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Jumping spiders in space: movement patterns, nest

site fidelity and the use of beacons
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We studied movement patterns and the use of navigational beacons in the jumping spider Phidippus clarus
(Salticidae). Phidippus clarus does not build prey-capture webs, but does construct thick silken nests used as
nighttime retreats. We measured the degree of nest site fidelity with individually marked spiders and a grid
of artificial nest tubes. Females in August were most site-faithful, followed by July females and then by
males. Spiders moved long distances through complexly structured habitats, suggesting that nests are likely
to be out of sight of the spiders during the day, and that spiders must use cues other than their nest to
navigate. We then tested whether females used beacons to find their nests. In one experiment, spiders col-
onized nest tubes that were either associated with beacons (orange wooden dowels) or not. They were then
released near a test beacon. Spiders experienced with beacons readily approached either their own beacon
or a similar, novel beacon in a different location. In contrast, spiders with no experience with beacons were
significantly less likely to approach the test beacon. In a second test, spiders tested with novel beacons of
the same colour as their own were significantly more likely to approach it than were spiders tested with
novel beacons of a different colour. We conclude that P. clarus are likely to need navigational skills and
are able to use beacons as a method of navigation. Jumping spiders provide a new and tractable model sys-
tem for the study of navigation and space use.

� 2005 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Many species make forays away from nests, and then face
the challenge of finding them again. Returning to a nest
can be accomplished via a number of nonexclusive
navigational mechanisms that vary among taxa and
situations (Collett & Zeil 1998; Hogarth et al. 2000). One
method is the use of beacons or landmarks. Beacons,
also known as proximal cues, are close to or part of a des-
tination (Shettleworth 1998). Landmarks, also known as
distal cues, guide an individual to a destination but are
not inherently part of the destination (Shettleworth
1998). Classic examples of landmark and beacon use in-
clude Tinbergen’s (1975) study of digger wasps, Philanthus
triangulum, that learned their nest hole was surrounded by
a ring of pine cones. When the ring was displaced, the
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wasps continued to search in its centre. Von Frisch
(1967) observed that honeybees, Apis mellifera, tend to
use isolated trees as landmarks when returning from a for-
aging excursion, even when doing so takes a bee off its di-
rect course home. Landmark and beacon use have since
been demonstrated in a number of arthropod species, in-
cluding other solitary and social bees, ants, cockroaches
and waterstriders (e.g. Junger 1991; Cheng 2000; Collett
et al. 2002; Graham & Collett 2002).
Spiders provide good model organisms for the study of

movement, because many species are amenable to both
field studies and experimental manipulation. Many prior
studies have identified a broad range of factors that
influence a spider’s decision to move between sites, such
as the presence of prey or prey-related cues (Greenstone
1983; Jakob 1991, 2004; Persons & Uetz 1996; Walker
et al. 1999; Kreiter & Wise 2001), web destruction (Hodge
1987; Chmiel et al. 2000), interactions with conspecifics
(Leclerc 1991; Smallwood 1993; Jakob 2004), sun expo-
sure and thermal extremes (Hodge 1987; Lubin et al.
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1993), predation risk (Lubin et al. 1993) and mate search-
ing (Henschel 2002). Far fewer studies have addressed
specifically how spiders navigate, such as the use by
some species of polarized light and idiothetic cues (e.g.
Seyfarth et al. 1982; Dacke et al. 1999). To our knowl-
edge, there have been no studies of beacon or landmark
use in spiders.
Our study species, Phidippus clarus, is a jumping spider

(Family Salticidae) found in old fields throughout much
of North America. Jumping spider behaviour is widely
studied, with over 125 studies by R. R. Jackson and collab-
orators alone, but relatively little is known about their daily
movements in the field. Like other jumping spiders (Land
1985), P. clarus has one of the most highly developed
invertebrate visual systems, and has camera-type eyes
(Land 1972) rather than compound eyes. It relies on
vision in prey capture (e.g. Jackson 2000; Li et al. 2003),
courtship and mate choice (e.g. Clark & Morjan 2001),
and aggressive displays (e.g. Wells 1988; Taylor et al.
2001). The most rigorous studies of jumping spider photo-
receptors show spectral sensitivity peaks in the green and
UV range (Blest et al. 1981; Peaslee & Wilson 1989). Addi-
tional information suggests that jumping spiders may
have spectral sensitivities in blue–green, yellow and red
(DeVoe 1975; Yamashita & Tateda 1976; reviewed in
Land 1985). Jumping spiders can also discriminate be-
tween a variety of colours associated with aversive levels
of heat (Nakamura & Yamashita 2000).
Jumping spiders build silken nests, which are likely

