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Abstract
Males of Evarcha culicivora, an East African jumping spider (Salticidae), have bright red faces. Here, we investigated how
seeing a red face might influence a male’s behaviour during encounters with another male. We applied black eyeliner to conceal
the red on a male’s face and measured the spectral properties of male faces with and without the eyeliner. Only the faces without
eyeliner reflected in the long-wavelength range corresponding to red. In experiments over 2 days, where eyeliner was absent on
the first day and present on the second, we compared how two groups of males responded to their mirror images. Face Group:
eyeliner concealed their faces. Head Group: eyeliner was applied to the tops of the males’ heads instead of on their faces. The
males from both groups displayed to their mirror image as if it were a living same-sex conspecific. However, when they could see
a red face, males in the face group escalated to higher levels of aggression to their mirror image and initiated displaying from
farther away than when the red had been concealed. We also found that the influence of eyeliner was stronger for the face group
than for the head group. These findings suggest that, when seeing a red face, E. culicivoramales become more confident that the
individual in view is another male.
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For many reasons, we can thank Prof. Stephen Lea for the
insights his research has given us into how animals categorize
different stimuli (e.g., Lea & Wills, 2008), including stimuli
that may be found in nature (e.g., Lea, Poser-Richet, & Meier,
2015). Indeed, animals with good eyesight often have to iden-
tify and discriminate between many different objects, individ-
uals, and categories (Burge, 2010; Palmer, 1999; Tinbergen,
1951). Besides needing to discern specific features of different
objects and individuals (Cronin, Johnsen, Marshall, &
Warrant, 2014; Palmer, 1999; Treisman, 1998), animals some-
times need to attend to multiple features from a single sensory
modality as well as features from more than one modality
(e.g., vision and olfaction). Multimodal and multicomponent

cues (Candolin, 2003; Partan, 2017) may, for instance, assist
with identifying another individual as being a member of the
same species, as well as assist with further classifying of indi-
viduals (e.g., female versus male and immature versus
mature).

We have been interested in how the colour red might func-
tion as a salient feature in conspecific rival identification by a
jumping spider (family Salticidae). With more than 6,000 de-
scribed species (Maddison, 2015; Prószyński, 2017), this spi-
der family is a major group of vision-proficient predators and,
owing to their unique, complex eyes (Harland, Li, & Jackson,
2012; Warrant & McIntyre, 1993), salticids see with spatial
acuity considerably better than that known for any other ani-
mals of comparable size (Land & Nilsson, 2012). Besides
having exceptional spatial acuity, salticids also use colour as
cues for making decisions in contexts that include classifying
prey (Raška, Štys, & Exnerová, 2017; Taylor, Maier, Byrne,
Amin, & Morehouse, 2014b), identifying landmarks (Hoefler
& Jakob, 2006) and, especially, courtship and threat displays
(e.g., Taylor & McGraw, 2013).

Salticids have eight eyes, but colour vision and vision re-
quiring exceptional spatial acuity are achieved primarily by a
large forward-facing pair called the ‘principal eyes’ (Homann,
1928; Land & Nilsson, 2012). Colour vision inclusive of
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green and ultraviolet may be universal among salticids.
However, the mechanisms by which colour vision is achieved
may vary considerably, and the extent to which different spe-
cies might rely on colour vision inclusive of red has been of
particular interest (Blest, Hardie, McIntyre, &Williams, 1981;
DeVoe, 1975; Outomuro et al., 2019; Yamashita & Tateda,
1976; Zurek et al., 2015).

For the salticid we investigate here, Evarcha culicivora, red
may be particularly relevant in two contexts. This species, from
the Lake Victoria region of East Africa, specializes at feeding
on vertebrate blood by actively selecting as preferred prey
blood-carrying mosquitoes (Jackson, Nelson, & Sune, 2005).
After feeding on blood, a mosquito’s abdomen becomes no-
ticeably red; this suggests that, for E. culicivora, seeing a red
abdomen might be an important step toward identifying its
preferred prey. We are currently investigating this possibility.
However, our objective here is to consider, instead, how red
might function for this species in the context of intraspecific
interactions. The adult males, but not the juveniles or the adult
females, of E. culicivora have bright-red faces and, during
intraspecific interactions, individuals typically face each other
while adopting species-specific postures and movement pat-
terns that we call ‘displays’. These displays differ depending
on whether males are interacting with females or with other
males (Cross, Jackson, & Pollard, 2008) and, as only the males
have bright-red faces, seeing a red face may serve as evidence
that the other individual is an E. culicivora male.

