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R. C. P. LnE1,s, M. NvrrELER2, E. KnrltNn3 & B. W. PENNvcoo<a
Department of Biology, Queen's University, Kingston, Ontario, Canada
Department of Entomology, ETH-Zentrum, CH-8092 Zurich
Biosystematics Research Institute, Agriculture Canada, Ottawa, Canada
Department of Music, Queen's University, Kingston, Ontario, Canada

Steatoda bipunctnta and S. borealis are two closely related species of spiders, which were entirely allo-
patric until approximately one hundred years ago, when S. bipunctal, was introduced into the range

of S. boreal*, where it has since spread. Reproductive isolation between the two species apparently
results from mechanical incompatibility of their copulatory organs. In this report, the stridulatory or-
gans of the males are described, and the sounds produced by males during sexual and agonistic behav-

iou. a.e analysed. The interspecific differences in the sounds are small compared with the range of
variation within the species.The stridulatory organs are extremely similar in the two species.There
is no evidence that diiferences in male sounds could be used as a cue for species recognition. This is

in contrast with species which have co-existed for longer periods, and which apparently use species-

specific sounds as recognition mechanisms.

Sound production in spiders has been known for a long time (e.g. Devrs, 1904;

Lauee, 1904; Pnelr-, 1916; Ar-r-nnD, 1936), but so far it has received relatively
little study. Several different mechanisms of sound production have been descri-
bed (e.g. RovNeR, 1980; Eowenps, 1981; IJptz& SlRA.rrloN, 1982). Questions
about the functional and evolutionary significance of these sounds may be asked,
notably about their roles in sex and species fecognition. Previously, experimental
work in this field has largely been conducted on lycosid spiders (RovNan' 1967,

1975; HnnnrsoN, 1969; BucrLe, 1972; SrnarroN & IJErz, 1981, 1983).
In this paper, sounds produced by theridiid spiders are described. Steatoda

bipunctata (L.) and S. borealß (HtNrz) afe two quite closely related species. The
external genital organs are very distinct, but otherwise there is no morphological
characteristic by which they may be distinguished. They are brown to almost
black coloured, with a shiny abdomen and a body length of up to 7 mm. S. bipunc-
tatais a native of Europe and parts of Asia (Wlrnr-e, 7937); S. borealß is native to
North America (Levt, 1957; GenrscH, 1979). The two species were thus allopat-
ric until the introduction of S. bipunctata to North America, probably in the late
nineteenth century. The present range of S. bipunctata covers parts of south-
eastern Canada and north-eastern U.S.A. It has apparently displaced S. borealis
in some localities on the east coast and along the St. Lawrence Seaway, but in ot-
her localities in the same region the two species currently co-exist in mixed popu-
lations (Nvrrer-en e t al. , 1986) .In 1983-1984 the ecology and behaviour of the two
species were studied at the Biosystematics Research Institute, Ottawa, with the

5 Present address: c/o Beech Court, Okehampton, Devon EX20 1LE, England
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aim of investigating the causes underlying the apparent displacemen't of S. borea-
/rs by S. bipunctata (Nvnner-nn et al., 1986).The two species were found to be ecolo-
gically highly similar, both being found in the same types of habitat (buildings,
tree trunks, rock crevices, etc.), sometimes together. In such mixed populations,
males of either species occasionally enter the webs of heterospecific females dur-
ing the courtship season. In the laboratory, such males will court heterospecific
females (Nvrrar-En et al., 1986).

The courtship of S. bipunctata has previously been described (GwrNNnn-
HaNre, 1970).The male enters the female's web, and initiates a display featuring
stridulation. This is a scratching sound produced by friction between structures on
the posterior cephalothorax and anterior abdodem.These sounds were estimated
to have fundamental frequencies between 800 and 1000 Hz.The sound of stridula-
tion elicits female receptivity, even if the male is outside the web. Males cannot
court successfully if the stridulatory organ is eliminated by a covering of lacquer.
Stridulation also occurs in male-male agonistic interactions.

The aim of the study presented here was to describe the stridulatory sounds
of S.bipunctataandS. borealßinmoredetailthanhithertoandtoseeiftherewere
any consistent differences between the stridulations of the two species, which
could play a role in species recognition.