to be valuable. Nests provide shelter at night, during
inclement weather, and when moulting, mating, oviposit-
ing and guarding young (Jackson 1979). Silk is energetical-
ly expensive (e.g. Jakob 1991). Nests are generally placed
in sheltered areas that may be limited. For example,
P. audax, P. clarus and P. princeps favour the umbels of
Queen-Anne’s lace, Daucus carota (Tessler 1979; personal
observation). In some jumping spider species, there is in-
direct evidence that large individuals will usurp the nests
of smaller ones (Plett 1962), suggesting that salticid nests
are a costly resource. At least two species of salticids have
been observed to leave their nests during the daytime and
to return to the same nest at night, Jacksonoides queenslan-
dicus in the field (Jackson 1988) and P. audax in terraria in-
side a greenhouse (Popson 1999). However, few data are
available on whether jumping spiders move out of sight
of their nest during the day. Hill (1979) often found mem-
bers of several species waiting for prey on flowering plants;
this strategy may mean that spiders do not wander from
their nests and thus do not need long-range navigational
skills. However, Jackson (1988) observed several individu-
als of J. queenslandicus return directly to a nest from posi-
tions where the nest was out of view.
We evaluated two sets of data on the behaviour of P. cla-

rus in the field. First, we examined natural movements of
spiders in the field. We studied both nest site fidelity and
the distance that spiders move during a foraging bout;
only if they move substantive distances will they require
much navigational ability to find their nests again.
Second, we also investigated whether jumping spiders
can use visual cues in the form of beacons to find their
nests.
METHODS

Study Sites

All work was conducted in old fields on or near the
campus of the University of Massachusetts, Amherst,
U.S.A. containing a variety of grasses, shrubs and flower-
ing plants, predominantly milkweed (Asclepias syriaca),
goldenrod (Solidago spp.), sweet clover (Melilotus spp.)
and asters (Aster spp.).

Site Fidelity

We measured site fidelity by recording whether spiders
returned to the same nest on consecutive nights. We took
advantage of the fact that some Phidippus jumping spiders,
including P. clarus, readily construct nests inside pieces of
tubing (Popson 1999). On 7–8 June 2001, we set up
a 30 � 30-m grid of 90-cm-tall surveyor’s flags (Ben Mead-
ows, Janesville, Wisconsin, U.S.A.) made of a wire pole
with a 7.5 � 6.5-cm plastic flag. Flags were spaced 2 m
apart and labelled with their coordinates. We made artifi-
cial nest sites (approximately 3.8 cm long, 1.5 cm diame-
ter) of flexible clear plastic plumber’s tubing and painted
them black with spray paint (Krylon flat black, Sherwin-
Williams, Cleveland, Ohio, U.S.A.). We tied tubes to flag-
poles with string so that the tubes hung horizontally
about 40 cm above the ground. We then allowed a 3-
week colonization period for individuals to find nest tubes
and construct nests within them.

After the colonization period, we collected spiders from
nest tubes by gently squeezing the sides of tubes until they
emerged. To identify spiders individually, we used bee tags
(2.3 mm diameter; The Bee Works, Orillia, Ontario, Canada)
with unique colour/number combinations. We attached
tags to the dorsal surface of spiders’ abdomens with
nontoxic glue by holding the spider with a piece of facial
tissue over the cephalothorax. In late June and early July,
we tagged some subadults (N ¼ 24), but because tags are
lost during a moult, we used only adults in our data anal-
ysis. We tagged adults throughout the term of this study,
and there was no evidence of tags detaching from adults’
bodies. We recorded nest tube coordinates and spider sex,
and returned marked spiders to their nest tubes.