Here, we investigate whether seeing a red face influences a
male’s decision to initiate an interaction with another male, as
well as his subsequent decisions to escalate or desist. In our
experiments, however, the other male is the salticid’s own re-
flection in a mirror. This method (‘mirror testing’) is based on
knowing that salticids respond to their own mirror images in
much the same way as they respond to living, same-sex rivals
(e.g., Forster, 1982). This means we can ascertain a spider’s
decision to escalate or desist without the decisions of a living
rival introducing confounding variables (see Briffa & Sneddon,
2007). Mirror testing has frequently been used before in studies
on salticid behaviour; previous objectives have included deter-
mining capacities for identifying rivals at different distances,
under different ambient light levels and under different ambient
spectral conditions (e.g., Cerveira, Jackson, & Nelson, 2019;
Harland, Jackson, & Macnab, 1999; Jackson & Blest, 1982;
Lim & Li, 2006), but not for investigating the influence of
specific features of the virtual rival.

Method

General

The test spiders in our experiments were adult males of E.
culicivora collected from our field site (see Cross et al.,

2008) in western Kenya 2–3 weeks before use. Basic methods
for maintaining and handling test spiders were as in earlier
studies (for details, see Cross & Jackson, 2014).

Colour manipulation

Our definition of ‘face’ is the spider’s clypeus (i.e., the portion
of the spider’s carapace below the principal-eye corneas) as
well as the area around the margins of the principal eye cor-
neas. In experiments, the entire area of red on the male’s face
(see Fig. 1a) was either concealed or left exposed, with con-
cealment being achieved using a black liquid eyeliner (Urban
Decay Cosmetics, Costa Mesa, CA; colour: ‘Perversion’; see
Fig. 1b). We chose this black eyeliner because it closely
matched the colour of the spider’s underlying cuticle and be-
cause it had been used before to effectively manipulate the
colour patterns of other salticid species without negatively
affecting the spiders’ behaviour (e.g., see Taylor, Clark, &
McGraw, 2014a; Taylor & McGraw, 2013). Evarcha
culicivoramales from the field vary substantially in body size
(body length 3–7 mm; Cross, Jackson, & Pollard, 2007), but
we standardized size in our experiments by using only larger
males (6.0–7.0 mm, accurate to the nearest mm), as larger
males offered greater ease of applying the eyeliner.

After we used enough CO2 to gently immobilize the spider
(repeating if necessary), we placed it under a dissecting mi-
croscope and used a fine brush to apply the eyeliner, taking
care to avoid contacting its eyes. For concealing a spider’s red
face, we covered the clypeus with the eyeliner. We also ap-
plied eyeliner to another group of males, but not where it
would conceal the red face; instead, a similar amount of eye-
liner was applied to an area of similar size above and behind
the spider’s principal-eye corneas (i.e., on the dorsal surface of
the spider’s 'head'). Although the test spiders in this group
retained their red faces, having eyeliner applied to another part
of the head meant that they experienced a procedure that was
much the same as what was experienced by test spiders with
concealed faces. Each spider was immediately fed after the
eyeliner application. We analyzed the spectral properties of
our colour manipulation for male faces (see Fig. 1c), but we
only collected the spectral data for each male when his red
face was either exposed or concealed, never both, and these
males were not used in our experiments on mirror testing.

Mirror testing

We conducted our mirror experiments between 0900h and
1300h (laboratory photoperiod 12L:12D, lights on at 0700
hours). Each spider was tested twice and, because the eyeliner
was permanent after application, each male was first tested
without any eyeliner (Day 1) and then, on the following day
(Day 2), he was retested after having eyeliner applied. There
were two groups of test spiders, defined by where the eyeliner
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was applied on Day 2. Face group: eyeliner covered the clyp-
eus, entirely concealing the red coloration. Head group: eye-
liner covered the top of the carapace, leaving the male’s red
facial coloration exposed. Each spider was fed to satiation on
the day before Day 1. After the trial on Day 1, eyeliner was
applied, and then the test spider was fed to satiation again. No
individual was used as a test spider in more than one pair of
trials.

