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Most spiders have eight simple eyes, of which one forward-pointing pair (the
principal eyes) has a different structure from the other three pairs (the secondary
eyes). The principal eyes are often movable, whereas the secondary eyes are fixed. In
most jumping spiders (Salticidae) two of the secondary eyes, the postero-median pair,
are so reduced that they seem to be vestigial, and their fields of view overlap those of
the other secondary eyes (the antero- and postero-laterals) (Homann, 1928; Land,
1969a; Eakin & Brandenburger, 197.1). However, in certain supposedly primitive
Salticid sub-families the postero-median eyes are comparable in size with the other
secondary eyes, and would appear to play a more equal part in the function of the
secondary eye system, which is the detection of movement (Land, 1972). The origins
of the Salticidae are something of a mystery, and it is therefore of considerable interest
to see whether the fields of view of the eyes of these primitive sub-families give any
clue that might indicate to which of the other spider families the Salticidae might be
linked. The form of the fields of view appears to be a conservative feature in spider
evolution (Land, 1985), just as does the layout of the eyes themselves. The anatomy
and ultrastructure of these eyes have been described before (Blest, 1983, 1984, 1985;
Blest & Sigmund, 1984) and the systematic position of the sub-family considered
here, the Spartaeinae, is discussed by Wanless (1984).

Two species from the sub-family Spartaeinae were obtained. Portia fimbriata,
originally from Queensland, Australia, were kindly supplied by Dr Robert Jackson of
Christchurch, New Zealand. A single female of Spartaeus spinimanus, from Sin-
gapore, was collected by Dr David Blest of the Australian National University,
Canberra. In addition, specimens of the 'advanced' salticid Plexippus sp. were ob-
tained locally in Canberra. Live spiders were anaesthetized with CO2, and a small
stick was waxed to the back to serve as a mount. They were then placed in the
apparatus shown in Fig. 1. This consists of a Cardan arm on which is mounted a small
telescope, and a light source whose beam is concentric with the viewing beam. The
telescope has an acceptance angle of about 2°, which limits the accuracy of the
method. The telescope is focused on the spider, and a reflection from the retina of each
eye can be seen provided the axis of the telescope is within the field of view of the eye.
The Cardan arm is calibrated in latitude and longitude coordinates, and these are used
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Fig. 1. Left: drawing of the apparatus used'to measure the fields of view. T U a small telescope,
actually the inspection telescope from a phase-contrast microscope. L is a small light source with a
collimating lens, and M is a half-silvered mirror. Right: sketch of the prosoma of an advanced jumping
spider, from above, showing the locations of the four pairs of eyes. In Portia and Spartaeus the
postero-median (PM) eyes are larger. The line types identify the different fields of view in Fig. 2. AM,
antero-median; AL, antero-lateral; PL, postero-lateral.

to plot the locations of the edges of the fields of view of the secondary eyes (Fig. 2).
The spider was aligned so that the equator of the coordinate system corresponded with
the ventral rim of the prosoma carapace. Jumping spider eyes do not have tapeta, but
the retinae contain screening pigment which causes them to appear slightly pink.
Outside the retina this colour changes abruptly to grey. Additional ophthalmoscopic
observations on the secondary retinae, and on the fields of view of the principal
(antero-median) eyes were made using an ophthalmoscope described elsewhere (Land
19696, 1984).

In Fig. 2 the fields of view of Portia and Plexippus are compared. In Portia there
is a gap about 20° wide between the fields of view of the antero-lateral (AL) and
postero-lateral (PL) eyes. This gap is filled by the strip-shaped field of the postero-
median (PM) eye. In Plexippus there is no gap, and the fields of the AL and PL are
contiguous in this region. It appears that the fields of both AL and PL eyes have
expanded to fill the gap. In Spartaeus the field of view of the PM eye is very similar
to that of Portia but is not so extensive vertically. It stretches from about 20° below
the equator to 40 ° above (60 ° total) compared with 35 ° below to 60 ° above in Portia.
The spacings of the receptors in the secondary retinae of Portia were examined
ophthalmoscopically. In the AL eye the centre-to-centre separation varied from 0-55 °
in the acute region near the body axis, to 0-97° near the lateral edge. In the PL eye
the separation was nearly uniform at approximately 1-49°. Interestingly, the separa-
tion in the PM eyes was intermediate, at almost exactly 1-0°, and uniform. This
contrasts with other jumping spiders where estimates for the PM eye, to the extent
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Fig. 2. Fields of view of an advanced salticid Plexippus, left, and the primitive salticid Portia, right.
The main difference is the presence in Portia of a strip-like PM field, lying between the AL and PL
fields. Principal (AM) fields were derived from ophthalmoBcopy, and the data of Williams & Mclntyre
(1980) for Portia. In life, the AM eyes can move so that the centres of their fields of view can scan
over most of the fields of the AT. eyes. The visual fields are shown here projected onto a sphere around
the animal (orthographic projection), viewed from 15 ° above the equator, and 30 ° to the animal's left.
AL, antero-lateral;, AM, antero-median; PL, postero-lateral; PM, postero-median.

that they have any meaning, are around 10°. Clearly in the Spartaeinae, the PL eyes
are integrated into the overall function of the secondary eye system, whereas in most
other salticids they are not.