During the first 3 weeks in July and August 2001, we
checked nest tubes twice a day for occupancy. All tubes
were checked in the evening between 1900 and 2000
hours. We recorded the presence or absence of silk, the
presence of untagged individuals, and the tag number/
colour of marked individuals. We also conducted day
checks (between 1100 and 1400 hours) of tubes that held
tagged individuals during the previous evening’s check.

We scored site fidelity as follows. We ignored the first
night after marking, because spiders may behave atypically
after disturbance. We scored spiders as ‘site-faithful’ if they
were found in the tube during an evening check, absent
during the next daytime check, and then back in the same
tube in the evening. Thus, only spiders that had left the
tube and returned to it were recorded as site-faithful. If
spiders were in a tube during two consecutive nights as well
as the intervening day, we discarded the data and used the
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data from the next day. We scored spiders as ‘moving’ if
they were in a tube on one evening and absent on the next
evening, regardless of whether theywere in the tube during
the daytime check. This category thus also includes spiders
that disappeared for other reasons, such as predation or
attack by parasitoid wasps (C.D.H., personal observation).
For the first analysis, we used only the first score for

each spider (site-faithful or not) so that each individual
contributed only one data point to the analysis. We used
a contingency table analysis to compare the incidence of
site fidelity between males and females in July. We found
no males in August, so we compared site fidelity in July
and August for females only.
In the second analysis, we calculated average site fidelity

for each spider across all observations. We compared male
and female averages with a Mann–Whitney U test. We
used flag coordinates to calculate distances moved by indi-
viduals that were found in more than one nest tube. To
calculate the mean distance moved by individuals that
were not found for several nights, we divided the total dis-
tance moved by the number of nights absent.

Focal Observations

Observations were divided evenly between morning
and afternoon, and were conducted by the authors and
several undergraduate assistants. An observer walked
slowly through the fields until a P. clarus was sighted.
The observer then followed the spider for 5–15 min, or un-
til it was lost from view. We minimized our disturbance of
the spiders by following slowly and taking care not to dis-
turb the vegetation that spiders were on. Jumping spiders,
when disturbed, pivot and orient their anterior median
eyes towards the stimulus. If spiders oriented to the ob-
server repeatedly or for an extended period, we stopped
observations and discarded the trial data. We placed sur-
veyor flags at the spider’s locations at the start and end
of each trial, and used these to measure net distance trav-
elled. Because arthropod movement is temperature depen-
dent, we also recorded ambient temperature.
We recorded the following behaviours using an audio

microcassette recorder: stop (body not moving although
legs or pedipalps maymove), walk (moving the body along
by stepping with legs), leap (jumping with body and legs
completely off the substrate; used to move between distant
stems), prey capture (attacking and subduing prey), feed-
ing (holding prey in chelicerae), interaction with a conspe-
cific, and inside a silken nest. We also noted when spiders
were temporarily hidden from view by vegetation. In the
laboratory, we scored the audiotapes with behavioural data
analysis software (The Observer, Noldus Inc., Leesburg,
Virginia, U.S.A.). We established interobserver reliability in
the field through training sessions in which two observers
simultaneously recorded the behaviour of the same spider.
Observers also independently scored the same audiotapes
with The Observer. The Observer’s reliability analysis
indicated that pairs of observers were in agreement more
than 85% of the time. We collected data on 20 adult males
and 10 adult females. The data were not normally
distributed, so we used nonparametric tests to compare
movement patterns of males and females.
Beacon Experiment 1

We tested whether female spiders that had experience
with a beacon were more likely to approach either their
own or a novel beacon than were na€ıve spiders. For
beacons, we used wooden dowels (90 cm long � 0.8 cm di-
ameter), painted orange (Krylon fluorescent orange; peak
absorbance 614 nm). The beacons were unlike anything
else in the spiders’ habitat. In August 2001, we erected
30 vertical dowels by inserting one of their ends into the
ground. Dowels were spaced haphazardly within the field,
none closer than approximately 10 m, and were hidden
from view of other dowels by vegetation. We tied a nest
tube, as above, onto each dowel with string so that the
tube hung horizontally about 70 cm above the ground.
We also slid a ‘blinder’, constructed from a deli cup lid
(12 cm diameter) painted black with a slit cut in the cen-
tre, onto each dowel below the nest (Fig. 1) so that the
nest tube could not be viewed from the ground, to ensure
that spiders would respond only to the beacon rather than
to characteristics of the nest tube.
We also established nests that were not associated with

beacons. These were hung on small surveyor’s flags (a wire
pole with a small plastic flag). After allowing a week for
the first tubes to be colonized, we began trials. Trials were
conducted periodically from August to October 2001.