The testing arena (see Fig. 2a) was a transparent Perspex
box (140 mm long × 110 mm wide × 20 mm high) with a
mirror (length 110 mm, height 20 mm) at one end and with a
removable glass top. The inside of the arena was lined with
white nylon mosquito netting (mesh diameter 2 mm). This
netting was sewn into a rectangular pouch (140 × 115 × 20
mm; see Fig. 2b) which, when fitted over a rectangular wire
frame (130 × 110 × 20 mm; wire thickness 1.5 mm), was held
taut inside the arena. The longer sides of the netting pouch
were sewn shut, but the narrow sides of the pouch were open,
with one of these open ends facing the mirror, and with the
other end, on the opposite side, serving as opening through
which the test spider could be introduced on to the netting

inside the arena. These were the same netting pouches used
in an earlier study (Cross, 2016) for testing E. culicivora’s
response to silk draglines. We decided to use these pouches
again here because they made observations easier; while in-
side the pouches, test spiders were less easily distracted by
people moving in the vicinity.

Before testing began, the test spider was transferred from
its maintenance cage to a 40-mm-long glass tube (diameter 10
mm, stopper in each end of the tube) and kept there for a 5-min
pretrial period, after which one of the stoppers was removed
and the end piece of the arena farthest from the mirror was
raised to provide access to the open end of the netting pouch.
From the open end of the tube, the test spider was then intro-
duced into the pouch inside the arena, after which the end
piece of the arena was returned so as to keep the test spider
inside. Test spiders usually walked spontaneously out of the
tube and into the arena within 5 min; however, if this did not
happen, then the other stopper was removed, and, using a soft
brush, the spider was lightly prodded, whereupon it promptly
moved into the arena. We aborted testing whenever the test
spider entered the arena by running, instead of walking, out of

Fig. 1 Experimental colour manipulation of male Evarcha culicivora
faces. a Males’ red faces exposed. b Red on males’ faces concealed by
applying black liquid eyeliner. cMean reflectance spectra for a subset of
males with red left exposed (N = 7) and males with eyeliner on their faces
(N = 4). Spectral properties were obtained using a custom-built micro-
spectrophotometer that could collect precise data within a circular sam-
pling area of 0.4 mm in diameter. This consisted of a standard spectro-
photometer (USB2000, Ocean Optics, Dunedin, FL, USA) coupled to a
modified Leica DMLB2 fluorescence light microscope fitted with a ×40
quartz objective lens (Leica Microsystems, Wetzlar, Germany) and illu-
minated with a full-spectrum Leica 75 W xenon arc lamp (Leica

Microsystems, Wetzlar, Germany). Reflectance measures, taken in a dark
room, were relative to a Spectralon diffuse reflectance white standard
(Labsphere, Inc., North Sutton, NH, USA). Unfortunately, the optics of
the microscope cut out a portion of the UV spectrum and so this instru-
ment only provides data within the range of 375–700 nm. However, by
using a standard UV-VIS spectrophotometer, we qualitatively confirmed
that E. culicivoramales do not have any peaks of UV reflectance on their
red face. Each male was measured twice and, using the mean value for
each male, we then determined the mean value for the two different
groups. (Colour figure online)
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the tube, and also if, after walking into the arena, 60 min
elapsed without the test spider displaying at the mirror.
Adopting these rules resulted in fewer than 5% of the trials
in an experiment being aborted.

The test spider’s entry into the arena defined the beginning
of a trial. In successful trials, the spider displayed to its mirror
image and we recorded the level of aggression (‘rank’; see
below) reached in the interaction with the mirror as well as
the time elapsing (to the nearest min) between first display and
the end of the interaction (‘interaction duration’). We also
recorded the time elapsing (to the nearest min) between enter-
ing the arena and first display (‘display latency’), distance
from the mirror (to the nearest 5 mm) when the male first
displayed (‘first-display distance’) and the closest the male
got to the mirror (to the nearest 5 mm) during the interaction
(‘closest distance’). The trial ended when the test spider
retreated from the mirror and then remained away from the
mirror without displaying for the following 30 s. Whenever a
test spider interacted with his mirror image for as long as 30
min, we terminated the trial and recorded 30 min as his inter-
action duration. For minimizing the possibility of chemical
traces influencing outcomes in subsequent trials, the arena
was always wiped with 80% ethanol and then dried between
trials. The netting was rinsed with 80% ethanol and then dried
before being reused.