METHOD

Spider Subject Material

In spring 1984, mature males and females of both species were collected in
barns in the farming district around Ottawa.These were kept in the laboratory in
individual plastic jars with ventilating holes in the lids, and provided with dip-
teran prey and water drops.

The Scanning Electron Miuographs

These were taken with a Cambridge scanning electron microscope, with a
20 kV accelerating voltage. The specimens, which had been preserved in75"/" al-
cohol, were dehydrated with 100% alcohol, mounted on stubs with Sellotape
glue, and left for 48 hours in a dessicator before coating with gold for observa-
tion. Four specimens of each species were prepared for SEM observation.The ce-
phalothorax and abdomen were separated, so that each part of the stridulatory
organ could be observed separately.

Sound recording and Behavioural Observation

The sounds produced by male spiders during aggressive and sexual interac-
tions were recorded, using an RCAtype BK-5Aribbon microphone, attached to
a Sony TC-280 tape recorder via a X10 preamplifier. The ribbon microphone is
well suited for this kind of work, because it is highly sensitive to near-field
sounds, but relatively insensitive to sounds from more distant sources. Record-
ings of low-intensity sounds produced by small sources (e.g. spiders) can thus be
made by placing the sound source sufficiently close to the ribbon diaphragm,
without necessitating the use of a special sound-proof room (see BErr.rEr-CLaRr,
1972). For these recordings, the microphone and observation chamber were set
up as shown in Fig. 1. The microphone, with its outer screen removed, was clam-
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ped to a retort stand, facing downwards. The observation chamber, which was a
small transparent plastic jar, was attached to the microphone as shown with mask-
ing tape.The attachment was made highly flexible, in order to minimise the trans-
mission of substrate vibrations from the chamber to the microphone. The micro-
phone-observation chamber combination was lowered into a glass jar, and the
neck stuffed with tissue paper, in order to reduce extraneous airborne back-
ground noises. The entire assemblage stood on a 30-kg aluminium slab supported
by three tennis-balls, in order to reduce the effect of low-frequency building vi-
brations.

Fig. 1. The microphone and observation chamber assemblage.
1.The microphone, with outer screen removed.
2. The observation chamber, containing spiders.
3. Glass jar.
4. Tissue paper plug.
5. Annular adaptor, made of paper.
6. Position of supporting clamp.
7. 30-kg aluminium base-plate.

During recording, the observation chamber contained two conspecific
males, and a conspecific female.This was because it was found during pilot obser-
vations that if only one male was present, it tended to remain still, and was unli-
kely to encounter the female. If two males were present, courtship was more li-
kely to occur. However, in consequence of this experimental design, sounds pro-
duced during aggressive interactions between males were recorded as well as
courtship sounds. Observation periods lasted for up to 20 minutes.
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Analysis of Sound Recordings

The original tapes were recorded at l7hips and had no more than 20 dB pro-
gram over noise in the best cases. The signal from these tapes was passed through
a graphic equaliser. Frequencies in the 300-1200H2 band were boosted by 10dB
and all others attenuated by 20 dB. The resultant signals were recorded at 15 ips
on a Scully 2-track tape recorder.

The new tapes were played back on a SonyTC 761 tape deck. The samples
selected for analysis were digitised using a 14-bit Analog Devices analog-digital
converter at a sampling rate of 22,700H2 producing a set of binary files on a
VAX 11-750 computer system. Digitised sound files were played back through a

16-bitAnalog Devices digital-analog converter at22,700 samples/s.The effective
overall frequency response was L0 kHz with approximately 80 dB signal to noise
ratio. Thus, the limitations of the rather primitive recording apparatus were large-
ly overcome by subsequent processing of the recording.

Each file was read with two different programs:
SURF (author: BRraN Herr). This program will read a digital sound file and

will display any desired segment of it as a three-dimensional graph with the
following axes: x : frequency within a selected range; y : amplitude; z : time.

WAVES (author: Cor-rN BeNcrn, modified by J.trr,ms Nonru).This program
is an interactive sound file viewer and editor. It will read a digital sound file and
display the signal as time vs. amplitude, in a manner similar to an oscilloscope.
Of the numerous commands, those used in this analysis include pitch detection
(Moonen, 1974), variable time and amplitude scaling, and "envelope display
mode", which plots absolute values of the amplitude averaged over large time
segments.

