direct vibration. In the region of 100
hertz where the orb-weaver response sensi-
tivity is quite good, the web vibration am-
plitudes are minute. Frings and Frings
(1966) concluded that the orb-weaver could
respond to airborne sounds without the
intervention of the web as a transducer.
The response of the leg directly stimulated
contrasted with the data on web resonance
indicates that the orb-web, however sensi-
tive to direct vibration, does not function
as an acoustic transformer in the frequency
range required by the spider. This conclu-
sion would imply that the orb-web does
not aid in signalling the approach of a
flying insect.
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