Ranking

As in earlier studies (Cross, 2016; Cross & Jackson, 2009,
2014), we recognized three levels of aggression based on
how E. culicivora males typically behave when interacting
with each other, with the displays we observed in the present
study being consistent with what had been observed in these
earlier studies (for more details, see Cross et al., 2008). The

highest level reached before the test spider retreated and failed
to return was recorded as a rank (see Dugatkin & Reeve,
1998), with this envisaged as indicating the level of risk a
spider is willing to accept in a given contest (Rank 1 being
the lowest and Rank 3 being the highest).

Rank 1 (posturing from a distance): While facing a rival,
the male positions his forelegs, chelicerae, and abdomen in
specific, distinctive ways, sometimes accompanied by a dis-
tinctive walking pattern. Legs are typically in a hunched or an
arched posture and, intermittently, the male sways, flicks one
or both of his forelegs up and down, or waves his pedipalps
from side to side.

Rank 2 (propulsive displays): The spider rapidly closes the
distance between himself and his rival by lunging or leaping.

Rank 3 (face-to-face contact): With his forelegs extending
out to the side and fangs usually extended, the spider pushes
the front of his cephalothorax against the other spider.

Data analysis

On Day 1, test spiders from both groups were free of eyeliner.
On Day 2, eyeliner was present, but situated differently de-
pending on the group (face group, red on face concealed; head
group, red on face exposed). We looked for evidence of red
influencing response to a virtual rival by first determining the
‘rank score’ for each male. This score was the rank recorded
on Day 1 minus the rank recorded on Day 2, which meant that
a male’s score was positive if rank was higher when eyeliner
was absent than when it was present. In the same way, we
calculated and compared scores for interaction duration, dis-
play latency, first-display distance, and closest distance. We
considered negative as well as positive scores to ensure that
we did not miss any unforeseen influences of the eyeliner on
test spider behaviour.

Fig. 2 Experimental apparatus. a Testing arena (not drawn to scale), as
seen from above, made from transparent Perspex. Glass lid not shown.
Mirror was one side wall of arena. All side walls of arena held in place
with plastic clamps. Netting positioned on wire frame fit inside the arena.

b Closer view of netting on wire frame. To begin trial, end piece furthest
from mirror was raised, and the test spider stepped out of a holding tube
(not shown) and onto the netting inside the arena
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As the distributions of scores did notmeet the prerequisites for
parametric data analysis, we used nonparametric statistics (see
Howell, 2002). For each group, we considered whether the pres-
ence of eyeliner influenced male response by using Wilcoxon
matched-pairs tests (null hypothesis: score = 0). To determine
whether using eyeliner to conceal the red on a male’s face had
a stronger effect than putting eyeliner on his head (leaving red
exposed on his face), we used Mann–Whitney U tests to com-
pare the scores for the face group with scores for the head group.
As these comparisons meant that some data sets were analysed
twice, we applied an adjusted alpha of 0.025.

Results

Test spiders in the face group had rank scores significantly
larger than zero (Wilcoxon: Z = 3.52, p < .001; see Fig. 3a);
the ranks reached were higher (i.e., the spiders were more
aggressive) when their red faces were exposed (Day 1) com-
pared with when their red faces were concealed (Day 2).
However, the rank scores of test spiders in the head group
(red faces exposed on Day 1 and Day 2) were not significantly
different from zero (Wilcoxon: Z = 0.71, p = .478; see Fig. 3b).
We also found that rank scores for the face group were signif-
icantly larger than rank scores for the head group (Mann–
Whitney: Z = 2.47, p = .013), indicating a stronger effect on
behaviour when eyeliner was applied to a male’s face instead
of a male’s head.

The distance at which males in the face group began
displaying (first distance) to their mirror image on Day 1
(red face exposed) was significantly greater than on Day 2
(red face concealed; Wilcoxon: Z = 2.73, p = .006; see Fig.
4a). By contrast, first-distance scores for males in the head
group were not significantly different from zero (Wilcoxon:
Z = 0.83, p = .409; see Fig. 4b). Although our data suggested
that first-distance scores for the face group were larger than
first-distance scores for the head group, this difference was not
significant (Mann–Whitney: Z = 1.84, p = .066).

None of the other scores we considered were significantly
different from zero. Wilcoxon matched-pairs tests: Interaction
duration scores (face group: Z = 1.49, p = .136; head group: Z
= 0.62, p = .538), display latency scores (face group: Z = 0.78,
p = .436; head group: Z = 0.63, p = .525), closest-distance
scores (face group: Z = 1.48, p = .140; head group: Z = 0.88, p
= .379). Mann–WhitneyU tests: interaction duration scores (Z
= 1.20, p = .232), display latency scores (Z = 0.80, p = .421),
closest-distance scores (Z = 0.53, p = .597).

