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ABSTRACT

Spectral sensitivity curves to light between 425 and 650 nm for the four eyes of the spider Argiope
argentata were determined . Maximum sensitivity was observed at 530 nm for the secondary eyes an d
at 525 nm for the principal ones . Chromatic adaptation did not affect this maximum, which suggests
that there is only one receptor and photopigment in this spectral region .

INTRODUCTIO N

Recordings from the anterior median eyes of jumping spiders demonstrated th e
existence of different photoreceptor types, thus confirming earlier behavioral dat a
suggestive of color vision in these animals (Peckham and Peckham 1887, Crane
1949, Kastner 1950, Young and Wanless 1967) . According to DeVoe's (1975 )
intracellular recordings, color vision in the principal eyes of the jumping spider
Phidippus regius (C . L. Koch) is mediated by three photoreceptor types : UV cells
with peak sensitivity at 370 nm ; green cells with peak at 532 nm, and UV-gree n
cells, peaking at 370 and 532 nm . In the secondary eyes of this spider DeVo e
found only green cells . In the jumping spider Menemerus confusus (Bosenberg
and Strand), Yamashita and Tateda (1976) found, in addition to UV and gree n
receptors, a blue receptor at 490 nm and along-wave-length receptor at 580 nm .
Their data were based both on intracellular recordings and on chromati c
adaptation effects on the electroretinogram (ERG) .

Other families of spiders did not exhibit the same color vision abilities as foun d
in jumping spiders . Young and Wanless (1967) conducted a T-maze preferenc e
study in seven spider families, and found that only Salticidae exhibited behavior s
suggestive of color vision . In ERGs from Lycosidae, DeVoe, Small and Zvarguli s
(1969) found only one photopigment (green) in the secondary eyes . The principa l
eyes contained variable amounts of this pigment in addition to an UV absorbin g
one .

Color vision was only recently studied in spiders of the Araneidae family . Th e
anterior median eyes of Argiope bruenchini (Scopoli) and Argiope amoena (L .
Koch) were found to have three photoreceptors, with maxima at about 360 nm ,
480-500 nm and 540 nm (Yamashita and Tateda 1978, 1981) . No recordings wer e
reported for the secondary eyes .
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The present study, which was started before the publication of Yamashita an d
Tateda's reports (Tiedemaan 1975), brings information about the color vision
system of Argiope argenta t a (Fabricius), an orb web spider whose behavior has
been extensively studied (Robinson 1969, Robinson and Olazarri 1971, Ade s
1973) . Argiope argentata lives in sunny areas and is diurnal, but it is capable o f
hunting and of building its web in the dark. Its characteristic thermoregulatory
posture (Robinson and Robinson 1978) was shown to be controlled by ligh t
rather than by heat (Ades and Kanner 1978) . Its choice of the side of the web
on which to stand is also light dependent (Ades and Kanner 1979) . It can rel y
on visual stimuli when placing the first threads of the web, as do othe r
orbweavers (Tilquin 1942) . There is no doubt that visual cues are of grea t
relevance to several aspects of behavior of this species . There is not, however, an y
information regarding its color vision abilities . In this report we describe the
ERG measured spectral sensitivities of the dark-adapted eyes of Argiope
argentata, and the results obtained under chromatic adaptation, showing that i t
has only one receptor type in the spectral range from 425 to 625 nm .

METHOD
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The stimulating light produced at the end of the light pipe a light intensity of
(4 .24) . 10 -6W at 500 nm, so that a 20 ms flash corresponded to about (2 .76) .
10" photons . The adapting light yielded, with a red filter with transmittance fro m
570 nm to infrared (Kodak 23 A), an intensity of (3 .60) . 10-5W and with a
narrow band blue filter with maximum output at 430 nm (Kodak 48 B), (1 .60)
. 10 S W. Calibrations of ND filters at each of the wavelengths used were mad e
with a Tektronix radiometer J 16 with J 6502 probe and a Zeiss DMR-2 1
spectrophotometer .

Procedure .—All recordings were done during the day, between 8 a .m. and 5
p .m. The preparation was dark adapted for at least 30 minutes prior to eac h
experimental session .