Blinder

Nest tube

Figure 1. A beacon with a nest tube and blinder.
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Because spiders were unmarked, we do not know how
long they had experience with a beacon.
Females were divided among the following three treat-

ments. (1) Na€ıve: spiders were collected from nest tubes on
survey flags and tested with a beacon that did not have an
occupied nest tube. We used na€ıve as a shorthand to
indicate spiders that did not have recent experience with
beacons. However, because spiders were unmarked, they
may have had experience with beacons after the beacons
were placed in the field and before the start of the trials.
(2) Experienced/own: spiders were collected from nest
tubes associated with beacons and tested with these same
beacons in the same location. (3) Experienced/novel:
spiders were collected from nest tubes associated with
beacons but were tested with an unfamiliar beacon located
at least 10 m away from their home area that did not have
an occupied nest tube. These novel beacons looked the
same as the beacons with which the spiders were familiar,
but they were surrounded by a new constellation of cues.
We randomly assigned spiders to treatments and tested 15
female spiders in each group. After a spider had been used
in a trial, it was captured to avoid retesting it and its nest
tube was replaced by a clean one.
Trials were conducted between 1100 and 1500 hours.We

located spiders in nest tubes and collected them as pre-
viously described. We held spiders in clear plastic snap-cap
vials (5.5 cm long � 2.5 cm diameter). We placed the vial
on the ground 15 cm from the base of the beacon. We
then allowed a 5-min acclimation period, during which
the spiders could look about through the walls of the vial.
We then removed the vial’s lid and moved approximately
2 m away to minimize any distraction caused by our pres-
ence. Trials began once a spider had ascended the vial.
We recorded observations with a Sony M-527V micro-

cassette recorder. We noted whether a spider oriented
towards the beacon (swivelling its body to direct its image-
forming AM eyes towards it). We scored a trial as
‘approached’ when spiders reached the beacon and
climbed up it. We scored a trial as ‘did not approach’
when the spider had moved 50 cm from the beacon and
was travelling away from it.

Beacon Experiment 2

In beacon experiment 1, female spiders selected their
own nest sites, either attached to a beacon or to a sur-
veyor’s flag. It is possible that females in the two
treatment groups that chose to nest in tubes attached to
beacons were likely to move to a beacon during the test
trial not because of experience, but simply because they
were attracted to the dowels. In 2002–2003, we conducted
a second experiment in which all females had experience
with beacons, and their task was to distinguish between
beacons that differed only in colour. This experiment was
conducted in a field adjacent to that used in beacon
experiment 1, which had become unacceptably woody.
We selected a flat colour (Krylon flat white; peak absor-
bance 515 nm) and a fluorescent colour (Krylon fluores-
cent orange; peak absorbance 614 nm), because we
wanted to increase the likelihood that spiders could detect
the difference between stimuli. We set out 30 dowels of
each colour with attached nest tubes, and let spiders colo-
nize them as in beacon experiment 1. All spiders (N ¼ 54)
were tested at a novel dowel, but half were tested at a dowel
of the same colour as the one on which they had estab-
lished their nest, and half were tested at a dowel of the
other colour. Test dowels were at least 10 m apart and
out of sight of the spider’s home dowel. Treatments were
randomly assigned. All other aspects of the protocol
were identical to beacon experiment 1, except that we
omitted the blinders during the colonization period, tied
nest tubes to dowels with twist ties instead of string,
and recorded data with pen and paper instead of
audiocassette.

RESULTS

Focal Observations

Observations lasted for 10.3 � 0.85 min (mean � SE).
Spiders sometimes attached a silk line to a plant before
jumping across a gap in the vegetation, but they generally
did not leave a silk trail.