Discussion

Our spectral data indicate that the faces of E. culicivoramales
strongly reflect in the long-wavelength range corresponding to

red. In experiments we found that, when this red coloration
was concealed with black eyeliner, males still interacted with
their mirror images, but they were less inclined to escalate
conflict. These findings are relevant in the context of colour
vision, but there is still much we need to learn about how
colour-related stimuli influence E. culicivora’s responses.
We have evidence that E. culicivora males attend to red as a
relevant feature, but we have not yet determined whether, for
example, it is specifically brightness, chroma, or hue that mat-
ters. We also have not yet determined whether there are other
colours on the male’s body, including parts that might reflect
UV, which could influence interactions between E. culicivora
males.

This is not the first research in which mirrors were used for
testing the way E. culicivora males respond to virtual rivals
(Cross, 2016; Cross & Jackson, 2009, 2014). However, in the
earlier work, mirrors were used for investigating whether in-
dividuals escalate the level of aggression they express over
access to resources such as a potential mate or preferred prey.
Here, our objective was different because we were primarily
interested inwhether a particular visual feature (i.e., a red face)
influenced the decisions made by males during encounters
with other males.

Perhaps the most celebrated example of red on the body of
a rival eliciting an aggressive response comes from experi-
ments on the three-spined stickleback (Gasterosteus
aculeatus) during the time of classic ethology. Niko
Tinbergen (1951) in particular emphasized that stickleback
males are strongly predisposed to respond with threat displays
specifically when they see a red belly on a rival, with other
stimuli originating from the rival seeming to be largely ig-
nored. For example, the ‘rivals’ used during experiments were
often dummies made from wood or from a dead fish of the
same or another species, and yet, even when the dummy only
crudely resembled another stickleback male, the living stick-
leback male still responded aggressively as long as red was
visible on the rival’s belly. In basic respects, our findings forE.
culicivora males resemble the findings for the sticklebacks
because, again, a particular colour and the location of this
colour mattered (red on the face for the spider; red on the belly
for the fish), but whether this similarity runs much deeper is
less clear.

For Tinbergen and his colleagues, including Konrad
Lorenz, the stickleback experiments and many similar exper-
iments with other animals illustrated something especially im-
portant. These authors emphasized that the potential informa-
tion animal sensory systems can deliver may be vast, but an-
imals often attend to only a very small portion of available
stimuli when they are in situations where prompt, adaptive
responding is needed. Tinbergen’s preferred term for these
highly specific subsets of potentially available information
was ‘sign stimuli’ (Tinbergen, 1951), whereas Lorenz (1950)
more often used the term ‘releaser’.
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The expression ‘sign stimulus’ has potential for being a
convenient way of saying that a particular stimulus normally
accompanies the presence of something specific (i.e., it is a
‘sign’ of something specific). If this was all that ‘sign stimu-
lus’meant, then we might say that a red face is a sign stimulus
for E. culicivoramales (i.e., it is a sign that another spider is a
rival male). However, the emphasis Tinbergen put on animals
responding to a sign stimulus while largely ignoring other
available stimuli has been shown to be problematic even in
the case of stickleback males (e.g., Rowland, 1982) and, for
this and other reasons, Tinbergen’s expression ‘sign stimulus’
is no longer so widely used.

Likewise, for E. culicivora, ‘ignoring other available stim-
uli’ is not what we found. What we found instead is that,

regardless of whether E. culicivora males saw a red face or
face covered with eyeliner, they responded by displaying in
much the same way as they normally displayed during en-
counters with living same-sex conspecific individuals (Cross
et al., 2008). We conclude from this that, for identifying an-
other individual as a conspecific male, it was not essential for
E. culicivora to see a red face. It seems more appropriate to
propose that a red face was, for E. culicivora, information that
was used in the context of deciding what to do, but this was
not simply all that mattered.