The outputs of these programs were displayed on a Norpak IGPVector Dis-
play Processor with HP display. Samples were photographed with Polaroid
35 mm film.

RESULIS

The Scanning Electron Micrographs
SEM's of the stridulatory organs of the two species are shown in Figs. 2-5.

(Compare with light micrographs in GwlNr,lpn-He,NkE, 1970.)The sound is produ-
ced by the blunt "tooth-like" protuberances on the abdominal part rubbing over
the closely-packed ridges on the cephalothoracic part. Each "tooth" on the
abdominal part has a bristle, which may perform a proprioreceptive function.

Judging from the eight specimens observed, the stridulatory organs are vir-
tually identical in both species. The abdominal part has two rows of 8 teeth, spa-
ced at intervals of approximately 8 pm. The cephalothoracic part has a series of
regularly-spaced transverse ridges, extending approximately 300 pm in the an-
tero-posterior direction. The separation of the ridges is apparently slightly less in
S. bipunctata (approximately 5 pm) than in S. borealß (approximately 6 pm).

Behavioural Observations and Sound Recordings

Spiders were observed to stridulate during aggressive and sexual behaviour.
Sexual behaviour only occurred if the observation chamber contained some web,
but the web did not have to be produced by the species under observation. S. pi-
punctata would engage in sexual behaviour on web produced by S. borealis, and
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Figs. 2-5. Scanning Electron Micrographs of stridularory organs of S. borealis and S. bipunctata.
Fig.2. S. borealis, abdominal part.
Fig. 3. S. borealis, cephalothoracic part.
Fig. 4. S. bipunctata, abdominal part.
Fig. 5. S. bipunctata, cephalothoracic part.

vice versa. In each observation period, one male always dominated the other ag-

gressively, produced all the stridulation recorded, and performed all the court-
ship observed. Thus, the recordings of each observation period contain only the
sounds produced by one individual. No differences between sexual and aggres-
sive stridulations were discernible.

20 observation periods were recorded; ten each of S. bipunctata and S. bo-

realis. lJowevef, one of the S. borealß males did not produce stridulations loud
enough for analysis.

Samples of the loudest sounds recorded from each spider were transferred
to a magnetic disc via the analog-digital converter, where they wele stored as data
files, to be used as input for the "WAVES" and "SURF" programs. A sample
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stridulation of each species, as displayed by the output of the two programs, is
shown in Figs. 6 and7.

o. os s ___l

amplitude

amplitude

1500

Figs.6-7. SamplestridulationsofS. bipunctataandS.borenlis displayedbyWAVES(6aand7a)and
SURF (6b and 7b) programs. 6 : S. bipunctata (above); '1 - S. borealis (below).
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Up to 50 pulses produced by each male were analysed. The following data
were taken on each of the pulses analysed: the duration; the mean fundamental
frequency with the 500-1200Hzrange over a 0.003s "sample window" taken from
the loudest part of the pulse. A random number table was used to choose ten of
the analysed pulses from the recordings of each spider for inclusion in the histo-
grams in Figs. 8 and 9. (Nine of the S. bipunctata and seven of the S. borealß males
produced > 10 pulses loud enough for analysis). Where possible, the inter-pulse
interval, between the end of one pulse and the beginning of the next, was also
measured. (Measurement could be confused by other background noises on the
recording, e.g. those produced by spiders walking). Four measured inter-pulse in-
tervals from each spider were chosen at random for inclusion in the histogram in
Fig. 10. All three parameters were highly variable in both species, with consider-
able overlap between the sample populations of the two species' stridulations.
Moreover, it will be seen from Figs. 6 and 7 that each pulse contained a wide mix
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Fig. 8. Histograms of sample fundamental frequencies. A: S. bipunctata. B. S. borealis
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Fig. 9. Histograms of sample pulse durations . A: S. bipunctata. B: S. borealis.
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of frequencies.Thus, the concept of a pulse having a "fundamental frequency" is
a considerable simplification. There were no signs of consistent peak frequencies.
Therefore, the frequencies measured are believed to have been those inherent in
the stridulations, and not resonance frequencies of the apparatus or observation
chamber.