For each eye (anterior median, posterior median, anterior lateral and posterio r
lateral eye) the energy-response functions were determined under conditions o f
dark adaptation and red-, blue- and white-light adaptations for each of th e
calibrated monochromatic lights between 425 and 675 nm . Data collected unde r
light-adapted conditions were preceded by 10 min of exposure to the adapting
light before measurements were begun . Energy-response functions were obtaine d
at each of these adapting conditions by measurements of ERG amplitude fo r
stimuli of the following mean attenuations : 0 ; 0 .21 ; 0 .53 ; 0 .95 ; 1 .26 ; 1 .60 ; and 2 .1 3
log . At each attenuation value the spectrum was scanned twice, at 25 nm steps ,
in opposite directions, with 20 ms long flashes presented at 30 s intervals .

A standard of 550 nm was used throughout the experiment for frequent check s
of the stability of the preparation . All data reported are from preparations whic h
remained quite stable, within 2% variation .

RESULTS AND DISCUSSION

Waveform of the ERGs .—The waveform of the ERGs recorded in A . argentata
is similar for all four eyes and does not differ as a function of wavelength of th e
test flash, as can be observed in Figure 1 . Changes in waveform were only notice d
in connection with variation in light intensity. Recordings shown in Figure 2
exemplify such waveform changes . At high intensities the waveform was typically
a single rapid negative wave followed by a slow uniform decay . The small positive
wave is an artifact of capacity coupling of the AC recording amplifier . At low
intensities the ERG consisted of a double negative wave in all eyes except the
principal . In the latter, peak latency was • intermediate between the two negative
waves found for the other eyes .

The shape of the ERG was also examined under chromatic light adaptation ,
because it has been reported to change in species that have different
photoreceptor types, such as the jumping spider, M. confusus (Yamashita and
Tateda 1976) . In the eyes of Argiope argentata no change in waveform was
observed as a function of wavelength of chromatic adaptation . This was a first
indication of the absence of additional photopigments in the tested part of th e
spectrum (400-600 nm) in the species .

Spectral Sensitivity .—To determine the spectral sensitivity curves of the fou r
eyes, the ERG amplitudes in response to monochromatic lights presented to th e
dark-adapted eye at 25 nm steps were measured as a function of light intensit y
over a 2.0 log unit range . The energy-response functions thereby obtained ar e
plotted in Figure 3 . The functions are closely parallel for each of the eyes, but
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(data from one preparation) .

nomogram curves was not so good . The sensitivity was less than predicted by th e
nomogram for all four eyes . The same type of result was found by DeVoe, Smal l
and Zvargulis (1969) . This is not, however, the common finding in other
arthropods, the rule being that sensitivity in the near UV is higher than predicte d
by the nomogram curves, as found in the bee (Autrum and von Zwehl 1964) ,
dragonfly (Autrum and Kolb 1968), Calliphora and Periplaneta (Walther an d
Dodt 1959), Musca domestica (Eckert 1971), Atta sexdens (Martinoya, Bloch ,
Ventura, and Puglia 1975) and several species of crustacea (Scott and Mote 1974) .
UV sensitivity is nevertheless present in A. argentata, as revealed by tests mad e
with UV stimulation (GE Purple X lamp plus Kodak 18 A filter) . These test s
showed that responses in the UV are present in all four eyes, but are higher i n
the anterior median eyes than in the other ones . This is in agreement wit h
DeVoe's observations (DeVoe, Small and Zvargulis 1969, DeVoe 1972, 1975), wh o
also found higher sensitivity in the anterior median eyes .

The reason why we did not find evidence for more than one visual pigmen t
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number of criteria, as was done by Horridge et al . (1983) for their primary cel l
types .

Alternatively, more recent work from our group (Souza, Menzel, and Ventur a
1985) shows that the flash method of spectral sensitivity measurement yield s
unreliable data, due to both the lengthy recording sessions, with unavoidabl e
baseline fluctuations, and to the changes in the state of adaptation of the cell with
the use of different spectral filters . A much more reliable method called "voltag e
clamp" by Franceschini (1984) or "constant response" (Hertel and Ventura, in
press) avoids both problems and produces reproducible pigment — like spectra l
sensitivity curves .
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