Ambient temperature did not differ between male and
female sample periods (range 23–34 �C; Mann–Whitney U
test: U ¼ 62.0, N1 ¼ 20, N2 ¼ 9, P ¼ 0.1869). There was no
correlation between temperature and rate of movement
(distance moved (m) during observation period/duration
of observation period (min)) for females (Spearman rank
correlation, corrected for ties: rS ¼ 0.596, N ¼ 9, P ¼
0.0919) or males (rS ¼ �0.034, N ¼ 20, P ¼ 0.9922), and
therefore we ignored temperature in further analyses.

Data were skewed, so we used nonparametric statistics
(Table 1). The median net distance that spiders moved was
0.25 m, but distance ranged widely (0–20 m). Males spent
more time moving and moved at a faster rate than fe-
males. Females were seen foraging (attacking or feeding
on prey) more often than were males. There was no sex

Table 1. Male and female behaviour during focal observations

Behaviour Sex Range Median U

Tied

Z N P

Walking
(% time
in view)

M 0.3–73 28.3 27 �3.212 20 0.0013
F 0–19.3 4.0 9

Feeding
(% time
in view)

M 0 0 80 �2.034 20 0.05
F 0–90.4 0 9

Interacting
(% time
in view)

M 0 0 90 �1.414 20 0.66
F 0–14.7 0 9

Net
movement
rate
(cm/min)

M 0–204 6.0 18.5 �3.634 20 0.0003
F 0–2.4 0.4 9

Leaping
(leaps/cm
travelled)

M 0–200 10.9 50.5 �0.233 18 0.8154
F 0–33.3 15.5 6

Data were not normally distributed, so statistics are from Mann–
Whitney U tests.
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difference in the number of leaps that spiders made as
they moved through the vegetation. Few spiders inter-
acted, and interaction rate did not differ between the
sexes.

Site Fidelity

Of 102 marked spiders, 83 provided data on site fidelity.
Nineteen were not seen again after marking. In our first
analysis (in which we used only the first measure of site
fidelity for each individual), 61% of females (N ¼ 74)
showed site fidelity. Males were found only in July, and
the sample size was much smaller (N ¼ 9). We found a sig-
nificant difference in site fidelity between July males and
July females (G test: G2

2 ¼ 18.651, P < 0.0001) and be-
tween July and August females (G2

2 ¼ 13.604, P < 0.0002;
Fig. 2). August females showed more site fidelity than ex-
pected (91% observed versus 57% expected), and males
showed less fidelity than expected (22% observed versus
56% expected).
We also analysed average site fidelity for each individual

over multiple observations, as many as 12 per individual.
Females returned to their nests, on average, in 61% of the
observations, whereas males returned, on average, in 11%
(Mann–Whitney U test: tied Z ¼ �2.282, P < 0.03). Of 102
marked spiders, 40 (29 females and 11 males) were seen in
at least two different tubes. Some spiders (N ¼ 14) were
found in different tubes on consecutive nights. Others
(N ¼ 26) disappeared for varying durations before appearing
in a new tube; for these, we calculated average daily move-
ment. The first group had significantly higher per night
movement rates than did the second (Mann–Whitney
U test: tied Z ¼ �4.822, P < 0.0001), suggesting that spiders
that were absent for several nights either did not move
consistently each night, or moved back and forth in the
same area. We therefore discarded distance data for multi-
ple days and examined only spiders for which we had data
from consecutive nights. Mean � SE distance moved was
12.5 � 1.92 m (N ¼ 14). Males and females did not signif-
icantly differ, but sample sizes were extremely small (fe-
male: N ¼ 11, mean ¼ 11.5 � 7.81; males: N ¼ 3, mean ¼
16.3 � 1.13; Mann–Whitney U test: U ¼ 11.0, P ¼ 0.3918).
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Figure 2. Site fidelity of male and female jumping spiders, expressed

as the percentage of spiders that did and did not return to nests after
exiting them during the day. *P < 0.001.
Beacon Experiments

There were significant differences between the three
treatment groups (G test: G2