All the sound pulses measured were included in the statistical analyses of
the fundamental frequencies, pulse periods, and inter-pulse intervals. Means and
standard errors of these parameters for the two species are given inTäble 1. Ana-
lysis was by two-level nested anovars (e.g. see Sokal & Rohlf, 1969,pp.274-28I).
The anova tables are given in Täble 2. Overall mean carrier frequencies were
found to differ significantly between species, but the difference is small compared
with the range of variation found within individuals. Mean pulse periods and in-
ter-pulse intervals differed highly between individuals, but not between species.

DISCUSSIO(*

Males of the American populations of S. bipunctata and S. borealis both pro-
duce stridulations with fundamental frequencies typically ranging between 750

and 1100 Hz. This range is consistent with the estimated 800-1000 Hz reported by
GwrNNr,n-He.NxE (1970). Thus, geographical isolation of the American popula-
tion of S. bipunctata from its ancestral European population appears not to have
been accompanied by divergence in sound characteristics as has been reported in
some populations of drosophilid flies (e.g. ksolet. al, 7980).

The range of frequencies found, both within and between pulses, is very
wide (about 1.5 octaves in musical terms). Although the mean fundamental fre-
quencies apparently differ between the two species, the frequency ranges overlap
so much that it seems unlikely that they could be used as a cue for species recogni-
tion. The ranges of the pulse durations also appear to overlap completely. If ei-
ther species was using either of these parameters for species recognition, narro-
wer ranges, with little or no overlap, would be expected. Also one would expect
clear-cut differences between aggressive and courtship stridulations, since court-
ship stridulations would be under a selection pressure for species-specificity, while
aggressive stridulation might not be. Scnwanrz &WEI-r-s (1984) report that three
sympatric species of tree-frog (genus Hyla) have aggressive calls which are not
species-speiific, and show considerable intraspecific variation. Their "advertise-
ment" (sexual) calls, however, vary little, are highly species-specific, and differ
markedly from the aggressive calls; they are apparently used for species recogni-
tion.

These findings are consistent with those reported by Nvrrnr-pp' et al. (1986) 
'

that the pre-mating reproductive barrier between these species is apparently a me-
chanicalone. Females ofboth species are receptive to courtships ofboth conspeci-
fic and heterospecific males. Males of both species will attempt copulation with
heterospecific females, but the differences in the morphology of the two species'
external copulation organs prevents successful insertion of the embolus into the
female epigynum.

Areproductive barrier such as this, which does not act until a very late stage
of courtship, is inefficient compared with that apparently operating between the
sympatric ilUting species of wolf spider Schizocosa rovneri (Uorz & Doxoer-e)
and S. ocreata (Hervrz) (SrnerroN & Urrz, 1981, 1983; Uprz & SrnarroN,
1982). Their external copulation organs are identical, but interspecific copulation
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does not occur. Species-specific male courtship sounds have been shown to act as
recognition cues. These two species have co-existed for a long time. The geo-
graphical ranges of the two Steatoda species studied here have only overlapped
for about one hundred years. Moreover, circumstantial evidence has been found
suggesting that where the two species co-exist. S. bipunctata tends to displace S.
borealß (Nvrrelrn et al., 1986). Mixed populations may thus be a very temporary
phenomenon. Thus, there may be relatively little selection pressure for a more
efficient pre-mating barrier.
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ZUSAMMENFASSUNG

Steatoda bipunctata und S. borealis sind zwei nahe verwandte Spinnenarten, die für lange Zeit total
allopatrisch waren. Im letzten Jahrhundert wurde S. bipunctata insVerbreitungsgebiet von S. öorealrs
eingeführt, wo sie sich seither ausgebreitet hat. Reproduktive Isolation zwischen den beidenArten
resultiert scheinbar daraus, dass ihre Kopulationsapparate nicht zusammenpassen. In dieserArbeit
wurden die Stridulationsorgane der Männchen beschrieben sowie die während sexuellem und agoni-
stischemVerhalten produziertenTöne analysiert. Die interspezifischen Unterschiede derTöne sind
klein verglichen mit der Spannweite derVariation innerhalb derArt. Die Stridulationsorgane der bei-
den Arten sind extrem ähnlich. Es besteht kein Beweis dafür, dass artspezifische Unterschiede zwi-
schen den von Männchen produziertenTönen für die Artenerkennung verwendet werden könnten.
Dies steht im Gegensatz zuArten, die über längere Zeit koexistiert haben und die scheinbar artspezi-
fischeTöne als Erkennungsmechanismus verwenden.
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