Unfortunately, the location of the field of view of the PM eyes in Portia does not
correspond particularly closely with the PM fields of any of the other hunting spider
families that have so far been studied (for maps of these see Land, 1985). In the
Lycosidae (wolf spiders) the PM eyes are the largest pair and their fields are also large,
extending from directly above the animal to 50 ° below the equator, and from the front
to about 70 ° lateral. In both the Sparassidae (huntsmen) and Thomisidae (crab spiders)
the PM fields are more dorsal and less frontal than in the Lycosidae, but in all these
families the region around the dorsal pole is occupied by the fields of the PM eyes, not the
PL eyes as in the Spartaeinae. The PM fields in these other families are also much larger
than they are in the Spartaeinae although - for what this is worth- they are smaller in the
Thomisidae than in the Lycosidae or Sparassidae. The visual fields in the other hunting
spider families (Clubionidae and Oxyopidae) have yet to be investigated. Possibly one
should also look to the web-building families since Portia, unlike other salticids, does
build a web (Jackson & Blest, 1982). However, the optical design of the eyes in most of
the web-building families does not permit the accurate mapping of visual fields (Land,
1985). If Portia and Spartaeus are properly regarded as primitive, then we may con-
clude that the ancestors of the salticids had six functional secondary eyes, like most other
spiders, but that the distribution of their fields of view was not like that in any other
family that we have good information about at present.

It is a pleasure to thank Dr David Blest for helpful discussions and for providing
specimens. This work was done while the author held a fellowship in the Neurobio-
logy department of the Research School of Biological Sciences at the Australian
National University, Canberra.



384 M. F. LAND

R E F E R E N C E S

BLEST, A. D. (1983). Ultraatructure of secondary retinae of primitive and advanced jumping spiders (Araneae,
Salticidae). Zoomorphobgy 102, 125-141.
BLEST, A. D. (1984). Ultrastructure of the secondary eyes of a primitive jumping spider, Yaginumams (Araneae,

Salticidae, Spartaeinae). Zoomorphobgy 104, 223-225.
BLEST, A. D. (198S). The fine structure of spider photoreceptors in relation to function. In Neurobiology of

Arachnids, (ed. F. G. Barth). Berlin: Springer-Verlag.
BLEST, A. D. & SIGMUND, C. (1984). Retinal mosaics of two primitive jumping spiders, Yaginumams and

Lyssomanes (Araneae, Salticidae): clues to the evolution of Salticid vision. Proc. R. Soc. B 221, 111-125.
EAKIN, R. M. & BRANDENBURGER, J. L. (1971). Fine structure of the eyea of jumping spiders. J. Ultrastruct.

Res. 37, 618-663.
HOMANN, H. (1928). BeitrSge zur Physiologie der Spinnenaugen. I. Unterssuchungsmethoden. II . Das Seh-

vermdgen der Salticiden. Z. vergl. Pkysiol. 7, 201—269.
JACKSON, R. R. & BLEST, A. D. (1982). The biology of Portia fimbriata (Doleschall), a web-building jumping

spider from Queensland: utilization of webs and predatory versatility. ,7. Zool., Land. 196, 255—293.
LAND, M. F. (1969a). Structure of the principal eyes of jumping spiders (Salticidae: Dendryphantinae) in

relation to visual optics..?, exp. Biol. 51, 443—470.
LAND, M. F. (19696). Movements of the retinae of jumping spiders (Salticidae: Dendryphantinae) in response

to visual stimuli.^, exp. Biol. 51, 471-493.
LAND, M. F. (1972). Mechanisms of orientation and pattern recognition in jumping spiders (Salticidae). In

Information Processing in the Visual Systems ofArthropods, (ed. R. Wehner), pp. 231—247. Berlin: Springer-
Verlag.

LAND, M. F. (1984). The resolving power of diurnal superposition eyes measured with an ophthalmoscope.
J. comp. Physiol. 154A, 515-533.

LAND, M. F. (1985). The morphology and optics of spider eyes. In Neurobiology of Arachnids, (ed. F. G.
Barth), pp. 53-78. Berlin: Springer-Verlag.

WANLESS, F. R. (1984). A review of the spider subfamily Spartaeinae nom. nov. (Araneae: Salticidae) with
descriptions of six new genera. Bull. Br. Nat. Hist. Zool. 46/2, 135-205.

WILLIAMS, D. S. & MCINTYHE, P. (1980). The principal eyes of a jumping spider have a telephoto component.
Nature, Land. 288, 578-580.