2 ¼ 10.04, P ¼ 0.0066). Most
spiders that were not experienced with beacons did not
approach beacons. There were no differences between spi-
ders tested with a familiar beacon versus those tested with
a novel beacon (G1

2 ¼ 1.243, P ¼ 0.2644; Fig. 3).
Four spiders, all from the na€ıve group, failed to orient to

the test beacon at any time. Spiders with experience might
be more likely to be looking for a beacon, and thus more
likely to orient to one. Spiders often climbed to the top of
the vial and pivoted about, and then immediately ap-
proached a beacon after they oriented to it. It is also
possible, however, that some spiders simply did not see
the beacon because of the direction that they exited the
vial: the primary eyes have high acuity but a small visual
angle (Foelix 1996). When we omitted spiders from the
analysis that never oriented to a beacon, the patterns of re-
sults did not change (G test: G2

2 ¼ 8.359, P < 0.02).
In beacon experiment 2, spiders tested with a novel

beacon of a familiar colour were significantly more likely
to reach it than were spiders tested with a novel beacon of
an unfamiliar colour (G test: G1

2 ¼ 11.528, P < 0.0009;
Fig. 4). In this experiment, only one spider (experienced
with a white beacon and tested with orange) failed to ori-
ent. When it was dropped from the analysis, results did
not change (G1

2 ¼ 10.652, P < 0.002).
Colour itself had no effect on performance. Of spiders

tested with a novel colour, 40% (N ¼ 15) of spiders
reached the orange beacon and 33.3% (N ¼ 12) reached
the white beacon (G test: G1

2 ¼ 0.128, P ¼ 0.7210). Of spi-
ders tested with a familiar colour, 83.3% (N ¼ 12) reached
the orange beacon and 80% (N ¼ 15) reached the white
beacon (G test: G1

2 ¼ 2.016, P ¼ 0.1557).

DISCUSSION

Phidippus clarus jumping spiders appear to require naviga-
tional abilities. Females displayed site fidelity, in that
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about 50% of marked spiders returned to their nests on
consecutive nights in July and 90% did so in August,
when most egg sacs are laid. Males did not show site fidel-
ity unless paired with females. Many individuals moved
long distances during our focal observations. This behav-
iour, along with living in a heterogeneous habitat com-
posed of thick vegetation, suggests that at least some
spiders are likely to get out of sight of their nests during
the daylight foraging period. Our beacon experiments
show that spiders can use visual cues to recognize the
area around their nest.
It is striking that spiders responded strongly to novel

beacons that looked the same as the beacon that held
their nest (compare experienced/own and experienced/
novel groups in Fig. 3 with familiar colour group in Fig. 4),
even though novel beacons were in different locations
with a new array of potential distracters, including, for ex-
ample, different plants and orientation to the sun. Bea-
cons may have been preferred cues for several reasons.
First, they were very close to the nest; using beacons
that are closely associated with a goal is less computation-
ally demanding than using distal cues (see discussion in
Shettleworth 1998). For example, bees emphasize the in-
formation from landmarks that are close to the goal (re-
viewed in Collett & Collett 2002). Second, beacons were
very noticeable (at least to our eyes) against the lush green
background of plants. Detection of distinctive landmarks
is generally the first processing step for using visual land-
marks (Möller 2002). It may even be that spiders select
nest sites near easy-to-remember objects. Some ants delib-
erately choose foraging routes near objects that can be
used as beacons, possibly to facilitate route memory
(Graham et al. 2003). Spiders that select nest sites that
are easy to locate from afar may reduce time spent search-
ing for them.
We offered a fairly straightforward challenge to P. clarus:

spiders needed only to aim at a single beacon to complete
a short journey back to their nest. It is possible that spi-
ders, like many insects, can use landmarks and beacons
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Figure 4. The percentage of spiders that moved towards a novel

beacon during a test trial in the field. Beacons were either of a familiar

colour or of a novel colour. N ¼ 27 per group.
in more complex ways (e.g. Collett 1996). Elegant experi-
ments have demonstrated that insects perform systematic
flight manoeuvres to acquire information about their nest
location (Zeil et al. 1996), learn global landmark–land-
mark relationships (Pastergue-Ruiz et al. 1995) and chain
together separate segments of a route, each guided by dif-
ferent snapshots of landmarks (Collett & Collett 2002; Du-
rier et al. 2003). Many of these skills have been found for
animals, such as ants and bees that follow long and rea-
sonably stable routes (Collett et al. 2003). We do not
know whether P. clarus or other jumping spiders habitually
reuse routes or whether they simply learn about the
appearance of the area around their nest. We often see
Phidippus spp. waiting for prey on flowering plants, and
they may well travel between their nest and a plant for
the duration of its flowering.