When considering how seeing a red face affects E.
culicivora, Lorenz’s expression ‘releaser’ feels even more
out of place. Lorenz went further than Tinbergen by proposing
a model for how behaviour is often orchestrated, with
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Fig. 3 Rank scores attained bymales ofEvarcha culicivora: rank attained
on Day 1 (no eyeliner present) minus rank attained on Day 2 (eyeliner
present; see text for details). a Black eyeliner on spider’s face concealing

red (face group;N = 31). bBlack eyeliner on top of spider’s head, leaving
red on face exposed (head group; N = 32)
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releasers being analogous to a finger pushing a ‘button’ (i.e.,
an innate releasing mechanism, which is envisaged as a com-
ponent of the animal’s nervous system) and with pushing the
right button ‘releasing’ the animal’s fixed action pattern
(Lorenz, 1950). In our study, when males in the face group
were tested with a virtual rival that had a red face on one day
and with a rival that had a concealed red face on the next day,
there were significant effects on rank scores and distance
scores; test spiders initiated displaying from further away
and they adopted higher levels of aggression (rank) when they
could see a red face. In fact, no test spiders adopted higher
levels of aggression when red was concealed instead of

exposed (see Fig. 3a). We see this as evidence that face colour
mattered to E. culicivora males, but it was not as though see-
ing red acted in a way that was analogous to simply pushing
the right button for releasing a male’s threat displays.

There was another factor that covaried with face colour; the
trial with no eyeliner (red face exposed) was always on Day 1,
and the trial with eyeliner concealing red was always on Day
2. It might be argued that the experience of applying the eye-
liner had affected how a test spider responded to seeing a rival,
but our findings for the head group are contrary to this alter-
native hypothesis. The spiders in this group had red exposed
on both days and, despite having eyeliner applied to the top of
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Fig. 4 First-distance scores attained by males of Evarcha culicivora:
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their heads on Day 2, all of their scores were nonsignificant
(i.e., not distinguishable from zero). Moreover, the rank scores
for the face group were significantly higher than the rank
scores for the head group, suggesting that it was specifically
the appearance of the spiders’ faces, rather than the procedure
of applying the eyeliner, that affected test-spider response.

We still might discuss our findings in the context of E.
culicivora males identifying another individual as being a
conspecific same-sex rival, only now with identification (‘rec-
ognition’) not being envisaged as an all-or-none phenomenon
but rather pertaining to E. culicivora males having varying
levels of confidence in the identifications theymake. A similar
perspective can be seen in a series of ingenious experiments in
which males of another salticid species, Lyssomanes viridis,
were presented with images of conspecific and heterospecific
salticid individuals (Tedore & Johnsen, 2013). Some of these
images were composites in which the facial coloration and
morphology of one species was combined with the leg
coloration of another salticid species. These males more
often displayed at a male or a female composite image when
this image was presented in conjunction with silk. Tedore and
Johnsen (2013) proposed that, for L. viridis, there is a thresh-
old for identifying a conspecific individual and that contact
with the silk contributes to crossing this threshold.

Our experiments were different because, instead of adding
another variable (silk present or absent), we manipulated a
specific visual feature (red) and found apparent effects on
test-spider motivation. Our experiments can be called ‘mirror
testing’, with the spider in the mirror being a virtual rival.
However, the expression ‘mirror testing’ is better known in a
different context—namely, experiments in which the objec-
tive is to determine capacity for self-recognition (Reiss &
Morrison, 2018). Interest in this can be traced back to exper-
iments in which chimpanzees, after having experience of
looking in a mirror, then had conspicuous paint markings ap-
plied to their faces. These chimpanzees showed no overt re-
sponse to the markings in the absence of mirrors, but, when
tested again with mirrors, their behaviour was as expected for
individuals seeing themselves instead of another chimpanzee;
they stared at the mirrors and then, instead of reaching out and
touching the mirrors, they repeatedly touched the marking on
their own faces (see Gallup, 1970). This work generated a lot
of interest and there is now a large literature based on similar
mirror testing for self-recognition using chimpanzees, other
apes, and other animals (see Reiss & Morrison, 2017).

Yet there are important differences between our mirror ex-
periments and the self-recognition mirror experiments. For
example, instead of adding a conspicuous marking, we hid
the conspicuous red on the males’ faces. The most important
difference, however, may be that, in our experiments, each E.
culicivora male was tested only twice. By contrast, before
having a marking applied to their faces, animals in self-
recognition experiments usually encounter mirrors repeatedly

and, initially, they respond to the mirror as though they have
encountered a rival. By this criterion alone, our experiments
are not self-recognition experiments. Another consideration is
that our test spiders, while facing a mirror, never used their
appendages to touch the eyeliner on their faces or heads.
Instead, the spiders were busy making threat displays.
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