What, exactly, did spiders learn about the beacons?
Insects have been shown to use numerous visual features,
including colour, size, edge orientation and symmetry
(Collett & Collett 2002). Phidippus clarus needed only col-
our to distinguish between beacons in beacon experiment
2, but we do not know whether they did so using hue,
brightness, saturation, or polarization cues. Interestingly,
bees use colour to distinguish targets only when the image
subtends more than 15 �, but otherwise use achromatic
cues (Giurfa et al. 1996, 1997). In our study, the beacons
were very close: the beacon below the blinder subtended
a visual angle of approximately 75 � from the spiders’ re-
lease points. Also, because the spatial resolution is much
higher in jumping spiders than in bees (Land 1985), the
task of returning to a coloured beacon should presumably
be easier for jumping spiders. Although other studies have
shown that spiders used colour to discriminate between
nearby cues (Popson 1999; Nakamura & Yamashita
2000), to our knowledge, there are no such studies involv-
ing distant cues.

Besides visually based beacons, jumping spiders may use
other navigational mechanisms, some of which have been
identified in other spider families. For example, the
wandering spider Cupiennius salei (Ctendiae) has been
shown to return to a starting location using only the
memory of idiothetic information gathered by the lyri-
form organs (Seyfarth et al. 1982). Funnel-web spiders
(Agelenidae) use a combination of external and idiothetic
cues (Görner & Claas 1987; Görner 1988). Individuals of
some spider families, including Gnaphosidae, navigate
with the help of canoe-shaped tapeta in their secondary
eyes that detect polarized light (Dacke et al. 1999;
Marshall 1999). Jumping spiders lack these tapeta and
their ability to use polarization is unknown. Lycosid
spiders also lack specialized tapeta, but navigate via polar-
ized light detected by their anterior median eyes (Ortega-
Escobar & Muñoz-Cuevas 1999). A striking example of
a long-distance return movement is that of the dancing
white lady spider, Leucorchestris arenicola. These spiders
wander over 90 m from their nest across open, featureless
dunes of the Namib Desert, and then take a significantly
more direct path back. The mechanism for this ability
is still unknown (Henschel 2002; Nørgaard et al. 2003).
Still other species follow silken trails. Minch (1978)
discovered that Aphonopelma chalcodes (Theraphosidae)
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move approximately 15–20 cm away from their burrows
when foraging. On their outbound path, they constantly
attach silk draglines to the substrate and follow these
when returning. In contrast, P. clarus rarely laid down
draglines except when preparing to leap across a gap.
They also moved through grasses and small shrubs that
flexed constantly in the breeze, which would render drag-
lines unreliable for more than short periods of time. Thus,
we suspect that chemical cues incorporated into silk are
not routinely used by P. clarus for navigation.
Spiders provide a good model system for examining sex

differences in spatial learning in an arthropod. Differences
are well known in mammals (reviewed in Ecuyer-Dab &
Robert 2004) but are much less well known in insects
and, to our knowledge, have not been examined in spi-
ders. Gaulin & FitzGerald (1986, 1989) argued that, for
mammals, the sex with the larger home range size should
have better spatial memory. In our study, adult males trav-
elled significantly further during focal observations than
did females, but did not show nest site fidelity unless
paired with females. However, this result does not exclude
the possibility of male navigational abilities. Males some-
times visit more than one penultimate female and also dis-
play mate choice (C.D.H., unpublished data). It is possible
that males use landmarks or beacons to navigate back to
favoured females. We have not yet tested adult male P. cla-
rus with beacons, because they disappear rapidly from the
population within a few weeks after female maturity
(C.D.H., unpublished data), but this would be an interest-
ing next step.
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